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Chapter 1: Introduction

What is ecosystem accounting?

Ecosystem accounting is an approach to the assesaheéhe environment through the
measurement of ecosystems, and measurement dbwe df services from ecosystems into
economic and other human activity.

These two primary measurement objectives are iatedrwithin an accounting framework
that uses as its starting point the statisticaidsed for measuring the relationship between the
economy and the environment, the System of Envimnal — Economic Accounting: Central
Framework (SEEA Central Framework). The use of anoanting framework enables
measures of ecosystems and measures of flows ftosygtems to be seen in relation to each
other and also in relation to a range of otherrammental, economic and social information.

Significantly, ecosystem accounting has a focusbdythe relationship between ecosystems
and the standard measures of economic activiyntorapass links to other human activity.
Thus, it also incorporates accounting for the mamgriced services from ecosystems used in
other human activity such as the purification otevathe filtration of air, and the amenity and
cultural benefits of landscapes. The extended fadlosvs ecosystem accounting to organise
information relevant to the assessment of tradstodtween different uses of ecosystems.

Ecosystem accounting considers the interactiomdividual environmental assets as part of
natural processes in a spatial area to providengeraf services. Therefore, it involves two
particular extensions to the economic accountintpénSystem of National Accounts (SNA).
First, ecosystem accounting involves accountinghiysical terms, i.e. accounting for the
stocks and flows related to ecosystems in termbedf quantity and quality. While ecosystem
accounting may be undertaken in monetary termsighisot required. Second, ecosystem
accounting involves accounting for relatively dietdj sub-national, spatial areas that can be
aggregated to a national territory.

These extensions require the use of a cross-dizaipl approach to measurement. The
development of the accounting framework, the esflirlent of the relevant statistical
infrastructure, and the organisation of informatame key tasks that cannot be completed
within a single agency.

What is the SEEA Experimental Ecosystem Accouimy?
Status of SEEA Experimental Ecosystem Accounting

The System of Environmental-Economic Accounting EBE Experimental Ecosystem
Accounting describes the state of knowledge on @auting for ecosystems. It introduces an
accounting framework that may be used to commemzk support work on ecosystem
accounting and to facilitate the exchange of expees in the testing of various aspects of
ecosystem accounting. There is sufficient evidemmesupport the development of an
experimental accounting framework and there is grgwevidence of the possibility of
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implementing ecosystem accounting at a nationalllev

SEEA Experimental Ecosystem Accounting providesymtrgesis of measurement concepts
from a number of disciplines while aiming to retdiexibility for ongoing research. It is
certainly the case that through testing and expertation there will be improved
understanding and development of the accountingdveork. However, without a synthesis
of various concepts and terms, the ability to comicate effectively across multi-disciplinary
programs of work in this area would be significardiminished. Indeed, the participants in
the various disciplines are well aware of the niwdfurther harmonisation in terminology
and definitional coverage even though the numbercare concepts is, in reality, not
extensive.

Thus the effort made in this document is to provadsynthesis of current knowledge and
discussion accepting that choices on terms andepbnal scope have been made in some
cases. It is clear that significant gains in thegmnation of various measurement approaches
can be obtained through the use of an environmegtalomic accounting perspective,
especially for the organisation of information tesess macro level trends related to
ecosystems. Further, the various understandingecobystems and their connection to
economic and other human activity are remarkabigpetible.

The synthesis in SEEA Experimental Ecosystem Actiognreflects that ecosystem
accounting is a new and emerging field of measuntraad hence this work is considered
experimental. Nonetheless, ecosystem accountingdsown well-established disciplines
including ecosystem science, ecological econonaind, official statistics, especially national
and environmental-economic accounting.

The importance of accounting for ecosystems in jghygi.e. non-monetary) terms is a key
feature of the SEEA Experimental Ecosystem AccowgntiThere is a significant amount of
information in physical terms that can be organiséthin an accounting framework to
support analysis and monitoring. The organisatibmphysical information is the focus of
Chapters 2, 3 and 4. Approaches to accountingdosystems in monetary terms (Chapters 5
and 6) are also described recognising that thia are measurement raises additional
complexities and is dependent on the availabilitypformation in physical terms.

In a number of areas it is clear that further adeament of concepts and theory are required,
and in all areas the development and testing ohaakst is needed. To this end a research
agenda for ecosystem accounting is discussed io8ec7.

Background to SEEA Experimental Ecosystem Accauratind links to the SEEA Central
Framework

The SEEA Experimental Ecosystem Accounting has b#sreloped within the broader
process of revising the SEEA-2003 — a processateiti by the United Nations Statistical
Commission (UNSC) in 2007. The primary objectivettud SEEA revision process was the
establishment of a statistical standard for envirental-economic accounting. At its %43
meeting in February 2012, the UNSC adopted the SEEAtral Framework as an initial
international statistical standard for environmégtaonomic accounting. The SEEA Central
Framework is a multi-purpose, conceptual framewbst describes interactions between the
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economy and the environment, and the stocks anagelsain stocks of environmental assets.
It provides a structure to compare and contrastceodata and allows the development of
aggregates, indicators and trends across a braaddrem of environmental and economic
issues.

During the SEEA revision process it became cleat tihere were some aspects of the SEEA-
2003 that could not be advanced and agreed toeatetrel of an internationally agreed
standard. Consequently, these aspects, primaldying to accounting for ecosystems and
their degradation, were set aside in the finalisatf the SEEA Central Framework. At the
same time, recognising the increasing relevance iamefest in the measurement of
ecosystems, their degradation, and the flow of ystem services, UNSC supported the
development of SEEA Experimental Ecosystem Accogntithe process being managed
through the United Nations Committee of ExpertsEmvironmental-Economic Accounting
(UNCEEA). It is not intended that SEEA Experimerialosystem Accounting constitutes an
international statistical standard but rather ioiprovide an accounting framework for multi-
disciplinary research.

The accounting framework described in SEEA Expenii@e Ecosystem Accounting
complements the accounting for stocks and flowsrofironmental assets presented in the
SEEA Central Framework. Rather than focusing on wheous individual environmental
assets (e.g. timber resources, land, water resHurc®EEA Experimental Ecosystem
Accounting takes the perspective of ecosystems andeffect, assesses how individual
environmental assets interact as part of natumlgases in a spatial area to provide a range of
services for economic and other human activity.

By taking a more holistic view, information orgasis following SEEA Experimental
Ecosystem Accounting is able to provide an indaabf impacts (both positive and negative)
of economic and other human activity on the envitent and can highlight the trade-offs
between alternative uses of ecosystems. The assessofi systemic impacts on the
environment is not possible using the accountingctires of the SEEA Central Framework
which instead provides greater focus on the presson the environment as a result of
economic activity through the use of natural inpartshrough the release of residuals.

Policy relevance of ecosystem accounting

The policy relevance of ecosystem accounting fatirenmental assessments is very broad,
real and increasing. A general motivation is thabsystem accounting can provide

information for tracking changes in ecosystems kimidng those changes to economic and
human activity. A particular motivation for the ddopment of ecosystem accounting stems
from the concern that economic and other humanwigcts leading to an overall degradation

of ecosystems and, consequently, there is a redeeggakity for ecosystems to continue to
provide the services that people are dependent on.

In combination with the accounts of the SEEA Cdrframework, information on the extent
to which ecosystems are impacted by economic aher dtuman activity from ecosystem
accounting can be used to evaluate and numberligfydesues including; the potential for
alternative patterns of consumption, production acdumulation: alternative uses of energy
and the extent of decoupling of economic growtle #ifectiveness of resources spent to
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restore and enhance ecosystems: and more gerntbeliyade-offs between alternative uses of
ecosystems.

The assessment of trade-offs between alternathceuaes and part of landscape management
is likely to be a particularly powerful applicatiofthe ecosystem accounting framework. The
usefulness in this area stems from the connecti@de in the framework between changes in
ecosystems and economic and other human activity.

Increasingly, policy in different areas of publioncern is being considered in a more
integrated, multi-disciplinary fashion with econ@mnsocial and environmental factors being
assessed in determining appropriate policy respomisehis regard the integrated structure of
the ecosystem accounting, and the SEEA generallyf particular relevance. For ecosystem
accounting the potential for combined presentatadfreconomic data, and scientific and other
physical data is a particular feature.

Through its measurement of ecosystems, SEEA Expetah Ecosystem Accounting
provides insights into how ecosystems may be cdneéped as a form of “capital” which
may then be considered in relation to other measofeapital including economic, human,
social and environmental capital.

For many environmental concerns the policy respassgeveloped and implemented at a
specific local level, for example in the managemehtiver basins, fisheries or protected
areas. Since ecosystem accounting requires thdopavent of spatially specific datasets it
can form a basic tool for the assessment of intedrpolicy responses at that level of detail.

As part of an international measurement processgdévelopment of the SEEA Experimental
Ecosystem Accounting may provide a base to buifdrination sets for use in assessing
cross-border ecological cycles and their globairenvnental challenges.

In this context, it is recognised that stocks dodi$ of carbon and changes in biodiversity are
central elements in understanding the operatictosystems. The significance of carbon and
biodiversity has seen the development of two imgurinternational environmental policy
frameworks, the Convention on Biodiversity (CBD)datme UN Framework Convention on
Climate Change (UNFCCC). The broad and integrateira of the SEEA Experimental
Ecosystem Accounting and its underlying accountipgroach are of direct relevance in the
organisation of data for assessing changes in #weses and putting the relevant information
in a socio-economic context. Equally, the measuréntd ecosystems requires data on
biodiversity and carbon and hence there is strarigrpial for data integration across a range
of important environmental areas.

Objectives and challenges in ecosystem accoungti
Accounting objectives

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

environmental and economic information to informligo discussion and environmental

management. Within this, the more specific objediin establishing an accounting structure
are:
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() Organising information on the environment from at&d perspective describing, in
a coherent manner, linkages between ecosystemgambmic and other human
activity

(i) Applying a common and coherent set of conceptssiflaations and terminology

(i)  Allowing connections to be made to environmentalreenic information compiled
following the SEEA Central Framework thus aidinge thnderstanding of the
contribution of ecosystem services to economic pectdn, consumption and
accumulation, the attribution of the degradatiastaration and enhancement of
ecosystems to economic units, and the developménmnare comprehensive
measures of national wealth.

(iv) Identifying information gaps and key informatiomu&rements.

In order to meet the various accounting objectittesre are some specific considerations that
are the focus of the SEEA Experimental EcosysteapAuting. These are:

() The objects of measurement — the ecosystems —todxxddefined from a statistical
perspective;

(i) Measurement units for the assessment of ecosyssatsaneed to be described,;

(i) The definition of, and relationships between, estay assets and ecosystem
service flows with consideration of appropriate suweament scope and coverage;

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

(v) The use of valuation technigues needs to be exqaain

Measurement challenges

A full articulation of ecosystem accounting wilhevitably, require the use of much detailed
data. However, although this is a new area of attagy it is the case that a large amount of
relevant information may be available from existdaga sources. Of course, some of the data
may be proxies of the “ideal” measures, the dagalikely to be initially incompatible with
each other, and overall a significant amount ofkwoay be required to organise and integrate
the information. These challenges however, do motalidate the use of accounting
frameworks to compile coherent and structured médron. A significant opportunity exists
to take advantage of emerging spatially speciftasits and related analytical techniques.

Central to the success in meeting these variousuating objectives is the involvement of a
wide-range of professional communities, most ngtaddientists, economists and official
statisticians. While all of these communities cdnoen different perspectives, each group has
an important role to play in developing the appiater accounting framework and in
populating that framework with meaningful infornuati

In practical terms, for the development of natiolealel ecosystem accounting, it is highly
unlikely that any single agency or organisation effectively cover all of the information

requirements for a set of ecosystem accounts.i3lparticularly the case for the collection of
the range of scientific and other environmentabiinfation which may be very localised.
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Consequently, the development and testing of et&sysaccounting will require the
involvement of multiple disciplines across agencidse types of agencies that are likely to be
involved include national statistical offices (NS@pvernment scientific and meteorological
agencies; departments of environment, agricultfmegstry and fishing; and government
geographical and geo-spatial information agenci€ke establishment of appropriate
institutional co-ordination and management arrargggm is essential if the work is to be
routinely implemented.

Further, given the new and emerging status of estesy accounting there is strong potential
to harness the research capability of the acadentavelop and test aspects of the ecosystem
accounting framework that is proposed. This is eisflg true in the area of standardising and
accrediting scientific information for use in nat#é level ecosystem assessments. This issue
is discussed at more length in Section 2.5.

The role of national statistical offices

There are a number of aspects of ecosystem acogumts described in the SEEA
Experimental Ecosystem Accounting that warrant ithelvement of national statistical
offices (NSO). The actual role an individual NSQghti play will depend on the scope of the
activities it has traditionally been involved imrexample, some NSO have strong traditions
in relation to working with geographic and spatddta, and others have a history of
development and research. NSO with these typespdEreence may be able to play leading
roles in the development of ecosystem accounting.

Those NSO without this experience may still playimportant role. Government agencies
leading ecosystem accounting research are encaltagdilise the expertise of NSO in the
following areas that are common roles played btaliistical 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 diffdyeand there are known to be multiple
classifications of ecosystem services and ecosysypes. In many cases each new study
develops its own concepts and classifications. TSEEA Experimental Ecosystem
Accounting is a first attempt to give stronger @uide in this important measurement
discipline and the ongoing involvement by NSO s thirea 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 @h\concepts. Most commonly NSO focus
on providing coherent pictures in relation to seet@nomic information and this capability
can be extend to also consider environmental indtion. Given the multi-disciplinary nature
of ecosystem accounting data integration is an rtapbrequirement.

Fourth, NSO work within broad national and interoial frameworks of data quality that
enable the assessment and accreditation of vaindognation sources and the associated
methodologies in a consistent and complete manner.
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Fifth, NSO have a national coverage. The focushef SEEA Experimental Ecosystem
Accounting is on the provision of information thpgrmits analysis at the national level rather
than site or ecosystem specific information thatmiere commonly available. Creating
national economic and social pictures is a relgtivmique role undertaken by NSO and the
understanding of scaling data is implicit in cregtithese pictures. Ecosystem accounting
could benefit substantially from consideration ofrhstandard statistical techniques used for
official statistics may be applied, in particularthe context of geo-spatial statistics.

Sixth, NSO can present an authoritative voice byuei of the application of standard
measurement approaches, data quality frameworkstteid relatively unique role within
government.

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

The key disciplines in ecosystem accounting

While ecosystem accounting is a new and emergigld tif measurement, its foundation in
ecosystem science, ecological economics, and m@tamtounts is strong. Research in these
foundation areas continues to deal with the everemsing complexity of economic activity
and our ever increasing understanding of the wiorthich we live. At the same time there
are some core understandings of ecosystem sciewotpgical economics and national
accounts that are accepted and hence form a basedsystem accounting.

Core principles of ecosystem science

An ecosystem can be broadly described as a “dynamioplex of biotic communities
interacting with each other within their non-livirenvironment interacting as a functional
unit”!. The operation of ecosystems involves ecosystemegses such as the capture of light,
energy and carbon through photosynthesis, thefaaw$é carbon and energy through food
webs, and the release of nutrients and carbon ghralecomposition. Biodiversity affects
ecosystem functioning, as do the processes ofrdatee and succession. The principles of
ecosystem management suggest that rather than managlividual species, natural
resources should be managed at the level of theystam 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 servicegeneral terms, the capacity of an
ecosystem to provide ecosystem services dependseoarea covered by an ecosystem (its
extent), and the condition of the ecosystem. Tlapacity is modified through human
behaviour both positively and negatively. Commorltyough land use conversion, certain
types of ecosystems have been replaced by diffemrgystems supplying a different set of
ecosystem services, as in the case of forest cmuvir cropland.

Ecosystems are often subject to complex, non-lidgaamics involving negative or positive
feedback loops. These complex dynamics include,ei@ample, the presence of multiple

! Convention on Biological Diversity

10
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steady states, irreversible change or stochastitdgm) behaviour. It is now recognised that
many types of ecosystems are influenced, and afiminated by complex dynamics,
including temperate and tropical forests, rangedardtuaries, and coral reefs. Resilience is an
important property of ecosystems in this regardsiliemce indicates the propensity of
ecosystems to withstand pressure or to revert backs previous condition following a
disturbance.

Core principles of ecological economics

Ecological economics is a field of research thassra number of traditional disciplines and
considers the interdependence and co-evolutioruofam economies and natural ecosystems
over time and space. One of the distinguishingufeat of ecological economics is its
treatment of the economy as a sub-system withirettsystem and consequently it has an
interest in the preservation of ecosystems on wthiereconomy is dependent.

Issues such as intergenerational equity, the irs#viity of environmental change, the
uncertainty of long-term outcomes, and sustaindel&elopment are common areas of focus
for ecological economists. Underpinning the analysf these issues is a view of the
relationship between the economy and the envirohmemeing a system of flows involving
energy, natural inputs and resources, and pollsitamd residuals.

From an accounting perspective ecological econoromstures many relevant concepts
including those relating to ecosystem capital anfloaw of services. By using a broad

conceptualisation of services, ecological econongicble to consider trade-offs between the
generation and use of different services in a mwwmprehensive fashion. Further, by
considering the relationship between ecosystemalagnd services flows, the potential for
ecosystems to continue to provide services intduhge becomes a direct point of analysis.
Such analysis involves consideration of the cagyapacity of the environment.

Ecological economics also considers the valuatfagcosystem services, most commonly in a
welfare context to assess broader social costbanefits of different policy choices. A broad
and expanding set of approaches exist to undevtakation of these unpriced services.

Core principles of national accounts

At the heart of national accounting is the ambittonrecord, at a national, economy-wide
level, measures of economic activity and associstecks and changes in stocks of economic
assets. The accounting approaches are descrilegtt in the System of National Accounts
(SNA). The SNA is the international statisticalrstard for national accounting, first released
in 1953 and most recently updated and releasedyjdim 2008 by the United Nations, the
European Commission, the International Monetaryditime Organisation for Economic Co-
operation and Development (OECD) and the World Bdile SNA provides the conceptual
underpinnings of the SEEA Central Framework.

Following the SNA, economic activity is defined the activities of production, consumption
and accumulation. Measurement of each of thesevitbesi over an accounting period
(commonly one year) is undertaken within the caistrof a production boundary which

11
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defines the scope of the goods and services comsid® be produced and consunied.
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&iy non-produced economic assets may
be accumulated (for example, through the purchésend). At its core, national accounts is
the reporting of flows relating to production, cangption and accumulation, and stocks of
economic assets.

Central to the measurement of economic activity aoonomic assets is the recognition of
economic units — i.e. the different legal and doeiatities that participate in economic
activity. At the broadest level these entities eaéegorised as enterprises, governments and
households. The economy of a given territory isngef 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 andeptéaformation on the transactions and
other flows between these economic units (includffoyvs between units in different
territories), and on the stocks of economic assetsed and used by economic units.

There are strong similarities between national acting and the accounting that is
undertaken for an individual business. However, ti@n distinctions are that (i) national
accounting requires consideration of the accountimgjications for more than one business
(thus the recording must be consistent for bothigmito a transaction without overlaps or
gaps); and (ii) national accounting operates airdairger scale in providing information for a
country and encompassing a wide variety of typesaoihomic units that play quite distinct
roles in an economy.

Creating linkages between disciplines

Placing ecosystems in a national accounting contegtires 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 benefisconomic and other human activity and
those aspects of ecosystems that, effectively,@tiipe provision of these benefits.

For national accountants, it is necessary to cengtie set of goods and services produced
and consumed in the context of the set of benpfisided by ecosystems and also to see the
ecosystem as a complex, self-regulating system wizite influenced by economic activity,
also operates outside of traditional economic meament regimes.

For ecological economists, it is necessary to dangiheir conceptual models concerning the
links between ecosystems and the economy in & stmunting sense, and to consider the
complexities of integrating new measures of asaath services with traditional economic
measures.

Fundamentally, ecosystem science, ecological ecmsorand national accounting are
disciplines that recognise the significance of eyyst and the mass of relationships that

% This boundary also defines the measurement saopthé most widely known national accounts aggeegat
Gross Domestic Product (GDP).

12
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comprise their fields of interest. Ultimately, & ithe aim of SEEA Experimental Ecosystem
Accounting to present a system based approach dordieg the relationships between
ecosystems, the economy and society that is uskful public policy making and
environmental management.

Structure of the SEEA Experimental Ecosystem Awmunting

Chapter 2 “Principles of ecosystem accounting” @nés the model of ecosystem operation
that underpins the accounting framework and plaitgesnodel in the context of ecosystems,
ecosystem services, and ecosystem assets. Thésesvaarts of the model are subsequently
described in greater detail in later chapters. @had also presents a model of statistical and
reporting units for ecosystem accounting, and dises some general measurement issues that
apply to all areas of ecosystem accounting.

Chapter 3 “Accounting for ecosystem services ingidal terms” discusses the measurement
of ecosystem services highlighting key issues opecand coverage, presenting a common
classification of ecosystem services, proposingctascounting structures for recording flows
of ecosystem services, and describing a range ahpbes of the measurement of ecosystem
services in physical terms.

Chapter 4 “Accounting for ecosystem assets in m@aysterms” considers measures of
ecosystem assets in physical terms comprising messifi ecosystem extent, condition, and
expected ecosystem service flows. It explains apres to measuring ecosystem assets, the
organisation of this information into ecosystem easaccounts, and the measurement
challenges involved in making overall assessmehtecosystems. Chapter 4 also highlights
some specific areas of accounting, namely carboawsting and accounting for biodiversity,
and the relationship of these specific areas tgystem accounting.

Chapter 5 “Approaches to valuation for ecosystemoaating” introduces the general
concepts of value that may be utilised in ecosysdaeoounting 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 extesy services and discusses their
consistency with the valuation principles. The d¢baplso considers a range of measurement
issues including aggregation and scaling estimfdesndividual ecosystem services and
individual ecosystems.

Chapter 6 “Accounting for ecosystems in monetamyng® introduces how estimates of

ecosystem services, ecosystem assets and ecosystgadation in monetary terms can be
integrated with information in the traditional ratal accounts, including via a sequence of
accounts and via wealth accounts. This chapter lagolights the way in which standard

monetary transactions associated with ecosystemsbearecognised and recorded, with
particular mention of the treatment of paymentssiomsystem services.

Research agenda

The intent of SEEA Experimental Ecosystem Accounti® to provide a synthesis of the
developments in ecosystem accounting. Many of tldeselopments are recent and in that
sense many aspects of SEEA Experimental Ecosysteoouldting are part of ongoing

13
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research and development work in various relateciglines.

An annex outlines a targeted research agenda fmystem accounting focusing on those
areas that are considered in most need of furtivestigation in order to advance ecosystem
accounting as a whole. It is expected that thestigation of the issues on the research agenda
may be undertaken in joint fashion across disofgirand in conjunction with ongoing
research programs.

In addition to advancing a research agenda it omant that experience be gained through
the testing of the accounting framework outlined $EEA Experimental Ecosystem
Accounting. To this end it is expected that thaaapts and terminology described here will
support testing efforts and facilitate the shaohgxperiences in ecosystem accounting.

14
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Chapter 2: Principles of ecosystem accounting

An overview of ecosystems

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

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

Different degrees of human influence can be obskrkFer instance, in a natural forest or a
polar landscape, ecosystem processes dominateytiaenets of the ecosystem and there are
likely to be fewer impacts from human managementth®f ecosystem or from human
disturbances. At the other end of the spectrunmg greenhouse or in intensive aquaculture
ponds, ecosystem processes have become dominatedrian management, and ecosystems
close to human settlements may be significanthec#d by human disturbances such as
pollution.

Assessment of ecosystems should consider theiogg@nd location. Key characteristics of
the ecology of an ecosystem are (i) its structarg. the food web within the ecosystem); (ii)
its composition, including biotic (flora and faure)d abiotic (soil, water) components; (iii)
its processes (e.g. photosynthesis or the recydingutrients in an ecosystem), and (iv) its
functions (e.g. resilience). Key characteristics itsf location are (i) its extent; (i) its
configuration (i.e. the way in which the variousmqaonents are arranged and organised within
the ecosystem); and (iii) the landscape forms (eguntain regions, coastal areas) within
which the ecosystem is located.

An important broad characteristic of ecosystemigted to its ecology and location, is its
biodiversity. There are therefore important conioest between ecosystems and biodiversity.

Ecosystems can be identified at different spattales, for instance a small pond may be
considered as an ecosystem, as may a tundra emmsgsetching over millions of hectares.
In addition, ecosystems are interconnected commiogilyg nested and overlapping, and they
are subject to processes that operate over vatiyimggscales.

For accounting purposes ecosystems are definedlation to spatial areas with each area
considered an ecosystem asset. Thus, ecosysterts asge spatial areas containing a
combination of biotic and abiotic components arfteotharacteristics that function together.

It is widely recognised that ecosystems are suliecomplex dynamics. The propensity of
ecosystems to withstand change, or to recoverdip ithitial condition following disturbance

3 Convention on Biological Diversity (2003)
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is called ecosystem resilience. The resiliencenoéeosystem is not a fixed, given property,
and may change over time, for example, due to stesydegradation (e.g. timber removal
from a forest) or ecosystem enhancement (e.g. ghronanagement of wetlands). These
complex dynamics make the behaviour of ecosystesna #unction of management and
natural disturbances difficult to predict.

Key conceptual relationships in ecosystem acaaing

In common with all accounting systems, ecosysteno@ating is founded on relationships
between stocks and flows. The stocks in ecosystemuating are represented by spatial areas
each comprising arecosystem asseEach ecosystem asset has a rangesaafsystem
characteristics— such as land cover, biodiversity, soil typeitudie and slope, etc — which
describe the ecology and location of the ecosystem.

In the SEEA Central Framework, measurement of extemsy assets sits as part of the
measurement of environmental assets. “Environmestgts are the naturally occurring living
and non-living components of the Earth, togethenmaising the bio-physical environment,
that may provide benefits to humanify.Environmental assets are considered from two
complementary perspectives either as individualirenmental assets such as mineral and
energy resources, timber resources, land, and wedeurces; or as ecosystems where many
individual components are considered to functigetber within spatial areas.

Chapter 5 of the SEEA Central Framework describesaccounting relevant for individual
environmental assets. SEEA Experimental Ecosystegodnting discusses accounting for
the second perspective on ecosystem assets. Waile is significant overlap in the coverage
of ecosystem assets and individual environmentgtasthere are two types of differences.
First, some individual environmental assets, paldity mineral and energy resources, are not
assets that interact as part of ecosystem proceswkdence are not considered part of
ecosystem assets. Second, the accounting for dhdivienvironmental assets in the SEEA
Central Framework only considers their role in jdaw material and energy inputs to the
economy. In accounting for ecosystem assets, adbraange of flows from the individual
assets and their joint functioning is considered.

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

Second, there are flows reflecting that peoplegugh economic and other human activity,
take advantage of the multitude of resources andegsses that are generated by ecosystem
assets — collectively these flows are knowneagsystem serviceEcosystem services are
generated from the combination of ecosystem cheriatits, intra-ecosystem flows and inter-
ecosystem flows.

4 SEEA Central Framework 2.17
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Figure 2.1 presents the basic relationships ofstioeks 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 betweewsystems and economic and human
activity. The model also recognises the strong eotions between ecosystem assets both in
terms of ecosystem processes and in terms of egebBaof economic products and other
social interactions that cross spatial boundaries.

Figure 2.1 Basic model of ecosystem stocks and flew

Ecosystem asset Ecosystem asset

Ex¢hanges of products &
social interactions Economic & other
*  human activity

Economic & other
human activity >

A

Ecosystem services
Ecosystem services
|
Ecosystem processes

Ecosystem processes
rd \.__.
Intra-ecosystem flows Ecosystem d!ara:tpd’sucs

& ,——— oy _\; "

i

Inter-ecosystem flows

From a measurement perspective, ecosystem accgudatinses (i) on the flows of ecosystem

services to enable improved understanding of thHatioeship between ecosystems and
economic and other human activity; and (ii) on $teck and changes in stock of ecosystem
assets to enable an understanding of changes systems and their capacity to generate
ecosystem services in the future. In general, tliereo direct focus on intra- and inter-

ecosystem. Instead, the impact of changes in th@ss are captured implicitly in measures

of ecosystem assets and ecosystem services.

The remainder of this sub-section summarises thsicbmodel. Additional detail relating to
the definition and measurement of ecosystem sexénd ecosystem assets is presented in the
remaining chapters.

Ecosystem services
A model for ecosystem servites

Ecosystem services are important in the ecosyst&muating framework since they provide
the link between ecosystem assets on the one lawadthe benefits used and enjoyed by
people on the other. Hence they are at the intéosecf the relationship between ecosystems
and human activity which is the focus of the enwimental-economic accounting described in
the SEEA.

®> The model of ecosystem services developed for SEf#erimental Ecosystem Accounting is based omgela
literature related to this topic. An annotated iogptaphy is included in Annex 1.
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2.18 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 mostlusefconsider ecosystem services in the
context of a chain of flows that connect ecosysterith well-being. The overall model is
shown in Figure 2.2.

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

() The products produced by economic units (eogdf clothing, shelter, entertainment, etc).
These are referred to &NA benefitsas the measurement boundary is defined by the
production boundary used to measure GDP. This dedbenefits produced by households
for their own consumptioh.

(i) The benefits that accrue to individuals theg aot produced by economic units (e.g. clean
air and water). These benefits are referred tooasSNA benefiteeflecting that the receipt of
these benefits by individuals is not the resultaof economic production process defined
within the SNA. A distinguishing characteristic Wween these two types of benefits is that, in
general, SNA benefits can be bought and sold oketmwhereas non-SNA benefits cannot.

Figure 2.2 General model of flows related to ecosysn services

Individual and societal well-being

SNA and non-SNA
Benefits

Human inputs (e.g. labour, /\

produced assets)

Ecosystem services

Ecos*_»_-’stem Processes

characteristics Intra-ecosystem flows Inter-ecd

ECOS}_’SEeﬂl asset

® The relationships between benefits and well-beirgnot the focus of the SEEA and hence are rictiated.

" SNA benefits as defined for ecosystem accountmgat incorporate flows of operating surplus, iagty rent
and dividends that may also be considered benefddroader economic context.
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In SEEA Experimental Ecosystem Accountimgosystem 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 some flowg #ra considered ecosystem services in other
contexts, in particular intra- and inter- ecosystitows that relate to ongoing ecosystem
processes, commonly referred to as supportingcsviWhile these flows are not considered
ecosystem services, they are not ignored in theusmting model and are considered as part of
the measurement of ecosystem assets.

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

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

For non-SNA benefits there are usually few humanuis in their generation and hence the
ecosystem service and the associated benefit maffact, be equivalent (e.g. the benefit of
clean air from the ecosystem service of air filtmatby trees and other plants).

Ecosystem services do not relate only to casesapfekt or extraction of materials from
ecosystems. Ecosystem services also relate toetherg functioning of the ecosystem (e.g.
air filtration services from trees providing cleain) and to the characteristics of an ecosystem
(e.g. the physical structure and composition of main landscapes providing wonderful
views). Thus the term “services” is used here irabwencompassing manner covering these
various ways in which humans relate to ecosystems.

Ecosystem services do not represent the compldteofsfiows from the environment.
Important examples of other environmental flowdude the extraction of mineral and energy
resource, energy from the sun for the growing opsrand as a renewable source of energy,
and the movement of wind and tides which can bducag to provide sources of energy.
More broadly, the environment provides the spacevitich economic and other human
activity takes place and the provision of space meyconceptualised as an environmental
flow. Collectively, these other environmental flowse referred to aabiotic services The
relevant boundary issues are discussed furthehapter 3.

The final step in the series of flows related tosystem services is the recognition that
ecosystems do not function only to generate ecesyservices. Therefore, the multitude of
ecosystem flows and characteristics that constigutieinctioning ecosystem must also be
accounted for. This is done by accounting for estesy assets.
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Figure 2.3 Broad model of flows in ecosystem accotimg
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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 envinemt, 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 prewichore detail regarding the relevant
measurement boundaries that need to be definednsaree appropriate accounting for

ecosystem services.

Central concepts in measuring ecosystem asset

Ecosystem assets are gspatial 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 afcosystem condition
andecosystem exterffecond, ecosystem assets are considered in t¢éerpected ecosystem
service flowsIn general terms, the capacity of an ecosystesetas generate a basket of
ecosystem services can be understood as a furmfitme condition and the extent of that
ecosystem.

There will not be a neat or simple relationshipwsstn these two perspectives, rather the
relationship is likely to be non-linear and var@ldver time. Consequently, a variety of
measures of ecosystem assets is heeded for a ¢erapgmssment.

Ecosystem condition and ecosystem extent

Ecosystem condition reflects the overall quality of an ecosystem asset, in terms of its
characteristics. The assessment of ecosystem condition involves digtinct stages of
measurement with reference to both the quantity caradity aspects of the characteristics of
the ecosystem asset. In the first stage it is sacgto select appropriate characteristics and
associated indicators of changes in those chaistater The selection of characteristics and
indicators should be made on scientific basis ghal there is assessment of the resilience,
vigour and organisation of the ecosystem assets,Timovements in the indicators should be
responsive to changes in the resilience, vigouraagdnisation of the ecosystem as a whole.

In the second stage, the indicators are normaliseal common point in time. The chosen
point in time reflects a reference condition. Thare a number of conceptual alternatives to
determine a reference condition that are describe@hapter 4. The use of a common
reference condition for all indicators within aroegstem may allow an overall assessment of
the condition of the ecosystem asset.

Measures of ecosystem condition are generally dewchpin relation to key ecosystem
characteristics (e.g. water, soil, carbon, vegatatibiodiversity) and the choice of
characteristics will generally vary depending oa thipe of ecosystem asset. There will not
usually be a single indicator for assessing thditgjuaf a single characteristic.

Ecosystem extent reflects the area of an ecosystem asset. For an ecosystem as a whole the
concept of extent is generally considered in teofrerea, e.g. hectares, for particular types of
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land cover. Changes in the mix of different langars within a defined spatial area may be
important indicators of changes in ecosystem assets

Expected ecosystem service flow

Expected ecosystem service flow is an aggregate measure in physical terms 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 expectéetbafsprovisioning, regulating
and cultural services from an ecosystem asset. r@ignethe basket of ecosystem services
would be based on current patterns of use.

Because the generation of some ecosystem servigel/es the extraction and harvest of
resources, and since ecosystems can regener@&epdtessary to form expectations on the
amount of extraction and the amount of regeneratian will take place, and on the overall

“sustainability” of human activity in the ecosysteio form these expectations information

concerning likely changes in ecosystem conditiamdgiired.

More broadly, there are likely to be relationsHig$ween the condition of an ecosystem asset,
its pattern of use, and the expected basket ofystamm services. Thus while ecosystem

condition may be assessed without considering messof ecosystem services, the

measurement of ecosystem assets in terms of thpacty to generate ecosystem services
must involve assessment of ecosystem condition.

Changes in ecosystem assets

Measures of ecosystem condition and extent, andsumes of expected ecosystem service
flows are all stock measures at a point in time.attounting, they are most commonly

measured at the beginning and end of the accoupgnigd. Often however, there is greater
interest in measuring changes in ecosystem agsdtewing the logic of the asset accounts
described in the SEEA Central Framework, accountingies may be defined which reflect

the different additions to and reductions in ansgstem asset over the course of an
accounting period.

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

However, for accounting purposes, there is mosr@st in recording and attributing the
changes over an accounting period to various caliséle context of ecosystem accounting
there is interest in changes due economic and hwuiyity as distinct from natural causes,
and changes due to extraction distinct from regsiger. Two particular accounting entries in
this context are ecosystem degradation and ecosystdancement. A description of these
and other changes in ecosystem assets is providedapter 4.

8 This concept is akin to the concept of the progrectapital stock as developed in the context oftifactor
productivity analysis. The productive capital staskhe measure of an asset at a point in timernmg of the
aggregate number of efficiency units of capitalEms that an asset is expected to deliver ovdifetime.
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Units for 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. Boundaries for specific yxtesns are generally drawn on the basis
of relative homogeneity of ecosystem charactegsand in terms of having stronger internal
functional relations than external ones. Howevbegsé boundaries are often gradual and
diffuse and a definitive boundary between two est&ays may be difficult to establish.
Further, ecosystems may be very small or very largkoperate at different spatial scales.

Statistical units are the entities about which iinfation is sought and about which statistics
are ultimately compiled. It is the unit that proesdthe basis for statistical aggregates and to
which tabulated data refer. The statistical uniteecosystem accounting are spatial areas
about which information is collected and statistice compiled. The statistics pertain to the
characteristics of the ecology and location of eosgstem (see para 2.4) and its services. In
compiling accounts, it may be necessary to collgirmation about biological components
(e.g. trees, animals, etc.), but statistical ufdtsthe measurement of these characteristics are
not articulated here. For a country or region thtaltarea is generally subject to little change
and the main interest of ecosystem accountingriessessing changes within a total area.

The units model consists of three different typésumits: basic spatial units (BSU), land
cover/ecosystem functional units (LCEU) and ecaswystaccounting units (EAU). The
following sub-sections describe each type of urtie BSU, LCEU and EAU do not delineate
an ecosystem per se although the LCEU may fit mlosely with common conceptions of an
ecosystem. However, ecosystems are multi-facetddiapending on the purpose of analysis
may be delineated spatially in different ways.

Basic spatial units

A basic spatial unit (BSU) is a small spatial ar&deally, BSU should be formed by

delineating tessellations (small areas e.g. f)ktypically by overlaying a grid on a map of

the relevant territory, but they may also be lamdcpls delineated by the cadastre. Grid
squares, ideally each one being a BSU, are detidett be as small as possible given
available information and landscape diversity.

Each BSU should be attributed with a basic senfdrmation. The most common starting
point for this attribution process will be infornmat on the location of the unit and land cover.
This basic information is then extended with infatran relevant to the purpose of the
account being compiled. For example, relevant m#tion may include ecosystem
characteristics such as soil type, groundwaterureges, elevation and topography, climate
and rainfall, biodiversity, the degree of connettio related areas, current land uses, location
relative to human settlement, and the degree afsaitaility to the area by people.

This set of information may be extended to includermation on the generation of different
ecosystem services from the BSU such that the B&Wrepresent the level at which all
relevant information for ecosystem accounting &iraBated and organised. Since ecosystem
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services are often generated over areas larger ahsingle BSU a method is required to
attribute information to the BSU level. This isss@liscussed in Chapter 3.

If possible, information on any associated econommits, e.g. land owners should be
attributed to each BSU (which may be straightfodvarhen using land parcels and the
cadastre). This range of information recognises widle each BSU is a mutually exclusive
area, it exists within a number of systems thataipeat varying spatial scales. The link to
economic units is discussed further in sub-se@i8rb.

Land cover/ecosystem functional units

The second type of unit is the land cover/ecosystenttional unit (LCEU). For most
terrestrial areas an LCEU is defined as the sebnfiguous BSU satisfying a pre-determined
set of factors relating to the characteristics apédration of an ecosystem. Examples of these
factors include land cover type, water resourcebsail type. A particular feature is that the
set of BSU that comprise an LCEU should be seeopasating in a relatively joint manner
and independently from neighbouring LCEU.

The resulting LCEU would commonly be considerecdeansystem or biome noting that these
concepts are not strictly able to be defined puialyspatial terms. Following standard
approaches to statistical classification, BSU wodokdclassified to particular LCEU on the
basis of a pre-dominance of characteristics withim BSU. This is akin to classifying an
enterprise to a particular industry based on theedmminance of a particular economic
activity in that enterprise.

LCEU will vary in size depending on the situationa given country. Also, not all countries
will have all types of LCEU. For the purposes ofio@al level ecosystem accounting it is
appropriate to consider only a limited set of LCEldsses. Various studies and reports (e.g.
CBD, MA, UK NEA) have used different classificatiomut all using terms that may be
considered commonly understood (e.g. forests, wa$lagrasslands, coastal areas).

A more rigorous approach that may better suit thepgses of international comparison for
ecosystem accounting has been developed basedeoRA® Land Cover Classification

System, version 3 (LCCS 3) (FAO, 2009). This apphoases as its starting point the Land
Cover Classification presented in the SEEA Cerfir@mework Chapter 5 (which is also
based on LCCS 3) and combines these into class¢sate optimised for the analysis of
changes in land cover and land use. A provisioetabt15 classes is shown in Table 2.5.

At any point in time, all LCEU should be mutuallyctusive, i.e. all BSU should be within
only one LCEU. However, over time as changes id lemver 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

For smaller scale analysis, it may be relevantridentake accounting for a single LCEU.
There may also be interest in aggregation of in&diom about specific types of LCEU, e.g.
concerning all open wetlands in a country or region
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Table 2.5 Provisional Land Cover/Ecosystem Functiaa 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 apjma¢ion to ecosystems in spatial terms in the
way that ecosystems are commonly envisaged. Howaverder to more fully adapt LCEU
to ecosystems types it is likely to be necessamllta for variations in climatic conditions,
geophysical conditions, and land use. In relatmrand use, for some purposes it may be
relevant to cross—classify LCEU by the extent tacltthe area is considered influenced by
human activity. Thus types of LCEU (e.g. Forestgyrbe considered as reflecting natural,
semi-natural, agricultural or other types of ectays.

No definitive classification of ecosystems is pdrd in the SEEA Experimental Ecosystem
Accounting. Progressive experimentation in the tmraent of ecosystem accounts in

various countries may reveal a consistent coreetasses that can be developed into an
ecosystem classification in the future.

Ecosystem accounting units

The delineation of an EAU is based on the purpdsmalysis and should therefore take into
consideration administrative boundaries, enviroraananagement areas, large scale natural
features (e.g. river basins) and other factorsvegleto defining areas relevant for reporting
purposes. Overall, EAU should be relatively largeaa about which there is interest in
understanding and managing change over time. Caeady, EAU should be fixed or largely
stable spatial areas over time.

Depending on the size of the country there may be@rchy of EAU building from smaller
reporting units to the national level. For examgiarting 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 higlna&cal EAU structure.

A specific concept that has been developed that Imeayseful in the delineation of EAU is
socio-ecological systems. Areas defined as soaipgital systems integrate ecosystem
functions and dynamics as well as human actividied the range of interactions of these
components.
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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 recognilfferent hierarchies of EAU. For
example, a set of EAU may be delineated based oninigtrative regions, a second set may
be based on catchment management areas, and a¢hirday 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. rmgldome administrative regions with some
catchment areas) since this would imply the agdimgaf “non-matching units”.

Figure 2.4 provides a stylised depiction of thetiehships between EAU, BSU and LCEU
where, in this case the BSU are defined by gricasegi Attribution of BSU to EAU and to
LCEU should be based on predominance. Note thafpivssible for a number of LCEU types
to be present within a single EAU and for a singBEU type to appear in various locations
within an EAU.

Figure 2.4 Stylised depiction of relationships beteen EAU, BSU and LCEU
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Units in relation to ecosystem services

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

of ecosystem services. In this sense there is rectdanalogy between the BSU and an
establishment in economic statistics that undestaksingle kind of activity.
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In addition, it is likely that many ecosystem seed are generated over a larger spatial area
than a single BSU or, at least, are measured oeasdarger than a single BSU. Given this, it
may be useful to map sets of BSU that are reletatiie 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 need be the case. It is possible that some
ecosystem services are generated in a single BgUdqu@tural services from a local fishing
spot).

Although the generation of ecosystem services nag place over varying spatial areas
depending on the ecosystem service, a useful merasat starting point may be to consider
the ecosystem services generated within an LCEUWicBlarly for provisioning and cultural
services, an LCEU is likely to provide a useful tsdaboundary for the measurement of
ecosystem services. Maps of ecosystem service a@remay be useful tools in delineating
LCEU by providing an understanding of concentratiofirelated ecosystem services.

Relationship to economic classifications

The cross-classification of BSU information withoaomic units is central to assessment of
the relationship between ecosystem services, emwsyassets and economic activity. The
application of ecosystem related information tostiems 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 explm, land use or ownership (cadastres). If
this detailed linking is not possible then broadesumptions may be used for example by
linking information on land cover and land use ®UB

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

It is noted that the beneficiaries of the ecosystemices may be the land user or owner, or, it
may be people living nearby (as in the case ofiltiation) or populations at large (as in the

case of carbon sequestration). Further, in specdiges 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 protgatsmhydrological services.

Issues in the delineation of units

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

databases in Geographic Information Systems (GI®ese databases should contain
information such as soil type and status, watedetabrainfall amount and pattern,

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

In presenting accounts for ecosystems at a natiewel, the geographic scope of the accounts
should be clearly stated. Often, the scope maynhieet to terrestrial areas but there may be
good reasons to extend coverage to incorporatenmaiieas under the control of a national
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administration. In the context of the SEEA thisieemed to extend to the country’s Exclusive
Economic Zone (EEZ). Particular care should be rtakedefining the treatment of coastal
ecosystems that straddle terrestrial and marin@sarédditional considerations in the
delineation of statistical units for coastal areaayine environments and rivers are discussed
in an annex.

The delineation of units for the atmosphere shawgldtonsidered in the context of delineating
BSU. It is suggested that each space above a BStdimidered a unit of atmosphere with
this space constituting an “air volume”. Dependiog the purpose of the account any
information about the quality of the air or its for(e.g. presence of greenhouse gases) may
then be attributed to the terrestrial BSU belowcdmising atmospheric characteristics of
BSU may be useful in, for example, the organisatibrinformation on topics such as air
pollution.

The boundaries of a country’s atmosphere shoulgnaliith the terrestrial and marine
boundaries used in the ecosystem accounts. Thwsuid consist of all air volumes directly
above that stated scope of the accounts, potgntiatito the limit of the EEZ.

Ecosystem accounting tables

To provide a basis for understanding the naturecokystem accounting described here, this
section describes some possible ecosystem accqutditles. 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 desigmeagive a broad sense of the potential of
ecosystem accounting to organise information aceosange of areas and from multiple

perspectives. They are experimental in design dmlld serve as a starting point for

compilers. The population of these tables and ptssxtensions to them are discussed in
Chapters 3 and 4.

Tables for ecosystem services

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

The analytical intent is to examine trade-offs lesw ecosystem services within a given area.
In this regard it is relevant to recall that certacosystem services may be competing with
other services while in other cases the ecosystewices are generated in tandem. Further,
analysis should be undertaken in the light of waisocial and ecosystem contexts that may
be affecting the reported area.

Table 2.1 shows a basic table for reporting infdromaon 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 notadl e ecosystem services shown in Table 2.1
will not be measured using the same physical @mitshence totals across different ecosystem
services are not shown. Further, given that thexg Ibe some uncertainty in the measurement
of particular ecosystem services, for presentatipogooses it may be useful to show entries
in the tables in terms of up and down arrows.
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Aggregation across different ecosystem services bwmywndertaken in different ways, all
requiring some assumptions regarding the relatmportance of the different services.
Chapter 3 contains a description of possible eitessof the basic table shown below and
approaches to aggregation. Possible measurememiaghps for some of the most commonly
measured ecosystem services are presented in ar.ann

Table 2.1 Physical flows of ecosystem services fm EAU

Type of LCEU

Ag Urban| Forest| Wetlands

Type of ecosystem services (b

CICES)

Provisioning services

Regulating services

Cultural services

24.2
2.77

2.78

2.79

Tables for ecosystem assets

Because of the range of concepts involved in thastmr@ment 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 @leframework. Most important are
measures of the area of different LCEU which mayéeeloped along the lines explained for
land cover accounts (see SEEA Central Framewor{ddes.6).

Basic information concerning indicators of ecosysteondition may be compiled in basic
resource accounts (e.g. for timber, water, sodl). éintries relating to the relevant quantities
and volumes for these individual resources are ritest in detail in the SEEA Central
Framework. The extension that is likely to be reggiifor ecosystem accounting is the spatial
disaggregation of information from asset accouotgtese resources with specific recording
of inter-ecosystem flows.

Relevant information from these sources togetheh vaidditional indicators for specific
ecosystem characteristics may be presented in la ®lth as Table 2.2. The data are
structured by type of LCEU noting that in a giveAUEthere is likely to be a mix of different
LCEU types.

Table 2.2 Measures of ecosystem condition and exteat end of accounting period

Ecosystem Characteristics of ecosystem condition
extent Vegetation Biodiversity Soil Water
Area Indicators (e.g| Indicators (e.g.| Indicators Indicators
Leaf area| species richness, (e.g. soil| (e.g. river
index, biomasg relative fertility, soil | flow, water
index) abundance) carbon, soil| quality, fish
moisture) species)

Type of LCEU

Forests

Agricultural land

Urban areas

Inland water bodies
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Measures of ecosystem condition should cover thie mepects of each ecosystem type that
affect the ongoing functioning and integrity of #heosystem. The listed aspects of vegetation,
biodiversity, soil, water and carbon are indicativdy. The selection of characteristics and the
development of indicators for ecosystem conditioousd be completed in close consultation

with ecologists and other scientists.

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

Table 2.3 presents a basic structure for informatio expected ecosystem service flows. As
for the measures of ecosystem services shown ite ab, 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 akatf expected flows over an ecosystem life.
However, in situations where “sustainable” useam@g made of the ecosystem, the estimation
of total expected flows is not possible. It is @fere proposed in the table that the
measurement be in terms of expected flows per geting that this may be greater or less
than an independently derived estimate of a “soakde” flow. Measures of expected
ecosystem service flows should be clearly linkethtoflows of ecosystem services shown in
Table 2.1.

Table 2.3 Expected ecosystem service flows at erfdaccounting period

Expected ecosystem service flows per year

Forests Agricultural land Inland water bodig

7]

Type of ecosystem services (by

CICES)

Provisioning services

Regulating services

Cultural services

2.83

2.5
2.84

25.1
2.85

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

General measurement issues in ecosystem accaumt

This section introduces a number of general measeme issues that may arise in the
compilation of ecosystem accounts: (i) the intdgrabf information across different spatial
scales, (ii) benefit transfer and the scaling ahdéii) gross and net recording, and (iv) the
length of the accounting period. They are primafisactical issues but are important
considerations in setting up a framework for ectsysaccounting following the general
model outlined in this chapter.

The integration of information across differat spatial scales

A primary objective of ecosystem accounting is deselopment of information sets for the
analysis of ecosystems at a level suitable foidthelopment of public policy. Consequently,
consideration must be given to collecting and tioipinformation pertaining to a range of
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ecosystems across a region or country. Followiagdard statistical practice, the central
element in the integration of information is thdimkation of statistical and reporting units.
The units model for ecosystem accounting of bgsatial units (BSU), land cover / ecosystem
functional units (LCEU) and ecosystem accountingitsunfEAU) should provide a
comprehensive coverage of areas within a country.

The information used to characterise statistical eporting units provides important data
that can be used to aggregate and disaggregatesagnits. For example, BSU may be
attributed with standard variables such as areafath and elevation, in addition to being

classified to a particular land cover type. Consadly, different units of the same land cover
type may be constructed, compared and differewtitiitsough consideration of these types of
variables. For example, high rainfall and low ralhforest may be compared.

This approach is analogous to the definition otsufdr economic statistics. Economic units
are commonly characterised by the number of pespleloyed in addition to being classified
to a particular industry. Thus, when aggregatingpgs economic units it is possible to take
into account not only the type of activity but algbether 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 laagkd surveys of land cover and land use,
or from a combination of these sources.

Where data gaps exist in terms of ecological, lasd 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 cob&ldesigned and the characteristics would
also form the basis for aggregations. For exangraps of BSU related to the water cycle
could be constructed with information about catchtaefloodplains, wetlands and rivers.

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

Benefit transfer and the scaling of data

The statistical approach described above to dealittginformation at different spatial scales
relates strongly to common approaches used in #asarement of ecosystems referred to as
benefit transfer methods. Benefit transfer methuaige developed because a large amount of
information on ecosystems is established for imtligi sites. Therefore, to develop
information for other sites or over larger areais inecessary to consider how the available
information may be best used (assuming that additialata collection is not possible or
cannot provide complete coverage).

Three aspects of benefit transfer are noted herst, Falue transferwhich involves using
information from a specific study site and devetgpiestimates for a target or policy site.
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Second,scaling up which involves using information from a study s&ed developing
information for a larger area that has similar elegaristics. Thirdmeta-analysisvhich is a
technique for assessing a large volume of inforomatin various study sites and integrating
the information to provide factors that can be useastimate information in target areas
taking into account various ecosystem charactesisti

SEEA Experimental Ecosystem Accounting recommeridg & rigorous description of
statistical units following standard statisticahglice be undertaken before an aggregation of
information to regional or national levels takeaqa. 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 line stéindard approaches in official statistics.

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

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

effectiveness of downscaling techniques will be siderably enhanced through the
development of a comprehensive set of informatianddferent statistical units across a
region or country. It is also noted that for sonagiables a purely technical downscaling may
need to be supplemented with the use of additiomalels 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 agdeehas 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 tegnass and net are also used to describe
different aggregates that have related but diffeme@asurement scopes.

As far as possible, the terms gross and net arigledyon the descriptions presented in the
SEEA Experimental Ecosystem Accounting. This iseridied 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 ‘graosrms 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 asiljesand 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 y&hrs length suits many analytical
requirements (although often quarterly accountsaége compiled) and also aligns with the
availability of data through business accounts.

While one year may suit analysis of economic tremaslysis of trends in ecosystems may
require information of varying lengths of time dagang on the processes being considered.
Even in situations where ecosystem processes caanblysed on an annual basis, the
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beginning and end of the year may well differ frdhe year that is used for economic
analysis’

Although considerable variation in the cycles ob®cstem processes exists, it is suggested
that ecosystem accounting retain the standard egiocreccounting period length of one year.
Most significantly, this length of time aligns witthe common analytical frameworks for
economic and social data and, since much econondcsacial data are compiled on an
annual basis, the general integration of inforrmat@ best supported through the use of this
time frame.

Consequently, for the purposes of ecosystem aciogyrit may be necessary to convert or
adjust available environmental information to a coon annual basis using appropriate
factors or assumptions.

Measures of ecosystem assets should relate tqpdng and closing dates of the associated
accounting period. If information available for thrposes of compiling accounts for
ecosystem asset does not pertain directly to tHases then adjustments to the available data
may be required. In making such adjustments anmhitertaking analysis, an understanding of
relevant seasonal and longer natural cycles witelogired.

Relationship of SEEA Experimental Ecosystem Aounting to the SEEA Central

Framework

2.102

2.103

2.104

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

First, SEEA Experimental Ecosystem Accounting ed¢ethe range of flows measured in
physical and non-monetary terms. The focus in tBE/A Central Framework is on the flows
of materials and energy that either enter the emgnas natural inputs or return to the
environment from the economy as residuals. Manthe$e flows are also included as part of
the physical flows recorded in ecosystem accour(éng. flows of timber to the economy). In
addition, SEEA Experimental Ecosystem Accountingudes measurement of the ecosystem
services that are generated from ongoing ecosygt@messes (such as the regulation of
climate, air filtration and flood protection) andi 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 collectiorfiwood and water for own-use, and the
harvest of naturally occurring products such agi®®r is within scope of the production
boundary defined in the SNA and used in the SEEAt@EFramework. Consequently, these
flows are within the scope of the benefits recordedSEEA Experimental Ecosystem
Accounting.

° For example hydrological years may not align witendar or financial years.
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There are a number of natural inputs recorded énSBEA Central Framework that are not
recorded as part of ecosystem assets or ecosysteioes. These are the inputs from mineral
and energy resources, from excavated soil resquaresthe inputs from renewable energy
sources. In all of these cases the inputs are ortidered to arise from ecosystem processes
and hence, do not constitute ecosystem servicés.bblundary is explained in more detail in
Chapter 3. It is recommended that information aséhflows should be presented alongside
information on ecosystem services and ecosystertsas provide a more complete set of
information for policy and analytical purposes.

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

This broad scope encompasses two perspectivesvinoremental assets. The first, which is
the focus of the SEEA Central Framework is of emwinental assets in terms of individual
resources (e.g. timber, fish, minerals, land, &the second perspective, which is the focus of
SEEA Experimental Ecosystem Accounting, consideeshio-physical environment through
the lens of ecosystems in which the various biosgt®y components (including individual
resources) are seen to operate together as aduaktinit.

Accounting for specific elements, such as carbomtleer environmental characteristics, such
as biodiversity, is covered in SEEA Experimentalo&stem Accounting but these are
specific perspectives taken within the same bicsplay 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 considanatiparticularly concerning marine
ecosystems and the atmosphere. The ocean and rttuspdtere are excluded from the
measurement scope in the SEEA Central Frameworkuisecthe associated volumes of water
and air are too large to be meaningful for anadytmrposes. Their treatment in the context of
ecosystem accounting is discussed in the contestatistical 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 éwimg incorporates measures of
depletion within a broader concept of ecosystenratiion. 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 servigesifeiltration).

Third, the SEEA Central Framework outlines cledHg types of economic activity that are
considered environmental and also describes a rafgeelevant standard economic
transactions (such as taxes and subsidies) thaekmeant for environmental accounting. It

19 SEEA Central Framework, 2.17. This scope is brogden the physical asset boundary used in the SNA
which is limited to those assets that have an eoime@alue in monetary terms. Thus, in the SEEA]aid is
included regardless of its value.
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also shows how these flows may be organised intifumal 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 Fraark has, in principle, a scope that covers
all economic activity related to the environmentliuling protection and restoration of

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

discussion on the appropriate accounting treatriogrgmerging economic instruments related
to the management of ecosystems, for example thelamment of markets for ecosystem
services. There is no specific discussion on tingses of arrangements in the SEEA Central
Framework.

Finally, regarding valuation, the valuation prifef of market prices is applied in SEEA
Experimental Ecosystem Accounting in a manner cbeisi with the SEEA Central
Framework and the SNA. However, since many ecosyservices are not marketed it is
necessary to consider a range of approaches i@bhation of these services and to assess the
consistency of these approaches with the principtearket price valuation.
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Chapter 3: Accounting for ecosystem services in plsical 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, ecosystervices are the contributions of
ecosystems to benefits used in economic and huotatya

This chapter discusses a number of measurememsisslated to compiling information on
ecosystem services in physical terms. The word sfgay’ in this context means “non-
monetary” and measurement in “physical terms” enuasees ecosystem services that reflect
flows of materials and flows of energy, servicdatesl 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 approaconapiling accounts for ecosystem services
is outlined in Section 3.4. Section 3.5 introduegamples of approaches to the measurement
of various ecosystem services.

Measurement boundaries and characteristics otesystem services
Types of ecosystem services

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

generate a range of ecosystem services thus aativigbto the generation of a number of
benefits. In some cases the ecosystem servicemayoduced “in tandem”, such as when
forest areas are preserved and provide air fittnagiervices and opportunities for recreation
and walking. In other cases the ecosystem seraiegsbe in competition, such as when forest
areas are logged thus providing the benefits dbeirbut 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, buildimg a number of large ecosystem
service measurement projects, three broad intematly agreed categories of ecosystem
services are used:

(i) Provisioning services relating to the materialst than be harvested from an
ecosystem (such as the harvesting of timber frawests);

(i) Regulating services relating to natural processesh(as the benefits from clean air
that has been filtered in the environmé&n@nd

(iiiy Cultural services arising from human interactiothwiature (such as benefits from
recreation).

" These services are often also referred to asatggland maintenance services.
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A Common International Classification of Ecosyst8arvices (CICES) is under development
and provides additional detail within these broamlgs. Section 3.3 presents CICES in more
detail.

Commonly, ecosystem services are conceptualiseéerims 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 complementaw is to consider the private and
public nature of the benefits. In terms of the gatien of ecosystem services that contribute
to private and public benefits three situations lamescribed.

() First, there are ecosystem services that are gedermom economic assets
(including land and natural resources) that argapely and 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.

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

(i) Third, there are ecosystem services that are gewlefsom areas that are not
privately owned or managed and contribute to theegdion of public benefits (e.g.
protected areas including national parks and soarinmareas).

Together, the second and third cases comprise Nénkgnefits as described above. From an
ecosystem accounting perspective, accounting fer gdacond case is perhaps the most
problematic since in this case the public benefitslikely to be produced unintentionally by a
private producer. The consequence is that for amggconomic asset, particularly land, it is
necessary to consider both SNA and non-SNA benafitsthe ecosystem services related to
each of these types of benefits. This is most eglein accounting for ecosystems in monetary
terms, for example for wealth accounting, whereatiditional stream of benefits (in the form
of public benefits) needs to be associated witlvapei values of assets that are already
included in the standard national accounts.

Measurement boundaries for ecosystem services
Supporting services

Chapter 2 noted that the definition of ecosystemices excludes the set of flows commonly
referred to as supporting services. These inclotta-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 homeaand 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 eeasyst

In concept, as described at a high-level in Chahtéris possible to describe a series or chain
of flows linking various intra- and inter-ecosysteffows with ecosystem services and
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subsequently to benefits. For certain analyses,pfiimg” this chain may be particularly
important in order to assess the ecosystem widdidatipns of specific decisions, for
example to understand the impact of increasingdsarmf timber from a forest. In practice, the
complexity of ecosystem processes means that dledketand 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 W@atilt. However, in accounting terms the
distinction is important. Without the distinctiolet measurement process may aggregate both
ecosystem services and supporting services andcegoestly overstate the contribution of
ecosystem services in the generation of benefits. differently, the supporting services
should be seen as an input to the ecosystem semwitieh are therefore embodied in the flow
of ecosystem services to benefits. Adding togethpporting services and ecosystem services
therefore represents a double counting of the itartion of supporting services.

Biodiversity and ecosystem services

The relationship between ecosystem services antivieisity is complex. On the one hand,
biodiversity is a core characteristic of ecosystemd is a fundamental aspect of ecosystem
processes that support the generation of all etarsyservices. In addition, people also value
species diversity and/or the protection of rarecg®independent of the role of these species
in supplying other ecosystem services.

In general, in the SEEA, biodiversity is considegecharacteristic of ecosystems and hence is
best accounted for as part of the assessment sf&em assets — in particular as part of the
assessment of ecosystem condition. Falling leviehsaaliversity will generally correspond to
falling levels of ecosystem condition. However,rthenay be certain aspects of biodiversity
that may be considered important final outputs tre$e should be recorded as appropriate.
For example, ecosystem services should be recagniben iconic species, such as the giant
panda, provide cultural services.

Section 4.5 presents an extended discussion oruieg for biodiversity. The material
highlights the range of information that is avaiéaim relation to biodiversity and explains the
ways in which this information may be organisedptovide information on biodiversity
directly and for the purposes of ecosystem accognti

Abiotic services

As noted in Chapter 2, ecosystem services do poesent the complete set of flows from the
environment that contribute to economic and humetivity. Important examples of other
environmental flows include the extraction of madesind energy resource from underground
deposits, energy from the sun for the growing opsrand as a renewable source of energy,
and the movement of wind and tides which can bduceg to provide sources of energy.
More broadly, the environment provides the spacavitich economic and other human
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activity takes place and the provision of space meyconceptualised as an environmental
flow. Collectively, these other flows from the eronment are referred to as abiotic services
and contribute to many SNA and non-SNA benefits.

The boundary between ecosystem services and abatiices is defined by the scope of the
processes that are relevant in their generatiois tonsidered that ecosystem services are
generated as a result of bio-physical, physico-et&@mand other physical processes and
interactions within and between ecosystems — heough ecosystem processes. Abiotic
services are not generated as a result of ecosystarasses.

The measurement of abiotic services is coverechapr 3 of the SEEA Central Framework
in the discussion of natural inputs. (Natural irgpalso include flows that are included as part
of ecosystem services). No additional discussiorthenmeasurement of abiotic services is
presented in SEEA Experimental Ecosystem Accounting

The importance of recognising abiotic services iosgstem accounting lies in the
organisation of information for the assessmentltdraative uses of land. Most commonly
there are trade-offs that can be made betweenusesl and in considering these trade-offs a
limitation to ecosystem services would be too narrdhe consideration of both ecosystem
services and abiotic services provides a more cammEssessment framework. Examples of
where these trade-offs may arise include caseseanthere may be use of agricultural land to
establish mining operations, or cases where ro@dexended into native vegetation.

Accounting for flows related to joint productionarbps and other plants

In recognising a chain of flows between human Wwellhg and ecosystems, the critical point
in the chain for accounting is where the ecosystemnvice ends and the benefit begins. In
some cases this point can be clearly defined buélation to crops and other plants where
there is a complex joint production involving ecs®n services and human inputs,
determining the distinction between ecosystem eervand benefit may not be

straightforward.

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 stdnddes by which the contribution of
ecosystems can be measured is difficult. To datentain approaches have emerged to define
a boundary for accounting purposes. The first agglianeasures the ecosystem services as
equivalent to the amount of the crop that is haegsirrespective of the extent of
management of the growth of the crop.

The second approach distinguishes between theteoftemanagement of growth by defining
some crops as natural and some as cultivated fiolipsthe 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 eguhke amount of crop that is harvested.
Where the crop growth is cultivated, the ecosysiemices are equated to the combination of
nutrient cycling, abstraction of soil water, po#ltton and other ecosystem processes involved
in the growth of a plant that a grower utilisesdombination with other inputs (labour,
produced assets, fertilisers, etc). In either Hitnmathe measured ecosystem service still
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represents the input “purchased” from the ecosysterie grower and hence the ecosystem
service remains the final output of the ecosystem.

For ecosystem accounting there are a range ofrfatt@onsider

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

(i) Second, as part of describing the chain of flows likely to be relevant to organise
the information according to the type of managenwnharvest technique being
applied. For example, there are likely to be qdiféerent ecosystem effects from
the use of small fishing boats compared to large/lers even though the benefit
extracted (fish) may be the same in both cases.ouxting for changes in
management and harvest technique may be an impdidans for ecosystem
accounting.

(i) Third, the purpose of the analysis may influence thoice of measurement
approach. For national level assessment it mayuffecient to focus only on the
harvested products whether they are cultivated aiural while for ecosystem
service specific analysis a different boundary naynore relevant.

Recognising the need for measurement boundary tdrdogn for accounting purposes, the
proposed approach for SEEA Experimental Ecosysteroénting is the second approach
that recognises a distinction between natural afiivated growth processes. This proposed
approach provides a measurement boundary for emsyservices that aligns with the SNA
production boundary and also the boundary for thasgification of Natural Inputs as

described in the SEEA Central Framework. Imporyartie principles of the approach can be
applied consistently across different types ofieated biological resource (e.g. for crops,
orchards, livestock, etc).

However, it is recognised that this approach isauohpletely consistent with many existing
approaches to measuring ecosystem services —donm® MA and TEEB. In these exercises
the ecosystem service boundary for crops has bmgated to the crops themselves, while for
livestock the ecosystem services is the same goged above being equal to the grass eaten.
In concept, the approach used in MA, TEEB and ostedies, uses principles relating to the
removal of biotic resources from an ecosystem rathan consideration of the SNA
production boundary.

As noted above, whatever measurement boundarystblhbsen, in practice it may be difficult
to articulate and measure all of the various edesysprocesses for different cultivated
biological resources. Hence it may be pragmatiapply the harvest approach for cultivated
crops and other plants. This assumes that theusfiows such as pollination, nutrients and
water that input to the growth of the mature crapaoimal are effectively proxied by
recording the flows of the harvested product. Rtedi that the joint production function
remains relatively stable (in terms of the degreawnan and ecosystem involvement) then
this assumption may be reasonable.
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3.2.3 Other measurement issues

3.25

3.26

3.27

3.28

3.29

Defining volumes of ecosystem services

Ecosystem services are defined as the contribatidrenefits and hence should be measured
only when SNA or nhon-SNA benefits can be identifi€dus, if there are no users there can be
no ecosystem service flows. Consistent with thémtment, the volume of any ecosystem
service will rise as the number of users increaBes.example, a walking track in a forest
provides more cultural services as the number opleeusing the track increases. This result
reflects the starting point for accounting for giem services being the use of ecosystems in
economic and other human activity.

As a result of this logic, in concept, there may rixe ecosystem services from a given
ecosystem asset during an accounting period. Haw@vwemains relevant to assess such an
ecosystem asset for two reasons. First, there raayd capacity for an ecosystem asset to
provide ecosystem services in the future and hemeasures of the asset and changes in the
asset are relevant. Second, although an ecosystssh @may not provide ecosystem services
directly, it may contribute important inter-eco®yst flows as part of the ecosystem processes
that generate ecosystem services in other ecosystémderstanding these dependencies is an
important part of accounting for all ecosystem &sse

“Storage” of ecosystem services

For some ecosystem services such as those relatirthe 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 resewrcailable for use are not harvested
during an accounting period and may increase thrawajural regeneration or replenishment.
In accounting terms, these “unused” ecosystem &es\are recorded as increases in the stock
of the relevant natural resources (as part of theasurement of ecosystem assets). In
subsequent accounting periods these higher levedsook are available for future use and
should only be recorded as ecosystem servicesednp#ériod in which they are actually
harvested. In effect, part of an ecosystem asgeésents an inventory of natural resources
that may be increased or decreased through rediemeoa extraction.

Disservices

From a societal perspective there may often beoouts from ecosystem processes that are
seen as negatives (e.g. pests and diseases). ddwgestem disservices often originate from a
combination of ecosystem processes and adverse rhumanagement. In part, these
disservices are included in the ecosystem acconrdas indirect manner, for example when
agricultural pests lead to declines in ecosystesetasand a reduced supply of ecosystem
services. However, other disservices that direethter the production or consumption
functions of households, enterprises and goverrsnémy. natural pathogens having an
impact on health) are not accounted for in theni&n 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 thatynindustries take implicit advantage of
these disservices (e.g. manufacturers of pesticddspharmaceuticals) and hence the nature
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of the connection between any particular disseraicé overall individual and societal well-
being is likely to be difficult to establish. Alsty some extent, increases and decreases in the
levels of disservice may represent normal fluctuetiin ecosystem processes and perhaps
might best be reflected in accounting for changesciosystem assets. Overall, more work is
required to understand and account for disservisithin the ecosystem accounting
framework presented here.

Scale

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

Spatial location of beneficiaries

3.31 The generation of ecosystem services is assumdxk table to be attributed to particular
ecosystem assets whose spatial area is known. Howiels not necessarily the case that the
users of the ecosystem services are located isattme spatial area. This is particularly true of
regulating services and cultural services wherebtirgeficiaries may often live in cities and
large urban areas while the services are geneiatetosystems away from these areas.
Although a simple assumption regarding the locatibthe beneficiaries cannot be made, it is
important in accounting for ecosystem services #tgmpts are made to understand the
location of beneficiaries. This information is neddo ensure that changes in the population
of beneficiaries are taken into account in measgutire volume of ecosystem services. They
should also be taken into account when developstgnates of ecosystem assets since
measures of expected ecosystem service flows wiltdtated to changing populations of
individuals and enterprises.

3.32 For accounting purposes it may be useful to disisty between the area within which the
ecosystem services are generated and the areasidh acosystem services are used. This
may be done by recording imports and exports o$gstem services between different areas.

3.33 The majority of provisioning services are likely be generated and used in the same
ecosystem since it is necessary for the relevatenas to be harvestdd situ. Subsequent
transactions involving the processing, transpantaind sale of harvested materials are the
subject of standard economic accounting and arethmtfocus of ecosystem accounting
presented here. At the same time the linking ofgstem accounts and standard economic
accounts is facilitated through the use of the SHEaework and hence extensions to
analyse the relationship between ecosystem services a more complete series of
transactions, including international trade flowsy be developed.
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Flows of ecosystem services between countries

There are two dimensions to discuss concerning sflamf ecosystem services between
countries. First, non-residents visiting a courdrg likely to use ecosystem services and,
similarly, residents visiting another country aileely to use ecosystem services from the
country visited. These flows of ecosystem servioay be recorded as imports and exports of
ecosystem services as appropriate. Of particutaréat may be provisioning services related
to fish caught in non-resident waters. This shdagdtreated as an import of an ecosystem
service in the accounts of the country undertakltigfishing.

Second, there are likely to be inter-ecosystemdl¢imat cross country boundaries. Flows of
water via major rivers are a particular example.déscribed, inter-ecosystem flows are not
flows of ecosystem services however these flowsllshbe recorded as part of a complete
accounting for ecosystem assets. For accountingopas they may be identified separately
from inter-ecosystem flows within a country but theerall 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 thebroader picture of ecosystem accounting
by providing a structure to classify those flowdimed as ecosystem services. It does not
provide a structure to classify ecosystem asset®system processes, ecosystem
characteristics, abiotic services or benefits. Fag13 in Chapter 2 places all of these parts of
ecosystem accounting in context.

At the broadest level three different categoriegadsystem services are distinguished in the
SEEA: (i) provisioning services; (ii) regulatingréiges; and (iii) cultural services.

(i) Provisioning servicegeflect contributions to the benefits produced dayin the
ecosystem, for example a fish or a plant with plaeatical properties. These
benefits may be provided by agricultural systensswall as within semi-natural and
natural ecosystems.

(i) Regulating servicés result from the capacity of ecosystems to regutdimate,
hydrological and bio-chemical cycles, earth surfgrecesses, and a variety of
biological processes. These services often haveémgortant spatial aspect. For
instance, the flood control service of an upperersited forest is only relevant in the
flood zone downstream of the forest.

(i) Cultural servicesrelate to the intellectual and symbolic benefitattpeople obtain
from ecosystems through recreation, knowledge opveént, relaxation, and spiritual
reflection. This may involve actual visits to aearindirectly enjoying the ecosystem
(e.g. through nature movies), or gaining satisfectirom the knowledge that an
ecosystem containing important biodiversity or adt monuments will be preserved.

2 Regulating services are also commonly referred tsegyulation and maintenance services”.
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3.38

These three types of ecosystem service form thieebiglevel of the Common International

Classification of Ecosystem Services (CICES). Tabligresents the higher levels of CICES
and experience to date suggests that at this ewsatithe structure of CICES can be used in a
range of situations. The table also provide exampfeecosystem services that are considered
to be within each group without attempting to bbastive. Examples of related benefits are
also shown in the final column. The CICES presemtethe SEEA is provisional and it is
anticipated that it will be developed and refineeerotime as accounting for ecosystem

services develops further.

Table 3.1 Three levels of 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, |shells, skin and bone for further processing in the
straw, flax, skin, bone algae) to be harvested for manufacturing industry (e.g. fertiliser and chemicals) or
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 aquaculture)
'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, filtration and sequestration of pollutants 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
Maintenance of soil fertility and structure in the Improvement of soil fertility and productivity in the
Regulation of physico-chemical |Pedogenesis 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.;
Landscape and seascape character and biodiversity Increase health level; increased number of visitor in the
Non-extractive recreation species for hiking, bird recreation tourism industry
Physical or experiential use of Scientific progress (e.g. such as pollen record, tree ring
ecosystems [environmental Landscape character and biodiversity species for scientific |record, genetic patterns); Increase knowledge (e.g. subject
setting] Information and knowledge research and education matter for wildlife programmes and books) etc.
Spiritual & symbolic Landscape character and biodiversity species for cultural
heritage values, sense of personal and group identity Increase sense of personal and group identity, national
Intellectual representations of (sense of place), spiritual and religious function, etc. symbol, performance of spiritual and religious functions.
ecosystems [of environmental Ecosystem capital for future generation of ecosystem Availability of biodiversity and ecosystem services to future
settings] Non-use services. generation.
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3.39 There are three important boundaries in relatioBIES.

3.40

3.41

3.4
34.1
3.42

3.43

(i) First, abiotic services are excluded. Where rele¥an analysis, estimates of these
flows may be appended to presentations showingystara services.

(i) Second, supporting services are excluded. Theme 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 depgratdintheir place in the chain of
ecosystem flows. However, CICES is a classificatibrihose flows that have been
defined as “final” ecosystem services and henceldhoe used only to classify these
flows.

(i) Third, consistent with the proposals in Section 12he case of cultivated crops and
other plants, the “final” ecosystem services ar¢ the crops or other harvested
products. Rather they are flows related to nutsiemtater, and various regulating
services, such as pollination.

If a choice is made to use an alternative bounétarthe measurement of ecosystem services
related to crops and other plants, then some atitaptaf 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 growththese plants such as pollination,
abstraction of soil water, etc. Put differentlyttib@ollination and harvested crops should not
be combined in a measure of “final” ecosystem sewui This would represent a “double
count” in accounting terms.

The CICES shown in Table 3.1 is provisional. Ituiegs further development to enable a full
articulation of relevant classes, description o# tharious levels including resolution of
boundary issues, and alignment to fit within gehexquirements for statistical classifications.
The further development of the CICES would beriediin testing and use of the provisional
structure in the compilation of estimates of ectaysservices.

Accounting for ecosystem services
Introduction

The aim of accounting for ecosystem services i®rganise information on the flows of

ecosystem services by type of service, by stadistioit, and by economic units involved in

generating and using the various services. In mddit may be relevant to identify the

recipients of both SNA and non-SNA benefits thasearfrom using the contributions of

ecosystem services. This section describes relewaasurement issues including statistical
units, the structure of tables and possible extassilinks to the SNA and the SEEA Central
Framework, and approaches to aggregation.

Following the units model outlined in Section 2a3yseful starting point for the measurement
of individual ecosystem services is likely to betted level of LCEU. For many ecosystem
services this approach will be appropriate sincestnecosystem services will be generated
within the spatial area defined by an LCEU.
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Where an LCEU is completely contained within an EAdJ attribution of observed physical
flows to finer spatial levels, i.e. to BSU, is r@gual for reporting at the EAU level. However,
where either the LCEU crosses an EAU boundary, gradicular ecosystem service is
generated over an area that cross LCEU and EAUdaoigs, attribution of information to the
BSU level will be required in order to permit aggaéon 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 iatiSe 2.5, including the discussion on benefit
transfer. More generally, this is an area of edesgsaccounting in which further testing and
development of methods is required.

Measurement units for ecosystem services

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

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

Cultural services are likely to be measured insurelated to the people interacting with the
ecosystem and using the ecosystem service. Poas#alsurement units include the number of
people visiting a site or the time spent usingdéervice. Also, since the volumes of cultural
services are likely to be related to the conditidrthe ecosystem it may be relevant to use
indicators of changes in ecosystem condition andystem characteristics as indicators.

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

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

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

each service would not be clear.

Possible tables for ecosystem services

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

No row is included to reflect a total flow of diffnt 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 services fam EAU

Type of LCEU

Ag Urban| Forest Wetlands

Type of ecosystem services (by
CICES)

Provisioning services

Regulating services

Cultural services

3.52

3.53

By definition the total generation of a single eeiem service should equal to the total use of
that service. However, the use of the servicesrgéee within a single EAU may not all take
place within the EAU. For example, urban areas bahefit from the air filtration services
provided by nearby forests. It may therefore beirgérest to further disaggregate the
information on the use of ecosystem services byia@parea recognising those services that
are used by people within the EAU and those usegoklople outside the EAU.

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 relatimthe various ecosystem services. Table
3.3 shows a possible way of organising informationthe generation and use of ecosystem
services by economic units. The measurement oétfiews may be of particular relevance in

accounting for ecosystem degradation.

Table 3.3 Generation and use of ecosystem serviéesan EAU

Generation of ecosystem services Use of ecosystamvises

Enterprises | Governmernt Total Enterprises Househaldsovernment| Non- Total
residents

Type of ecosystem
services (by CICES)

Provisioning services

Regulating services

Cultural services

3.54

344
3.55

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 faeild greater understanding of the trade-offs
in the management of given areas of land.

Approaches to aggregation of ecosystem semsc

In the context of ecosystem accounting, aggregdtigalves bringing together information
about a particular spatial area to provide overathsures of flows of ecosystem services.
Three different forms of aggregation can be enwdad-irst, there is aggregation of the
various ecosystem services within a spatial amagfample within an EAU). Second, there
is aggregation of a single ecosystem service acnodigple 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.

47




3.56

3.57

3.58

3.59

3.60

3.61

3.62

3.63

CONSULTATION DRAFT — Do not quote

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

Where aggregation of different ecosystem servisasmdertaken it is necessary to aggregate
flows for each service that are likely to be reeatdising different measurement units. Given
this, aggregation requires some assumptions ragatide relative important or significance of
each of the ecosystem services. This is done laplesting weights that reflect the relative
importance of each service.

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

Using a set of weights two methods of aggregatmrdérive overall measures may be
followed depending on the type of weights beingdus€éhe first method involves the

construction of a composite index. This requiresvesting all physical flow measures into
index numbers representing the changes betweepéviads — 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 theauas service flows are given different levels of
significance.

The second method involves the summation of obensthat 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 amier 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 segates will be limited. It is possible to test the
robustness of the weights themselves through satysiénalysis (i.e. testing the variation in

aggregate values in response to variations in tighting patterns). However, this should not
be seen as a substitute for understanding the pturadamplications of choosing a particular
type of weights. This is especially the case wharsitlering the use of prices.

Beyond the choice of weights the other significessue in aggregation across different

ecosystem services is the extent to which the nmedscosystem services provide a complete
coverage of all ecosystem services. Indeed, pomrage may be a more significant barrier to

meaningful aggregation that the selection of weight

The aggregation of the same ecosystem servicesaoroliple ecosystems will not generally

require dealing with different measurement unitswver, there are measurement challenges
relating to the extent to which an ecosystem serei&n be considered to be of a consistent
character and quality across different spatialsaréan ecosystem service has been measured
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in each area and is considered to be of consigteadity then aggregation is straightforward.
However, often in ecosystem services measuremei#t iitecessary to estimate flows of
ecosystem services using estimates from varioas sihd then to use techniques of benefit
transfer (discussed in Chapter 2) to provide esémdor other areas. In these cases it is
assumed that differences in quality of ecosystawics between areas are taken into account
by adjusting for any variations in ecosystem chiarastics.

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

Measuring ecosystem services

This section provides a general discussion on teasorement 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 ider#tnd 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 bafilsin the measurement concepts.

Table 3.4 List of selected ecosystem services ddised in annex

Name of ecosystem service‘ Description of ecosystemvies

Corresponding benefit

Provisioning Services

Services
production

for crop| Abstraction of soil water, nutrient uptake, pollioa for the growing

of crops, etc

Crops can be consumed directly
further processed.

Fodder for livestock

Rangelands provide fodder (@raserbs, leaves from trees) fprLivestock products (including animals,
livestock meat, leather, milk)

Raw materials including
wood and
forest products

Ecosystems, in particular forests, generate stotkwood and non- Firewood, logged timber, non-timber
timber forest products that may be harvested. Nuober forest| forest products.
products include for instance rattan, various fgdducts, genetig
materials, ornamentals, and pharmaceutics.

non-timbe

Fish and other aquati

¢ Marine and other aquatic ecosystems provide sto€ksh and other,

and marine species from species that can be harvested.

marine and inland water:

b

Fish and other species can be consu
or further processed.

ned

Water

drinking water production

Ecosystems filter and store water that candsel as raw material fgr Drinking water

Regulating Services

Carbon sequestration

Ecosystem sequester and atbxanc

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 present physical space and landscaperefeapeople

Recreational benefits

3.66

for tourism and| enjoy, to watch or undertake activities in (hikiegcling)
recreation
Provisioning services

Provisioning services should be the most amenabhegasurement as many of the indicators

relate to currently measured aspects of econontigitygc 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 floeksted to these cultivated resources.
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Regulating services

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

These other conditions and factors are called, tfier purpose of SEEA Experimental
Ecosystem Accounting, ‘enabling factors’. These béing factors differ for the various
regulating services. Note that these enabling factwe typically not an attribute of the
ecosystem, and they are not reflected in measdresasystem capital. Nevertheless, these
factors need to be understood, quantified and decbrbefore physical and monetary
guantification of the ecosystem service can takeel

The delivery of regulating services is commonly arsteasingly affected by land use choices
made by economic units and society generally. Abcal level the delivery of regulating
services may be affected negatively by the remof/&kegetation, for example. Equivalently,
the delivery of regulating services may be enharimgdhe planting of vegetation or the
protection of existing vegetation. Thus, while thgulating services themselves are generated
from ecosystem processes, the extent of their eiglican be materially affected by human
activity.

Cultural services

Cultural services are more difficult to define thamovisioning and regulating services since
they reflect the nature of human relationships wettosystems rather than more direct
extraction of resources or use of ecosystem presedst the same time there are some
cultural services that are quite obvious, partiduléourism and recreation services, and the
benefits that arise from these services are oftemaortant part of economic activity.

For those cultural services that are not withinpgcof the SNA production boundary, the aim
is to measure the amenity or utility that peopleviefrom the landscape. For many people,
particularly indigenous peoples, this may be stipsgiritual and cultural. In general terms,
the extent of these services will be a functiorhoman access to the ecosystem (perhaps
based on the number of people interacting withettasystem, either directly or remotely) and
the quality of the ecosystem and surrounding laayoksc

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 setoofsystem services for inclusion in
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ecosystem accounting exercises. The potentialdidiasio measure ecosystem services at the
national scale, both in physical and in monetaryngg differs strongly between different
ecosystem services. These differences occur ddéfevences in data availability, different
methodological constructions, and different comiplex related to scaling up and aggregating
physical and monetary units associated with ecesystervices. In addition, there may be
different policy priorities for analysing ecosystservices.

To facilitate the selection process of ecosystemvices in ecosystem accounts, a list of
criteria for ranking ecosystem services with regaudtheir potential suitability for inclusion
in ecosystem accounting is presented in Table 8&@b The applicability of the criteria will
differ between countries and the list should bersezindicative only.

Table 3.5 Criteria for prioritization of ecosystemservices for accounting purposes

Criterion

Brief explanation

Environmental Concerns

1 Sensitivity of the service to changes in the emrment, including| Consideration may be given to services that areitsang
from anthropogenic stressors. to environmental change / well reflect changesatural
capital stocks.
2 Likelihood of irreversible loss of ecosystem segs including by| Consideration may be given to services that

the supplying ecosystem being pushed past a signifithreshold
and out of its “safe operating range”.

generated from ecosystems that are generally uioders

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
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. iGeration may be given to those services {

generate the highest economic benefits.

Data and methods

5

Availability of broadly accepted methods for azihg ecosystem
services supply in physical terms at a high agdregdevel

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

Availability of broadly accepted methods for arzithg ecosystem
services supply at a high aggregation level in rnaoyeerms

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

Availability of data for measuring ecosystem &9 in physical
terms

Producing national level accounts will often requ
scaling up estimates of ecosystem services to ianaat
level based on underlying spatial data. Both poastell
data and spatially explicit data (e.g. land cossils,
water tables, ecosystem productivity, etc.) areired to
analyse a service at the national level.

Availability of data for measuring ecosystem &&® in monetary
terms

Plans to generate new data on ecosystem sestipesy

A firm intent or high likelihood that new\éronmental
monitoring will provide essential data.

are

can

hat

ich

ich

ir

3.74
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Environmental concerns, data availability and polaontexts 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 asfpaenalard economic accounts. A focus on
these services is useful to understand the relathmortance of the connection between
economic activity and ecosystems.

As part of broadening the coverage of ecosystericgs measurement two areas that may be
considered for particular focus concern water aran.
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Data on water resources is often available, ini@dar regarding the production volumes of
drinking water and to some extent irrigation watdowever, the link between ecosystem
management and water provisioning is less cleath wegards to such aspects as water
purification in aquatic ecosystems or in the swoiter storage in ecosystems in upper
watersheds, etc. Given the economic importance atEwsupply and the declining water
resources in many parts of the world, including thérvice in ecosystem accounts may be a
priority in many countries. A challenge is to bettenderstand, in particular at high
aggregation levels, the infiltration, purificatiand storage processes involved.

Recent years have seen a strong increase in interthe carbon related ecosystem services of
carbon sequestration and the storage of carboneTid@ 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 Emissidrom Deforestation and
Degradation) market mechanisms means that thetleas increasingly, information available
on markets related to carbon. Given the broad esteand the increasing availability of
methods and data relevant for this service, thigiee has a high potential for inclusion in
ecosystem accounts.

A challenge with regard to these ecosystem senigctssaccount for both the storage and the
sequestering of carbon. Storage and sequesterngadraligned. A high carbon stock may
mean that sequestration is limited because theta®ge is close to its maximum biomass
under the ecological conditions pertaining in tregtipular area. A low carbon stock may
mean that there is scope for additional sequestrd#.g. in a recently cut forest with intact
soil fertility), but this does not need to be tlase (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 equaiyhato all ecosystems, with relatively much
data available for forests, and relatively few datalakes and coastal systems. There may
also be data and/or methodological constraintdaelto analysing carbon sequestration in
degraded forests and in forest/landscape mosaicthdf discussion relating to accounting for
stocks and flows of carbon is presented in Chapter
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Chapter 4: Accounting for ecosystem assets in physil terms

Introduction

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
and ecosystem extentSecond, ecosystem assets are considered in tefnexpected
ecosystem service flowln general terms, the capacity of an ecosystesatas generate a
basket of ecosystem services can be understoodusetion of the condition and the extent
of that ecosystem.

There will not be a neat or simple relationshipwssn these two perspectives. Rather the
relationship is likely to be non-linear and varmlolver time. Fortunately, for the purposes of
the SEEA Experimental Ecosystem Accounting, it ® mecessary to build complete
ecosystem models and measure every possible stacRaaw. Rather, what is needed is to
identify the most relevant aspects of ecosystenetassom the perspective of providing
aggregated information for measuring trends andpewing ecosystem assets for policy and
analytical purposes.

With this in mind, the approach outlined here ivedl (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 informateamclusions may be drawn about the
overall condition of the ecosystem and its capatitygleliver ecosystem services based on
expected patterns of ecosystem use. In additiangusformation on flows of ecosystem
services as described in Chapter 3, expected deosyservice flows based on expected
patterns of ecosystem use can also be estimatsgdsg®ments of ecosystem degradation and
ecosystem enhancement can be made using informatie@tosystem condition and extent,
and expected ecosystem service flows.

The challenge in applying this approach is to ithgrhe 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.

This chapter outlines ways in which this indireppeach to the assessment of ecosystem
assets may be carried out within an accountingctre. In Section 4.2 the main concepts
used in ecosystem asset accounting are definegedtion 4.3 the steps required to compile
information on ecosystem assets are describeddimgudiscussion on the aggregation of
various indicators. The final two sections sumneascounting for two specific aspects of
ecosystem asset accounting where measurement & adeanced — accounting for carbon
(Section 4.4) and accounting for biodiversity (8&tt4.5). Additional material on these
topics is included in an annex.
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General approaches to assessing ecosystemtasse

The assessment of ecosystem assets is considemrgtampass measurement of three key
concepts: ecosystem condition, ecosystem extemwt, expected ecosystem service flows.

These concepts were introduced in Chapter 2. dsos provides additional discussion of

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

made between the measurement of ecosystem condaitidnextent 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 most
focus will be on determining areas and changesréasaof various LCEU (e.g. forests,
wetlands, etc).

Measures of ecosystem condition are compiled in ste@es. First, a set of relevant key
characteristics such as water, soil, vegetatiooditersity, carbon, nutrient flows, etc are

selected and various indicators concerning theaeacteristics are chosen. Generally, there
will not be a single indicator for assessing a l&ruparacteristic.

The selection of characteristics and indicatorsughe made on scientific basis such that
there is an overall assessment of the qualitighefecosystem such as its resilience, vigour
and configuration. Thus, movements in the indicagdrould be responsive to changes in the
resilience, vigour and configuration of the ecosgstas a whole.

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

In the second stage of measurement, the indicatereelated to a common point in time. The
chosen point in time reflects a reference conditibhere are a number of conceptual
alternatives available to determine a referencalition. One approach from the perspective
of accounting is to measure changes in conditiomfthe beginning of the accounting period.
Thus, when compiling accounts for any given acdognperiod, the measure of change in
condition should refer to the change from the beigip of the period to the end. This
reference condition is sufficient for accountingrgeses but is limited in providing an
assessment of the relative condition of multiplesgstem assets since all are assumed to
have the same condition at the beginning of thonger

Alternatively, a reference condition of particuiarportance for ecosystem accounting relates
to the degree of human influence within an ecosystéhis may also be expressed as a
condition reflecting an ecosystem which is reldtivendisturbed or undegraded, or should
reflect a situation in which the ecosystem is ilatree stability. For example, long standing
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agricultural areas may be considered to be econyassets that are relative stable in terms of
significant recent human influence.

A patrticular benefit of using reference conditigeghat ecosystems that are naturally more
structurally diverse or species rich (e.g. tropiahforests) are not necessarily assessed as
having higher condition compared to ecosystemsat@naturally less structurally diverse or
species rich (e.g. Arctic tundra).

Where all of the relevant indicators are normalisgedhe same point in time (usually by
setting the values of the indicators equal to ltQBbat time) it is possible to make an effective
comparison of changes in the ecosystem as a wiletddive to the reference condition.
Further, by using the same point in time for muldtipcosystem assets, it is possible to make
assessments of the relative condition of diffeemuisystem assets. In this regard it is likely to
be most relevant to select a point in time befagmiicant patterns of recent landscape
change were in evidence. Selecting more recenbgeras reference conditions would
effectively normalise ecosystem assets that magerdrom relatively natural to relatively
human influenced.

While reference condition accounting leads to theording of ecosystem condition scores
between 0 and 100, these scores cannot be usetfeto whether the condition of the
ecosystem is good or bad. Ecosystem condition magsessed independently of the use of
an ecosystem bug, priori, any given level of condition is not necessaritypd or bad.

In this context it is relevant to distinguish aemefnce condition from what may be regarded as
a target condition. A target condition is one tlsatletermined as a function of economic,
environmental and social considerations and reflact explicit or implicit preference for a
particular use of an ecosystem. Ecosystem accaumnties not involve the use of target
conditions. The use of a reference condition tlmeedoes not imply that all ecosystems
should, ideally, have a condition score of 100.hRata reference condition provides a
comparison point that can be scientifically assgeser time.

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

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

such that, where the condition of particular chimmastics falls below relevant thresholds, the
whole ecosystem may be in danger of collapse. @hiégh degrees of human influence, the
actual condition scores may be of particular redeea Measures of ecosystem condition thus
permit the consideration of the resilience of estays.

Measures of changes in ecosystem condition anahtegtevide an indirect measure of intra-
and inter- ecosystem flows since changes or dignptin these ecosystem flows, for
example due to changes in land use within an etasyswill be reflected in measures of
ecosystem condition. Measures of ecosystem conditiml extent should therefore take into
account relationships and dependencies betweepsensassets.

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 overahh@ds in ecosystem condition. At the same
time, it is not considered that measures of charngescosystem extent can be used as a
substitute for measuring changes in ecosystem tondi
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Assessing expected ecosystem service flows

The second perspective on ecosystem assets foonsassessment of the capacity of an
ecosystem asset to generate an expected combirfatitmasket) of provisioning, regulating
and cultural services from an ecosystem asset.UBecthe generation of some ecosystem
services involves the extraction and harvest ofousses, and since ecosystems can
regenerate, it is necessary to form expectationv®@mamount of extraction and the amount of
regeneration that will take place, and on the divésastainability” of human activity in the
ecosystem.

Moreover, expected ecosystem service flows are rdbge upon assumptions regarding
future use patterns. In general there will be défees 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 etasyservices 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 alternatiaed uses. In this context it is also possible
to develop scenarios of ecosystem asset use théitriiee” the flow of ecosystem services
from a given ecosystem asset. However, the devedapwf optimised scenarios is not the
purpose of ecosystem accounting in the SEEA.

There are generally relationships between the tiondof an ecosystem asset, its pattern of
use, and the expected basket of ecosystem serVicas.while ecosystem condition may be

assessed without considering measures of ecosgatemnces, the measurement of ecosystem
assets in terms of their capacity to generate stesyservices must involve assessment of
ecosystem condition.

It is not necessarily the case that ecosystems mgittively lower condition will generate
fewer ecosystem services. However, there is likelybe a close relationship between
reductions in condition on the one hand, and thegaciédy of an ecosystem to generate
ecosystem services sustainably on the other. Addhee time, a change in condition may lead
to a decrease in the capacity to supply some sVt 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 obthiand broader measures of economic and
human activity. Thus measurement of expected etarsyservice flows is important in the
consideration of trade-offs between ecosystem sesviand, more broadly, between
alternative land uses. Because of the general fkamkein which ecosystem services sit (see
Figure 2.3) this expected flow perspective on tteasurement of ecosystem assets can be
combined with a broader assessment of both ecosystevices and abiotic services that may
be generated from a given spatial area.

Assessing changes in ecosystem assets

An important accounting objective is the measurdn@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
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and the different perspectives on the measurenfemtasystem assets open up a number of
considerations.

Ecosystem degradation and ecosystem conversions

In general terms, ecosystem degradation is theindedh an ecosystem asset over an
accounting period. Ecosystem degradation will b#ected in declines in ecosystem
condition and/or declines in expected ecosysteniceflows. Since there may not always be
a linear relationship between the condition of aosgstem and the expected flows of
ecosystem services, the measurement of degradakionld involve the following two
conditions:

(i) That ecosystem degradation covers only the detlimxpected ecosystem service
flow due to economic and other human activity +¢fhe excluding declines due to
natural influences and events (e.g. forest firdsuvricanesy

(i) That declines in expected ecosystem service floveratthere is no associated
reduction in ecosystem condition should not be id@med ecosystem degradation
(e.g. whereceteris paribus provisioning services from forests decline beeaofs
reduced logging due to fall in expected output gmjcor declines in cultural
services due to a rise in national park entry fees)

This approach to conceptualising ecosystem dedoadist particularly relevant in situations
where the extent of an ecosystem asset does nogehaver an accounting period, or
alternatively, when the composition of an EAU imte of areas of different LCEU does not
change. However, where the extent and composifi@m @cosystem asset changes (e.g. due
to deforestation to create agricultural land) tbesequences for ecosystem degradation are
less clear. These types of changes are referrasl €gosystem conversions.

From one perspective, the use of an area of landraalternative purpose may result in a
decrease or an increase in expected ecosystenteflows. If it is the former then an
argument may be made to call this decrease degvadddowever, since an effect of
ecosystem conversions is for there to be incréasseme ecosystem services and declines in
others, the comparison of expected ecosystem sefteivs may be difficult since it involves
the comparison of two different baskets of ecosystervices.

An alternative approach in cases of ecosystem eeioves is to focus only on changes in
ecosystem condition in the area within the ecosysieset that has been converted. Thus, it
may be considered that ecosystem degradation oeduegever an ecosystem conversion
results in a lowering of ecosystem condition rekatio a reference condition. Then,
irrespective of the impact of a conversion on eige@cosystem service flows, it may be
relevant to record ecosystem degradation to refiecoverall decline in condition due to
human activity.

A third perspective on ecosystem degradation facume the more general question of
whether the change in the extent and conditiomnoé@system is so significant that it is not

13 Declines due to natural events are recorded isystemn asset accounts but are not considered afart
ecosystem degradation.
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possible for the ecosystem to be returned to santgtkin to a previous condition — i.e. the

change is irreversible. This approach is not foddwin SEEA Experimental Ecosystem

Accounting as it does not fit well within a modehded on assessment of change over
successive accounting periods. Thus, recordingadiegion only at the time where it was

known that the situation was irreversible wouldklake transparent, ongoing recording of

change in ecosystem assets that is one goal iysteas accounting.

Overall, while there is a general recognition teedsystem degradation reflects a decline in
an ecosystem asset, the precise application ottirisept may vary depending on the nature
of the change in the ecosystem asset and on tHe etaanalysis. The suggestion for
accounting purposes is to endeavour to record fathe various reasons for changes in
ecosystem assets and, where possible, separatgeshanecosystem extent from changes in
ecosystem condition. It is noted that changes peeted 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 eqosyssets

Ecosystem enhancements the increase in an ecosgssatthat is due to economic and other
human activity. Ecosystem enhancement reflects rdseilts of activities to restore or

remediate an ecosystem asset beyond activitiesraptsimply maintain an ecosystem asset.
As for ecosystem degradation, different measuremenspectives 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.

Other changes in ecosystem assets should alsodoeirded for. Changes due to natural
regeneration and normal natural loss should tak® agcount inter-ecosystem flows (both
into and out of the ecosystem) and implicitly sliordflect the ongoing intra-ecosystem flows
since it is these flows which underpin the regeti@ngprocess. For some purposes it may be
useful to explicitly account for certain inter-egstem flows to highlight dependencies
between ecosystems (e.g. flows of water betweemsystems). It may be the case that
reductions in inter-ecosystem flows reduce the cipto generate some ecosystem services.

Other considerations in the measurement of chaifgesosystem assets

A particular feature of ecosystem assets is that traturally regenerate. Regeneration means
that they may provide the same ecosystem serviges an indefinite length of time.
Consequently, it is possible over the long term dor ecosystem to have no ecosystem
degradation — i.e. the expected flow of a giverkbhsf ecosystem services is unending.

Measurement of the degree of ecosystem regenesdtmrid take into account normal annual
variation in the generation of ecosystem servitmsexample due to wetter or drier years. It
is noted that from an accounting perspective, eifethe intended management of an
ecosystem is such that there are ongoing flows gifzan level of ecosystem services (e.g.
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through the sustainable management of fisherieshaduld not be assumed that the actual
flow of services is equal to the intended leveseivices.

In practice, consistent with the measurement ofdépletion of biological resources, it is
necessary to account for both reductions in expeet®system service flows due to human
activity (most commonly through the extraction dradvest of biological resources) and the
increases in expected ecosystem service flowsn@cessarily of the same services) due to
natural regeneration of the ecosystem. To the extet the reductions are greater than the
increases then ecosystem degradation should belegto

If, over an accounting period, the increases dueatoral regeneration are greater than the
reductions due to human activity, then ecosystegradiation should be zero and the excess
of regeneration should be shown as an additiogdsystem assets.

Links to standard asset accounting

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

The standard asset accounting model focuses amgie sisset (most commonly a produced
asset) and estimates an expected flow of bendfitei(ms of capital services) that accrue to
the user/owner of the asset over a given peridiohaf (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 contstateroduction.

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

First, ecosystem assets can regenerate withoutrhumaalvement. Produced assets must be
created (produced) new each time.

Second, a single ecosystem asset may generatagdrgskets of ecosystem services over a
series of accounting periods. For produced assgty) 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 usertlod asset changes and the asset is used in
different industries. Thus a computer continuepriavide computer services whoever uses
the computer.

Third, the ecosystem services from an ecosystert asgy 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. Bjlyicthe capital services are simply an
input into a production function internal to an emprise that ultimately leads to the
production of products. While the products may bastmed by multiple users, the capital
services are consumed only by the enterprise .itself

59



4.45

4.46

4.3
43.1
4.47

4.48

4.49

4.3.2
4.50

CONSULTATION DRAFT — Do not quote

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 lefseise relative to capacity. Permanently

underused produced assets are assumed not to Ineocoover a business cycle whereas for
ecosystem assets such situations can easily arise.

These four distinctions require the standard assebunting model to be adapted for the
purposes of accounting for ecosystem assets. Thdaetations highlight some, often
implicit, assumptions that are made in standardtasounting 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 arenifee to provide a starting point for
experimentation in compilation rather than provigdaefinitive methodological guidance. All
of these ecosystem asset tables are designed ¢oagiiroad 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 betweendhieus characteristics. This is discussed in
Section 4.3.4. As a matter of compilation practide recommended that focus be placed first
on the description and measurement of the releghatacteristics before consideration of
aggregation.

From the statistical units model outlined in Chagethe ecosystem accounting unit (EAU)

is the most applicable unit for the measuremeneadsystem 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 organidermation 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 madtievel, i.e. across multiple EAU and
various types of LCEU, it is likely to be most ugefo develop a common set of data and
indicators for particular ecosystem characterisiicslifferent types of LCEU. Further, it is
likely to become apparent that there are some cterstics of ecosystems, notably soil,
biomass and water, that are common and essentillénsosystems.
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Given the spatial diversity and heterogeneity afsgstems, ecosystem asset accounts will
generally need to be developed in a GIS contexthotigh the specific datasets will need to
be determined on a country basis, there are a nuofbkasic resource accounts that are
fundamental to ecosystem accounting and will typigeeed to be developed in each country.
These include among others: (i) land accountscéifbon accounts; (iii) water accounts; (iv)
soil and nutrient accounts; (v) forest accounts] én) biodiversity accounts. A number of
these accounts are described in the SEEA Cenaaié&work.

Accounts for assessing ecosystem extent

To commence the process of assessing ecosysterts asagseful starting point is the
organisation of information concerning ecosystenemx Of particular interest in this regard
are land cover accounts as described in Chaptdr theoSEEA Central Framework. For
ecosystem accounting purposes the definition ofctegories of land cover should align
with the definition of types of LCEU which may tak@#o account factors other than purely
land cover. Nonetheless the general guidance offérethe SEEA Central Framework
provides a starting point for compilers in thisaare

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

A potential area of extension concerns the compitadf land cover change accounts. These
accounts reconcile estimates of the area of cdaathcover types between the beginning and
end of an accounting period. The change betweeth tmver types can be organised to
highlight particular sources of change such as rdsfation, urban expansion, etc. Such
accounts may be of significant use in the derivattb measures of ecosystem degradation
where the cause of the ecosystem change is ofcplartirelevance. A land cover change
account builds on the information contained in adlaover change matrix (as shown in
SEEA Central Framework Table 5.6.4), which indisataly the changes in land cover over
time rather than considering the human and natawaes 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 respusccounts containing information on
opening and closing stocks and changes in stoakinflividual resources such as timber
resources, soil resources, water resources, etowkng the SEEA Central Framework all of

this information can be structured in asset account

Table 4.1 presents a basic resource account farwatis structured to show opening and
closing stocks of water resources and the addi@msreductions in water resources over an
accounting period. Similarly structured accounts loa compiled for other resource types. An
important extension of the asset account strudiureecosystem accounting purposes is to
record inter-ecosystem flows. These entries wowquire the development of resource
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accounts that are spatially specific — i.e. retatma particular EAU — and information at this
level of detail is likely to be of particular rel@vce in ecosystem accounting.

Table 4.1 Physical asset account for water resoursécubic metres)

Total

Type of water resource
Surface water

GroundwaterSoil water
Atrtificial
reservoirs

Lakes Rivers andGlaciers, sno\

streams and ice

Opening stock of water resources 1500 2700 5000 100 000 500 109 700
Additions to 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 4317
Discoveries of water in aquifers
Total additions to stock 1478 585 20 240 752 23015 46071
Reductions in 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 1360 335 20 968 563 22962 46188
Closing stock of water resources 1618 2950 4272 100 189 553 109 583

4.57  Although not shown in the SEEA Central Framewohleré may be particular interest in the
development of basic resource accounts for oth@pgiical resources — such as significant
animal and plant species. For this informationrahis likely to be a link to the development
of accounts for biodiversity which is discussedniore detail in Section 4.5.

4.58 Table 4.2 provides a structure for organising imfation on ecosystem extent and condition
for various LCEU within an EAU at the beginning end of the accounting period. The
characteristics that are shown are purely illusteaind will apply to the assessment of
condition in different LCEU to varying degreesidtrecognised, for example, that there may
be overlaps between the characteristics of vegetaind biodiversity, but in a systems
context such overlaps are inevitable and hencee therst be detailed consideration of the

relevant bio-physical relationships in the selattié characteristics.

Table 4.2 Measures of ecosystem condition and extext end of accounting period

Ecosystem Characteristics of ecosystem condition

extent Vegetation Biodiversity Soll Water

Area

Indicators (e.g
Leaf area
index,
biomass, mear
annual
increment)

Indicators

(e.g. species
richness,
relative
abundance)

Indicators (e.g.|
soil  organic
matter content
soil carbon,
groundwater
table)

Indicators
(e.g.
flow,
quality,
species)

river
water
fish

Type of LCEU

Forests

Agricultural land

Urban areas

Inland water bodies
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For each characteristic there are likely to be mlmer of relevant indicators. For example, for
water it may relate to pollutant content, numbed afiversity 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 tndic® 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 de4cribes the key aspects of
accounting for carbon.

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

Each of the indicators included in a table suchlable 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 oghtigig procedure. Issues related to
aggregation are considered in Section 4.3.4

Accounting for changes in ecosystem condition

Building on Table 4.2, which shows indicators obggstem condition at a point in time, it
may be instructive to accounts may be compiled Wwtihow the changes in ecosystem
condition over an accounting period. Following th®ad structure of the asset accounts
presented in the SEEA Central Framework, Tablesh@wvs a possible asset account for
ecosystem condition for a single EAU. It is assurtied there are no changes in extent for
any of the constituent LCEU. As for Table 4.2, thdicators used in Table 4.3 are likely to
be in different measurement units.

Determining the estimates of the causes for thé@warimprovements and reductions in
condition may be difficult. Consequently, it may bseful 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 relatecktative size of the changes.

4 When accounting in monetary terms, the standaitdofimeasure is the currency of the country. The af
this measurement unit ensures a consistency aneraote through the reporting across different et
(sales, profits, wages, etc). Such standard uitReasure do not exist across the various physiegsures
hence the requirement for an accreditation of measent.
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Table 4.3 Changes in ecosystem condition for an EAU

Characteristics of ecosystem condition
Vegetation Biodiversity Soil Water Carbon

Opening condition

Improvements in condition

Due to ecosystem enhancemerts

Due to natural regeneration

Reductions in condition

Due to extraction/harvest

Due to indirect human activity

Due to normal natural losses

Due to catastrophic losses

Closing condition

4.65

Accounting tables for expected ecosystem serdess fl

The final area requiring consideration is the meament of expected ecosystem service
flows. Table 4.4 provides a table for recordingreates of expected ecosystem service flows
at a point in time for a single EAU. No aggregatisnpresumed and additional rows are
required for each ecosystem service under congidera

Table 4.4 Expected ecosystem service flows at erfdaccounting 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

4.66

4.67

4.68

Perhaps the key issue on recording entries intaéhie is that it is likely to be most useful to
compile entries in terms of expected flows of estsy services per year rather than in terms
of absolute quantities. Further, for presentatignalposes it may be sufficient to indicate
only whether the flows per year are rising or faglin trends terms (perhaps through the use
of arrows or “traffic light” representations).

In making the estimates of expected flows somenaliae should be made for normal year to
year variation in flows of ecosystem services fearaple 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 4.3 rely on measures ofysta® services and the formation of
associated expectations. In turn, estimates ofaapens require an understanding of the
current mix of ecosystem services and an undersigndf the impacts of changes in

condition and extent on the ability to provide thacosystem services in the future in the
context of the expected patterns of use and cueegystem structure.
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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 pragisng, regulating and cultural services.

For provisioning services, indicators need to wtfleoth the available stock that can be
harvested of the service in question, for insteheestanding stock of timber in an ecosystem,
and the regeneration or growth rate for these stéftk instance the mean annual increment
of timber). In turn, the regeneration or growtheret dependent on the overall condition of the
ecosystem. For instance, forests that are affdstexbil degradation are likely to have a lower
regeneration rate. However, establishing the sigeliiik between regeneration and overall
ecosystem condition is not straightforward, a ramdedifferent variables and complex
ecosystem processes are generally involved. Shesetfactors differ with ecological and
climatic conditions, countries will need to estahlithe relationship between ecosystem
condition and extent, and the capacity to supplysgstem services for the ecosystems in
their countries. Such assessments will normallyiregthe involvement of multidisciplinary
expertise, for instance specific knowledge of foxesand forest ecology in the case of
determining capacity to supply timber over time.

Regulating services are related to ecosystem pgeseand there is no harvest or extraction
involved. Often, regulating services can be linkedgpecific ecosystem characteristics, even
though the sustained supply of services (as irct#se of provisioning services) depends on
the functioning of the ecosystem as a whole. Fstaimce, air filtration involves the capture of
air pollutants by vegetation, and the capacityhef ¢cosystem to trap air pollutants is related
to its Leaf Area Index, i.e. the total surface anédeaves, expressed infper hectare. The
Leaf Area Index is influenced by degradation oratglitation of the ecosystem (e.g. changes
in species composition, or in crown cover), butas necessarily related to the naturalness of
the vegetation.

Typical for regulating services is that the relasbip between ecosystem assets and
ecosystem services often has a spatial aspecingtance, the ecosystem service air filtration
only arises when there are people living in thenavbere air quality is improved. Likewise,
the service flood protection (e.g. by a coral r@emangrove forest) only arises if there are
people living nearby, or there is infrastructurahia zone at risk from flooding. An exception
in this case is carbon sequestration, since thadéinpf one unit of carbon sequestered on the
global climate is the same regardless wherevesdljaestration takes place?

Regulating services will generally have a high igphatariability. 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. Th@as@espect 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 ecosystemubpbis the supply of regulating services
need to be recorded, as well as the relevant festaf the physical or socio-economic
environment in which the service is generated. Téguired resolution depends on the
specific ecosystem service and on data availability

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

Cultural services are highly varied in terms of thipe of services generated and the link
between the services and the ecosystem assetscaflenal services are related to the
attractiveness of an area, which is a functionoofiistance 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 thealed for recreation (which in turn is related
to for example population density, income levets] perhaps to the availability of alternative
tourism destinations). Degradation of an ecosysteminvestments in restoration of an
ecosystem (reforestation, construction of walkirgig, etc.) is reflected in the attractiveness,
but not necessarily in the level of actual serngoevided (i.e. the actual number of visitors).
Note also that recreation and tourism may not beesegarily related to biodiversity or
ecosystem quality. Many visitors enjoy sceneryherpresence of a beach rather than specific
ecosystem attributes.

Aggregation in ecosystem asset accounting

The aggregation of indicators in the context ofsystem asset accounting is focused on
aggregate measures of ecosystem condition and texbecosystem 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.

The approaches to the aggregation of expected stewsyservice flows are analogous to the
aggregation of ecosystem service flows in a siaglmounting period as discussed in Chapter
3. The primary difference is that different weigigtipatterns between ecosystem services may
be relevant to account for a changing relative irfgwe 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 termetes per year.

The approaches to the aggregation of ecosystenitcmdre somewhat different. Depending
on the number of indicators it may be possiblepplyaa 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 numbardicators increases this approach may
be less tractable.

Another approach is to normalise all indicatoreobsystem condition for a given reference
condition at a particular point in time. This isetlsecond 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 benchmadettahe reference condition. Relevant
examples include the measures of water qualithénBuropean Water Framework Directive
and measures of threatened species in the assdssrhadiversity.

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
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indicators at the reference condition may be daterdchthrough 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 itiondscore can be determined based on
changes in the indicator.

In theory, provided the selection of characteristied 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 actuatliion scores for the various indicators.
While there is a clear logic behind the use of iéference condition approach to aggregate
within and across ecosystems, the approach reqtastinig at this scale as it is generally
applied for multiple indicators relating to parti@ucharacteristics (e.g. biodiversity) rather
than across multiple characteristics.

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

Accounting for carbon

Introduction

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 4.4.1 below prefiamtsiain elements of the carbon cycle.
It is these stocks and flows that give the undedycontext for carbon accounting. Of
particular relevance is that there are qualitatiifierences between the different stores of
carbon. Carbon accounting and ecosystem accoumtioge generally must take these
differences into account.

Applying the SEEA accounting principles of compitates and consistency and the SEEA
Central Framework’s approach to accounting fordwssi flows, carbon stock accounts record
the stock changes from human activities at anytpgdong the chain: from their origin in the
geosphere and biosphere to changes in the varidbsopogenic 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 cdlgiridand fill sites; imports and exports) and
as residuals to the environment, including emissitm the atmosphere. Carbon stock
accounts can assist in informing of the implicagiaf policy interventions at any point along
the carbon cycle.
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Figure 4.4.1. The main elements of the carbon cycle
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4.85 The information presented has many uses for potiekers and researchers. Carbon stock
accounts complement the existing flow inventorievedoped under the UNFCCC (UN
Framework Convention for Climate Change) and thetKyProtocol. The carbon stock
accounts presented here also align with the acrwurdgpproach of REDD (Reducing
Emissions from Deforestation and Degradation).lditimh, carbon stock accounts can
provide consistent and comparable information faicges aimed at, for example, protecting
and restoring natural ecosystems, i.e. maintainarfpon stocks in the biosphere. Combined
with measures of carbon carrying capdcitgnd land use history, biosphere carbon stock
accounts can be used to:

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

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

» identify land uses that result in temporary cartemoval and storage.

5 The mass of biocarbon able to be stored in thesystem under prevailing environmental conditiond an
disturbance regimes, but excluding human disturbgGupta and Rao 1994).
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The information contained in carbon stock accouwats also be used more generally as part
of the assessment of ecosystem assets and the remeasti of ecosystem services. The

following paragraphs provide an overview of the keysiderations in accounting for carbon

and additional detail is provided in an annex.

Carbon stock account

A structure for a carbon stock account is preseimddible 4.4.1. It provides a complete and
ecologically grounded articulation of carbon acamg based on the carbon cycle and in
particular the differences in the nature of patécicarbon reservoirs. Opening and closing
stocks of carbon are recorded with the various geametween the beginning and end of the
accounting period recorded as either additionkeécstock or reductions in the stock.

Carbon stocks are disaggregated to geocarbon ftatbrced in the geosphere) and biocarbon
(carbon stored in the biosphere, in living and demdnass 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, metldatirates and marine sediments).
Biocarbon is classified by type of ecosystem. At llighest level these are terrestrial, aquatic
and marine ecosystems, and these are shown in Zable

The different reservoirs of carbon in the geosplar@ 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 CO2 levels (Prentice et al. 2007). @ardtocks in the geosphere are generally
stable in the absence of human activity; howeveckstleclines 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, biodiversilderpins 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 amafrdarbon over centuries to millennia, for
example in the woody stems of old trees and in. &8mi-modified and highly modified
ecosystems are generally less resilient and lesslest{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 witfedkht 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 thduérfces the stock of carbon in the atmosphere.
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Table 4.5.1 Carbon stock account

Gigagrams carbon (ch) Geocarbon Biocarbon Atmosphere Water in Oceans! Accumulation in economy TOTAL
. Terrestrial | Aquatic Marine Inventories | Fixed Consumer
Rocks Oil Gas Coal Other %
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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A key aspect for carbon accounting is to understidmed degree of human influence over
particular ecosystems. In this it may be desirableecognise varying degrees of human
modification of the ecosystem and potentially idtroe these aspects into a classification.
Degrees of human modification may be structurecktiect, for example, natural ecosystems,
semi-natural ecosystems, and agricultural ecosystebetails on how these types of
ecosystems may be defined are in the annex.

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

Various indicators can be derived directly frombaar stock accounts or in combination with
other information, such as land cover, land us@ufadion, 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 carbartksiof different ecosystems with their
carbon carrying capacities can inform land usedi@timaking where there are significant
competing uses of land for food and fibre.

A key indicator that would emerge from the carbtmtk account is what is commonly termed
the ‘net carbon balance’ which is the stock of ocartyemaining in all reservoirs, or a
particular reservoir, at the end of an accountiegaul.

Links to other SEEA accounts

Carbon accounts are linked to the physical flowjremmental activity and asset accounts of

the SEEA Central Framework, and in particular thergy and mineral resource and land

cover accounts. They are also linked to the flolveomsystem services presented in Chapter
3. Carbon stock accounts may also be used as ahe cbmponents in the assessment of the
condition and capacity of ecosystem assets. Aduitiinks are described in the annex.

The linking of the carbon stock account to the flofrecosystem services, and in particular to
the service of carbon sequestration, is of padicithportance. In this, the total additions of
stock in the biosphere shown in the stock accauntild equate to the level of the flow of the

carbon sequestration service. Particular attentivght be given to natural and managed
expansion of carbon stocks in the biosphere.

In relation to the assessment of ecosystem adsstseicalled that carbon in the biosphere is
one of the fundamental components of living ecasyst As such it must be considered in
any assessment of ecosystem condition and expectsystem service flows. This may be
done by reference to time (e.g. the time considéveble unaffected by industrial activity),
some notion of carbon carrying capacity (e.g. tlimum theoretical amount of carbon that
can be stored under prevailing environmental caytitand natural disturbance regimes in a
particular area or ecosystem or in terms of cotdrbgtween ecosystems (e.g. bare earth
contains relatively little carbon compared to aunatforest).
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Accounting for biodiversity
Introduction

Biodiversity or biological diversity is a fundamahtomponent of ecosystems and underpins
many ecosystem services (see Chapter 3). Humarntaatan drive changes in biodiversity,
both directly (e.g. through the extraction of specivia harvest of fish and timber) and
indirectly (e.g. removal of habitat), and hence lthweel or quality of the ecosystems services
able to be delivered. Understanding the relatiggshietween biodiversity, ecosystems and the
ecosystem services they provide, as well as qyamgifthe impact of human activity on
biodiversity and key ecosystem services are thengw motivations for accounting for
biodiversity.

In recognition of the importance of biodiversity people there are several international
agreements concerning biodiversity and the consiervaf biodiversity. Perhaps the most
important is the Convention on Biological Diversg€BD)" which entered into force in
1993. The Convention has three main objectivesthi@)conservation of biological diversity;
(2) the sustainable use of the components of bicdbgdiversity, and; (3) the fair and
equitable sharing of the benefits arising out efutilisation of genetic resources.

Biodiversity accounts can be used to track progtessrds policy targets such as those
concerning the protection of threatened speciezosystems (or habitats), the sustainable use
of harvested species, the maintenance and improvesh@cosystem condition and capacity,
and where the benefits of use of biodiversity aadate. Such assessments can be enhanced
by links to changes in land cover and land usemB¥ing biodiversity accounts for particular
spatially defined areas (EAU), the accounts on ystesn services may be linked to the
geographical extent and condition of biodiversifythe areas (EAU) follow administrative or
other boundaries for which there are economic cras@lata, then it is possible to highlight
how human activities can cause changes in biodtyers

At both national and sub-national scales, by ligkiodiversity accounts with the land cover,
land use and the environmental protection experaitaccounts of the SEEA Central
Framework, the cost-effectiveness of expendituneshabitat and species conservation or
returns on investment may be analysed. It is sonastithe case that the extent of land cover
types, land use and other data on pressures ark asea proxy for the condition of
biodiversity as the number and abundance of spehisges in response to such varidiles

This section summarises some of the key aspecisardunting for biodiversity including a
description of the process of biodiversity loss @atdounting for species. Additional detail
and explanations are contained in an annex.

16 Secretariat of the Convention on Biological Diversit2003). Convention on Biological Diversity
http://www.cbd.int/convention/text/

7 E.g. see Brooks et al (2002). Habitat loss anchetitin in the hotspots of biodiversity. Conservatiinlogy
16(4): 909-923 and; Alkemade et al, 2009.
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Definition and description of biodiversity

Biodiversity is defined in the Convention on Biolog Diversity as ‘the variability among
living organisms from all sources includinigter alia, terrestrial, marine and other aquatic
ecosystems and the ecological complexes of whiep #ine part, this includes diversity within
species, between species and ecosyst&niEie scientific community has conceptualised
biodiversity as a hierarchy of genes, species andystems.

Species can be defined in a range of ways. Theycamemonly defined as a group of
organisms capable of breeding and producing feofilgpring. However, this definition does
not work well for some groups of organisms (e.gcté@aa). A range of definitions are
available but the definition used ultimately depenéithe nature of the organism of intef®st

Species are classified according to the systemimdnial homenclature (i.e. genus and
species) established by Linnaeus (1758), whichitoes to evolve.

The biodiversity accounts described below use sgems the fundamental unit of observation
for biodiversity. Land cover accounts, which maym@ximate ecosystems, are described in
the SEEA Central Framework, while the extent amublten of ecosystems is covered earlier
in this chapter. Accounting for genes has not ye¢rb contemplated within the SEEA

framework.

The processes contributing to biodiversity lossraeay and varied and as such determining
the most appropriate structures for biodiversitgoamts to address this issue is difficult.

However, some generic types of processes leadingaonges in biodiversity at the ecosystem
and species level can be identified for inclusiothie accounts.

At ecosystem level, biodiversity loss is charaskwli by the conversion, reduction or
degradation of ecosystems (or habitats). Genegallyhe level of human use of ecosystems
increases in extent or intensity, biodiversity logseases.

Many species originally occurring in a particulaeawill decrease in abundance while at the
same time some species, in particular those thaéftbein disturbed habitats, increase in

abundance, as a result of human interventions. iBhdhe species originally occurring are

gradually replaced by those that are favoured byaminfluence, some of which may achieve
large numbers (e.g. plague proportions). The etitins of the original species are the final

step in an often long process of gradual reductionaumbers. In many cases, local or

national species richness (i.e. the total numbesp#cies regardless of origin) increases
initially because of species introduced or favoubgdhuman$. Because of these changes

ecosystems lose their regional endemic speciebeaooime more and more alike — a process
described as “homogenisatiéh”

18 Convention on Biological Diversity, Article 2, Usé Berms.

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

% See, for example, the International Commission @wldjical Nomenclature, http://ficzn.org and; the
International Code of Botanical Nomenclature (VieQuale),http://ibot.sav.sk/icbn/main.htm

2l This is the so-called “intermediate disturbanceediity peak”, Lockwood and McKinney, (2001). Biotic
Homogenization. Kluwer, New York. 289p.

2 Lockwood and McKinney, (2001). Biotic Homogenizatiokluwer, New York. 289p and Millennium
Ecosystem Assessment (200%}p://www.maweb.org/en/Reports.aspx
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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 technigques but tdenthat biodiversity measurement is a
specialist field, that different methods for assegdiodiversity provide varying levels of
accuracy and precision, and that because of coitiplexf biodiversity measurement a focus
is placed on selected indicators of biodiversityhea than accounting of all aspects of
biodiversity.

Biodiversity indicators measure part of the systansapture a range of aspects of the system
within single measures. Based on the recommendatibithe 8 meeting of the Subsidiary
Body on Scientific, Technical and Technological Adv(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/32004¥* that can be implemented
worldwide, or at national or regional scales.

The four indicators concerning the state of bioditg are:

(i) Trend 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 typdsrins of size, the second relates to the
average quality of these ecosystem types (meandabare of species characteristic of these
ecosystems as compared to the reference condiéind)the third shows the variability within
the mean species abundance, focusing on thoseespibcit are threatened. Together these
indicators reflect the degree of homogenisatiom tore process of biodiversity loss as
described above.

Accounts in physical terms (e.g. hectares) showtimg 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 adstinked to the environment protection
expenditure (a response indicator). It is also s&agy to account for the extent and condition
of ecosystems outside of protected areas (i.eerttiee country), since in most countries much
of the biodiversity exists outside of protectedaate

For some purposes more precise information abowgreyhwhy and how the changes in
ecosystem extent occurred are needed. This isatfialpimportance 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 commaduagizen for policy priority purposes. To
achieve this both extent and quality measureshaile to refer to EAU.

The condition of biodiversity, as measured by spechumber and abundance can be
measured directly. However, because this is cesttlo for large areas, biodiversity condition
is usually estimated using a range of data and adstlincluding modelling techniques based

23 Seehttp://www.cbd.int/doc/decisions/cop-07-dec-en.pdf
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on information about land cover, land use, fragmiom, climate change and other
pressure$’,

4.117 At international and national levels the state iofliversity can also be shown via composite
indices. Examples of this approach for aggregatasomement of biodiversity include the
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 trawliin ecology of expressing complex
changes in species abundance through indices.

4.5.4 Structuring information on species and groupsf species

4.118 Species diversity can be measured by abundancei@mikss. Broad scale assessments of
biodiversity are typically based on species ricemasrichness of endemic species. In this, the
species occurring in particular areas are listegirasent or absent to generate measures of
species richness. These data are more readilyabiaithan abundance data and can be
measured against the original number of speci¢sdrarea. This type of assessment is often
used but is more suitable for sub-national scagessmnents (biodiversity “hotspots”) and,
which would detect regional shifts in distributicensd local extinctions.

4,119 At a larger scale, these data can be insensitivehamges at the national level, and often
difficult to interpret and relate to human actiegi If used, indications of the species
importance to region or elsewhere may be gainea fother sources. For example if species
detected in an area are included on the IUCN Retdfithreaten species.

4.120 It is more useful if assessment of biodiversity awkas includes estimates of abundance.
Abundance data are usually only available for atdichnumber of species. Abundance may be
measured in absolute terms such as the total nuaibadividuals of a species or a density
per hectare. It can also be measured in broadedastated to absolute measures, for example
very abundant, abundant, common, rare, and vegy fdsundance may also be measured in
relative terms, in particular current abundancatiet to the past (a benchmark or reference
condition). If a species is less abundant now tlaithe past then it may be at risk of
extinction. Different species exhibit different netl abundances: for example in mammals,

%4 Scholes, R.J. and Briggs, R. (2005). A biodiversitaétness index. Nature, 434(3): 45-49. (3 Mardb620
Alkemade, R., van Oorschot, M., Miles, L., Nellema@n, Bakkenes, M. & ten Brink, B. 2009. GLOBIO3: A
Framework to Investigate Options for Reducing Globerrestrial Biodiversity Loss 2009. Ecosystems3]12:
374-390.

“ten Brink, B.J.E. and T. Tekelenburg, Biodiversitywhmuch is left? The Natural Capital Index framework
(NCI). in RIVM report 402001014. 2002: Bilthoven.

%6 Alkemade, R., van Oorschot, M., Miles, L., Nellemag., Bakkenes, M. & ten Brink, B. 2009. GLOBIO3: A
Framework to Investigate Options for Reducing Globerrestrial Biodiversity Loss 2009. Ecosystems312:
374-390. Also see http://www.globio.info/home

" Loh, J., et al 2005. The living planet index: gs&pecies population time series to track trendsddiversity.
Philosophical Transactions Royal Society, Biologi8alences 360, 289-295, and; Loh, J.,2002. Livitan&
Index 2002, World Wildlife Fund International: GErSwitzerland.

83choles, R.J. and R. Biggs, 2005. A biodiversity imess index. Nature. 434(7029): p. 45-49.

29 Certain, G., O. Skarpaas, J-W. Bjerke, E. Framdtad,indholm, J-E. Nilsen, A. Norderhaug, E. Oug,CH-
Pedersen, A-K. Schartau, G. |. van der Meeren,slaisen, S. Engen, P.A. Garnasjordet, P. Kvalgy, M.
Lillegard, N. G. Yoccoz, and S. Nybg. 2011. The U¥atindex: A General Framework for Synthesizing
Knowledge on the State of Biodiversity. PloS ONEoG 4t €18930.
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small rodents are naturally very abundant, whiéggkhnts other large slow breeding mammals
occur in much lower abundances.

Species richness and species abundance accounts

Accounts may be prepared for individual speciegmups of species. While accounts for
individual species may be relatively few, some sxeare of particular interest, for example
because they are harvested for food or have icaalices (the so-called charismatic mega-
fauna), and hence accounts may be prepared far Hpexies. Such accounts, for example for
fish, are similar to those described in the SEEAtéd Framework and are not described
further here. Tables for species richness woulafba similar form to the table for species

abundance described below.

Table 4.5.1 presents the general form of a spetesdance account, in both absolute and
relative terms of abundance. The account folloves gbneral form of asset accounts in the
SEEA Central Framework, with opening stock andinlpstock. In this account a net change
only is shown, but it would be possible to add r@lewing the positive and negative changes
that result from natural processes or human agtiVite accounting period is one year.

The reference condition of species can refer totamg 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 tadympared between different species, and
different ecosystems, within countries and betwammtries.

Table 4.5.1 Accounts for species abundance by Kingah

Animals
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It is important that species from all Kingdoms .(idgvision of living organisms) should be
included in the species abundance accounts to erisaraccounts are as representative as
possible. However, in practice the species inclugedhe accounts will need to be a
representative sample from the Kingdoms as cafigaliata on the abundance of all species is
resource intensive and some Kingdoms are bettemikriban others (animals being the best
known). The sample of species should include spebit are of importance to the ecosystem
being measured and priority should also be givespexies that are known to be sensitive to
human impacts (i.e. responsive to key drivers apdqures).

Accounts for threatened species (extinction risk)

The risk of extinction is a function of the natugdpulation dynamics, distribution and
abundance of species, environmental change and rhaotivities directly or indirectly
influencing population abundance. In this, the margely distributed and abundant and the
higher the reproductive rate of a species is,ahs 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 Catéegl” take into account these factors and
others into account to determine the overall stafispecies.

Accounts showing the risk of extinction can be tarded using the status of species as
defined by IUCN Red List categories and relateteda (Table 4.5.2). A structure for such an
account and the definition of the relevant catezgi$ described in the annex.

Threatened species accounts may be prepared fotrigsuas a whole or for particular areas
or ecosystems within countries. It should be ndied the threatened species accounts record
only the presence or absence of species in a plartiarea.

Links between biodiversity accounts and otheaccounts

Data from biodiversity accounts becomes more usghén linked to other accounts of the
SEEA Central Framework and to the ecosystem servilescribed in Chapter 3. For the
accounts in the SEEA Central Framework, links canmade to the land use account and to
the environmental activity accounts. Biodiversitcaunts may be prepared for countries as a
whole or for particular areas or ecosystems witloiantries.

Socio-economic and environmental accounts canki@ykdrivers and pressures to biodiversity
loss, for example in terms of measures of energy carbon emissions and sinks, built up
land and infrastructure, extraction of fish andlken (fisheries and forestry), agricultural
expansion and intensity, climate change, fragmiemtand nitrogen deposition and loads. In
this context, land use, land use intensity and laoger accounts provide important
information on the extent of ecosystem types armh dnst by conversion. These kinds of
integrated analysis will be easier to undertak&afistical units (e.g. major land cover types,
forests, grasslands, etc.) can directly be linkedunits and the aggregations of units in
economic statistics. This requires that the basimemic units are spatially referenced.

% |UCN-Species Survival Commission, 2001. Red Lisateggories and Criteria version 3.1.
http://www.iucnredlist.org/documents/redlist_catst @n.pdf
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4.130 For ecosystem services, the species harvestedtligifec food, fibre, timber or energy,
provide provisioning services. Changes in the abond of species due to human extractive
activities would be reflected in the species abugdaand status. In particular, harvesting in
excess of a species’ capacity to regenerate (iustainable harvesting) would result in lower
yields, reduced economic profit and a higher riglextinction, and would be reflected in
moving to higher risk categories in the specietistaccount. Species that provide regulating
ecosystem services, such as mangrove species (fiatection) and bees (pollination) can
also be linked to the species and land cover adsouwfor mangroves, the amount of
ecosystem service would be a function of the locatextent and condition of mangroves,
which could be derived from a land cover and lais¢ account. For bees, the level of
pollination service would be a function of the atbance of bees, which could be drawn from
the species abundance account.
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Chapter 5: Approaches to valuation for ecosystem aounting

Introduction

The valuation of ecosystem services and ecosysssetsis complex. The complexity exists

because generally, ecosystem services and ecosgstats are not traded on markets in the
same way as other goods, services and assetscdksaquence, economic principles must be
used to measure the prices that would have beenfpathe various ecosystem services and
assets. Valuation is therefore involves the estonaif “missing prices”.

There are different conceptual approaches to valuatind the valuation of ecosystem
services requires detailed data on ecosystem usksisers. A question therefore is to what
degree comprehensive valuation of ecosystem servioe the purpose of ecosystem
accounting, with an accuracy sufficient for accinoppurposes, is feasible. Recognising the
methodological difficulties related to ecosystemvie valuation, this chapter provides a
broad overview of potential approaches that mayubed to explore the valuation of
ecosystem services and ecosystem assets for thegeuof accounting. Specific attention is
paid to the methodological complexities involvedydathe issues that require further
development before the monetary analysis of ecesyservices and ecosystem assets can be
broadly applied in an accounting context (discusae@hapter 6).A specific objective of the
chapter is to enable compilers and analysts ofystes accounts to make decisions regarding
valuation while being aware of the required assiongt and of the implications for
interpretation.

The chapter is organised as follows. Section 5tfin@s the general concepts of value in the
context of ecosystem accounting. Section 5.3 pesval concise overview of the principles of
valuation as they are applied in the SEEA and tN&.SSection 5.4 analyses approaches to
pricing ecosystem services and ecosystem asseten Ghat the primary motivation for
valuation in the SEEA Experimental Ecosystem Actimgnis - eventually - integration with
the standard national accounts, this section axgpbores which valuation approaches are
consistent with the SNA valuation principles. FipaBection 5.5 describes a number of key
issues related to the monetary valuation of ecesystervices and ecosystem assets in the
context of ecosystem accounting that require furtlevelopment, and provides a number of
potential directions for further research.

Concepts of value
Ecosystem services in relation to public artivate goods

Within a broad context of economic value it is velet to consider ecosystem services in
terms of their contribution to either (i) the valirat accrues to individuals (private goods) and
(ii) the value that accrues to society more brogg@lyblic goods). Because of the different

characteristics of private and public goods, défgrapproaches to the estimation of relevant
prices must be considered.

Provisioning services are typically private goodbBevgas many regulating and cultural
services have a public goods character. Public gaodolve the conditions of (i) non-
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excludability, meaning that is not possible to demgople to benefit from the ecosystem
service, and (ii) non-rivalry, meaning that onespe’s enjoyment of an ecosystem service
does not diminish the availability of the serviceothers. Clean air is a typical example of a
public good. Eco-tourism can be seen as a ‘quatilip 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).

The price mechanism for the provision of public d@aloes not function well: consumers do
not have an incentive to pay and producers do ae¢ lan incentive to supply. These market
failures may reflect the nature of the productiowieonment, for example the existence of
increasing returns to scale and various exteraalifftom production. Consequently, public
intervention, most commonly through production bgvegrnment units or through the
definition and allocation of property rights, iseded to maintain or create an efficient
allocation of such goods. Because public goodsiaréraded in a market, such goods require
the application of non-market valuation methods.e Tdiscussion of these non-market
valuation methods is the main focus of Section 5.4.

The motivation for valuation in ecosystem aoeinting

It is important to recognise that a number of mations exist for valuation of ecosystem
services and ecosystem assets. The different ntiotigapoint to different requirements in
terms of coverage, methods and assumptions. Gfédwmation is dismissed or utilised without
a more careful consideration of the relationshipwieen the purpose of analysis and the
choice of valuation method. This section explaims key aspects that should be taken into
account in determining whether to undertake vatuagéind how it should be done.

There are two primary motivations for undertakingluation of ecosystem services and
ecosystem assets. The first is the analysis ofifgp@olicy scenarios and the second is the
integration of values related to ecosystems intmaating frameworks.

In the consideration of alternative policies it@mmon practice to value the various costs and
benefits of different alternatives. Usually, in tans made by governments at all levels, the
assessments of costs and benefits must take icmu@aic not only the impacts on various
individual enterprises and households but alschenbroader community and, in the context
of ecosystems, the broader environment. As is Wmtiwn, these “social” aspects are not
taken into accounting in the valuations provided rbgirkets. Hence for the purposes of
assessing policy choices (such as where to buildsaital, whether to install lighthouses, or
whether to restore polluted wetlands) it is commpoactice to estimate the full social costs
and benefits and hence take into account a braadge of factors than may be considered by
individual economic actors. This analysis may edtém consideration of alternative tax and
subsidy regimes, for example in assessing the eaigrimplications of a chosen policy.

The integration of values of ecosystem services aodsystem assets into accounting
frameworks occurs at both the enterprise levelairiie national level. At the enterprise level
an increasing number of companies are undertakisgceses in the valuation of ecosystem
services with the intent of better understanding ithplications of their use of ecosystem
services (which are usually unpriced) in relationheir standard measures of profit and loss.
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At the national level, the integration of ecosysteauations with standard national accounts
may take a number of forms. First, it may relateléoeloping broader measures of the value
of environmental assets than are obtained throbighséluation of these assets based on the
value of harvest and extraction. Second, it magteeko identifying the contribution in
monetary terms of ecosystems to current measuresafomic activity. Third, integration
may relate to comparing flows of ecosystem servigils economically measured flows in
order to assess trade-offs when alternative lard ase being considered.

Related to the integration of ecosystems withinomal accounts is the desire to provide
accessible measures of overall changes in ecosystevites and ecosystem assets. In this
context valuation permits relatively straightfordlaaggregation of different stocks and flows
which may be difficult when using only measureplnysical terms. While valuation certainly
facilitates the compilation of overall measuresjdes involve a number of assumptions and
measurement challenges.

For SEEA Experimental Ecosystem Accounting, theusoés on valuation that permits
integration with the standard national accountse Bame considerations outlined in this
chapter are likely to apply in the context of eptese level accounting. For specific policy
scenario assessment, different conclusions on p@opriateness of various valuation
approaches may be reached.

Given the range of options that are available andhea of valuation it is recommended that
where valuation is undertaken the purpose be glearliculated together with a clear
explanation of the underlying assumptions that Hseen made.

Objects of valuation

The two primary components of ecosystem accouraisgecosystem services and ecosystem
assets. Chapters 2, 3, and 4 explain in detaiteleant concepts and the various approaches
to the measurement of these two variables in phytems. For estimates in monetary terms,
the initial targets of valuation are ecosystem ises; Some ecosystem services, such as the
harvest of timber, contribute to benefits already sicope of the standard measures of
economic activity. For the purposes of expositithrese services are referred to as market
ecosystem services. Other ecosystem services lmatgtrio non-SNA benefits (such as clean
air). These services are referred to as non-madatystem services. As explained in Chapter
2, the focus is on the final outputs of ecosystémas contribute to benefits used in economic
or other human activity. Ecosystem processes angsflvithin or between ecosystems are not
addressed in the valuation approach outlined mdhapter.

Once estimates of different ecosystem services haea derived, a number of paths may be
pursued depending on the analytical and policy tijues of interest. First, it may be possible
to aggregate values of all of the ecosystem seswidthin a given spatial area (e.g. for a given
EAU). Second, it may be possible to aggregate acafisecosystems in a country for a
selected ecosystem service or for all ecosystemicest Third, it may be possible to

aggregate over time, i.e. into the future, to detee an aggregate of all future flows of

ecosystem services, and hence, following standapdoaches to capital accounting, provide
an estimate of the overall value of ecosystem asdgdch type of aggregation requires
particular assumptions and involves distinct meam@nt challenges. Consequently, there
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may not be interest in compiling all of the potahtnonetary measures even though they may
be conceptually possible.

A particular issue arises in the case of ecosysissets since it may not be appropriate to
apply valuation approaches developed in the comteptoduced assets (such as buildings and
machines) to ecosystems that are complex asseaisrecgenerate over time and provide
multiple services. A related question is whethervthluation of ecosystem degradation should
be based on analysing foregone income due to thetiens in the current and future flows of
ecosystem services, or if valuation of ecosystegrattation should be based on the costs of
restoring the ecosystem to a previous state. Shdssctussed further in Chapter 6.

Welfare economic and exchange concepts ofwal

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

In Figure 5.1, area ‘A’ represents the consumeplsar which is the gain obtained by

consumers because they are able to purchase acpeidai market price that is less than the
highest price they would be willing to pdyThe producer surplus, depicted by ‘B, is the
amount that producers benefit by selling at a ntapkiee that is higher than the least that they
would be willing to sell for, which is related tbetir production costs. The area ‘C’ can be
assumed to represent the production costs, whitér dietween different producers. For the
purpose of this chapter, the sum of areas A arsl|Bbielled the ‘surplus’. The surplus can be
seen as the net economic gain resulting from mar&esactions with a volume of Q at price

P.

In the context of integrating values of ecosystanrvises within the national accounts the
objective is to value the quantity of ecosystenvises at the market prices that would have
occurred had the services been freely traded adidaegied. This market price, equivalent to
price P in Figure 5.1, reflects consumers’ margiwdlingness to pay for the ecosystem
service at the market equilibrium gquantity of seed Q. In the case of ecosystem services not
traded in a market, alternative approaches to ksttiad price for the ecosystem, in line with
the SNA accounting principles, need to be foundugther discussed in Section 5.4.

%1\t is noted that a distinction exists betweenviulial and aggregate consumer surplus.
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Figure 5.1 Consumer and producer surplus

Supplv

Price

A

C Demand

Q Quantity

For national accounting purposes, the focus ofatan is on the area of producer surplus
plus costs of production, i.e. areas B and C. Taflects 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 sanwepR. Thus the total outlays by consumers
and the total revenue of the producers is equéld@rea B plus C, or equivalently, is equal to
P times Q. If this approach to valuation is not@dd in ecosystem accounting, the potential
to account for transactions between economic unitsld be lost since the values of supply
and use of products would be different. Analysing monetary value of ecosystem services
requires identifying and analysing the contributiminthe ecosystem service to the benefits
represented by this area.

Following this characterisation, the differenceviedn the welfare economic conception of
value and the national accounts conception of vialegual to consumer surplus. Much of the
discussion on approaches to valuation thereforesiders the extent to which consumer
surplus is included in the resulting valuationscritical aspect here is that willingness to pay
measures revealed by some approaches to valuditBmogystem services do not reflect prices
at which the service would be traded on a market.

The ‘Total Economic Value (TEV) framework

As noted in the introduction the reason to consicencepts of value in the context of
ecosystem accounting is that market prices forystem services and ecosystem capital are
“missing”. In order to estimate these missing wideis therefore necessary to have a clear
understanding of the different elements underlytmg value concept. A common framework
for developing this understanding breakdowns ecanaalue into four types: (i) direct use
value; (ii) indirect use value; (iii) option valuand (iv) non-use value.

(i) Direct use value arises from the direct utilisatioh ecosystems, for example
through the sale or consumption of a piece of fruit
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(i) Indirect use value stems from the indirect utili@atof ecosystems, in particular
through the positive externalities that ecosystprside, for example clean air and
water.

(i) Option values relate to people’s responses to taingy. Because people are unsure
about their future demand for a service or the éorigrm implications of a current
decision, they may be willing to pay now to retthe option of using a resource in
the future (e.g. placing a value on a forest réfigcthe potential to find plants for
medicinal purposes) or they may be willing to paywnfor insurance against
possible future losses.

(iv) Non-use value is derived from attributes inherenthe ecosystem itself. Three
aspects of non-use value are generally distingdisbgistence value (based on
utility derived from knowing that something existaltruistic value (based on utility
derived from knowing that somebody else benefits]) bequest value (based on
utility from knowing that the ecosystem may be ubgduture generations). These
different types of non-use value may be reflected,example, in the value of
iconic species such as giant panda. The differatégories of non-use value are
often difficult to separate from each other andrfraption values, both conceptually
and empirically.

Aggregation of these four value types to estimatal economic value is possible if all values
are expressed in monetary terms and estimatedghrmammensurable indicators. In practice,
however, few valuation studies have valued optialues of ecosystem services, and there is
still considerable debate on the quantification pniding of non-use values.

It is important to recognise that both ecosystemvises providing direct use value (in

particular provisioning services) and services futioyg indirect use value (in particular

regulating services) can be seen as final outpiutiseoecosystem. In the context of the TEV
framework, direct use values relate to ecosystemices that are an input to specific

production or consumption functions. Indirect usalues are generated in relation to
regulating services which facilitate economic dtivn particular areas (as in the case of the
flood protection service of coastal dunes allowaapnomic activities in areas immediately
inland of the dunes). Both types of services adevesmt in the context of ecosystem

accounting, but specific approaches need to belale@ for these (and for cultural services)
in order to analyse their contribution to econoagtvity.

Some connections may be drawn between the frameyustkoutlined and the national
accounts notion of value. Since non-use value seth@urely on the utility of an individual, it
can be concluded that non-use values are solelypsad of consumer surplus and hence
should be considered out of scope of national ausdoased measures of value. For the other
components of value it is possible that all thrissy & role in setting prices following national
accounts notions of value although exactly how ahd#fferent components might be
identified can only be determined on a case by bases.
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Valuation principles in the SEEA and the SNA

Market prices

In the SEEA, as in SNA, the values reflected in doeounts are, in principle, based on the
current transaction prices or market prices forassociated goods, services, or assets that are
exchanged. (2008 SNA, 3.118) Strictly, market wieee defined as amounts of money that
willing purchasers pay to acquire something fronfling sellers. The exchanges should be
made between independent parties on the basismheocial considerations only, sometimes
called “at arm’s length”. (2008 SNA, 3.119)

Defined in this way, in a perfect market at a gafar point in time, the same market price
will be paid by all purchasers. In practice, marggtes used in the national accounts will
vary between purchasers and over time and hengestiwaild be distinguished from a general
market price that gives an indication of the “agefaprice for exchanges in a type of good,
service or asset over a given period of time. Irsthoases, market prices based on the totality
of transactions that actually occur over an acdognperiod will approximate the general
“average” market prices just described.

In practice, prices are generally impacted by tarmabs subsidies 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 pricesasic prices, producer prices and
purchasers’ prices —each defined by different tneats of taxes, subsidies and margins. The
distinctions between these different prices shdaddconsidered in valuation exercises but
they are not expanded upon here. For further deta# 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, 3A1arge proportion of transactions are
monetary transactions in which one institutionat omakes a payment (or receives a payment)
stated in units of currency. Common monetary trati@as include expenditure on the
consumption of goods and services; payments of svagd salaries; and payments of interest,
rent, taxes, and social assistance benefits.

Non-monetary transactions are transactions for ivaimarket 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 transaotepn be clearly observed between
institutional units, for example barter transacsioand for national accounting purposes, a
value should be estimated to record it in the aetoun other cases, the entire transaction
must be constructed and then a value estimatedk.fdihese constructed transactions are
referred to as imputed transactions. (2008 SNAG)3.7

85



5.32

5.3.3
5.33

5.34

5.35

5.36

534
5.37

CONSULTATION DRAFT — Do not quote

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

SNA approaches to valuing non-monetary transdons

When market prices are not observable, valuatiororaing 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 cugréntsufficient numbers and in similar

circumstances.

In using a market-price-equivalents approach irelevant 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 effeSexond, it is assumed that the prices being
used to approximate the missing prices are themselermed in a manner that can be
considered incentive compatible. That is, the ntératitutional setting is such that the
revealed prices reflect the truthful responsesefarket participants.

Where no sufficiently equivalent market exists amdiable surrogate prices cannot be
observed, the SNA identifies a second best proeetiube used in which the value of the
non-monetary transaction is equal to the sum ottsts of producing the good or service, i.e.
the sum of intermediate consumption, compensatioenaployees, consumption of fixed
capital (depreciation), other taxes (less subsjidiesproduction, 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 mtimtu of education and health servicés.
This approach to estimating prices effectively e 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. theradgproducer surplus in the production of these
outputs.

Valuation of assets

Assets, strictly economic assets in an SNA con@nd,stores of value representing a benefit
or series of benefits accruing to the economic owmeholding or using the entity over a
period of time. (2008 SNA, 10.8). Accounting foisass thus entails making assessments in

82 Strictly, a distinction must be drawn between mooretary transactions related to market output @agn
account production of households) and those relmatn-market output (e.g. production of publiods by
government units). For non-market output the cobfroduction are defined to exclude the net reamrtapital
component (see 2008 SNA 6.125).
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the current period of the expected future flowsbehefits, for example in the form of
operating surplus (profits), interest, rent anddéinds.

For economic accounting purposes, the ideal solmcasset prices are values observed in
marketsin which each asset traded is completely homogeneaften traded in considerable
volume, and has its market price listed at regnk@rvals.

In some cases, observed market prices may covevdles of a number of assets. For
example, prices for real estate will usually in@uzbth a value for the dwelling (or buildings)
on a piece of land as well as a value for the Itsef (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 contextoosgstems which, by definition, represent a
combination of bio-physical components.

When there are no observable prices an attempidieumade 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 mamaaches 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 assetgngtgiven point in its life, is equal to the

current acquisition price of an equivalent new aEss the accumulated consumption of fixed
capital on the existing asset over its life. (2@MNA, 13.23)

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

The decomposition of value into price, quariti and quality

The analysis of changes in value over time is goomant aspect of accounting. One way of
considering changes in value is to recognise thamges 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 measurewigmice change (for example, the Consumer
Price Index). Index number theory is well estaldisbut, 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 gengrahange in quality over time. For example,
a new car purchased in 1990 is likely to be quitker@nt in quality from one purchased in
2012 even allowing for general features such atmergjze and number of seats. Thus simply
tracking the purchase price of a car and usingamtipy of one car does not provide a good
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indication of the decomposition of value changere@sonable 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 uppeaminto its various “characteristics”.
Assessment of the change in each of the chardateris 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 considerations for different ecosysteservices

The appropriate valuation approach differs by tgbecosystem service. In order to design a
valuation approach for a specific ecosystem senitcis necessary to understand how the
services lead to the generation of benefits, aredrétation between these benefits and the
recording of the related economic activity in SNA.this context it is relevant to note that
generally, where a link to the SNA production boarydcan be made, valuation approaches
focus on the valuation of the benefit and then rdeitee the contribution of the ecosystem
service rather than valuing the ecosystem senireetty.

Provisioning services

Provisioning services relate to goods extractednfror harvested in an ecosystem and
generally the production of these goods is inclugdedhe SNA production boundary and
hence in GDP. The usefulness in understanding #ieevof these services is that the
contribution of these ecosystem services to GDP Ineaecognised.

The processes of harvest or extraction normallglires costs, and these need to be considered
in the valuation of the ecosystem service. Theectithn of food or raw materials may take
place in a fully natural ecosystem, but is morelijjkthat harvesting and extraction occurs in
an ecosystem that is modified by people. This nicatibn may be in the form of enrichment
planting of specific species in a natural environtner reflect degradation because of past
overharvesting. Many ecosystems have been modihedavour the supply of specific
services, as in the case of cropland or intensagtupes.

Harvesting and extraction may take place accordingifferent management mechanisms.
There may be private ownership of the ecosysterth, thie land owner harvesting ecosystem
services. A private owner, or a government, may #&sse the land to an individual, for
instance a farmer, or to a group of individualsefEhmay also be communal or government
ownership of the ecosystem, with restricted or eperess to the resources present in the
ecosystem. These institutional arrangements daterrtie costs of maintaining ecosystem
services supply as, in the case of provisioningises, they are incurred by the user.

The monetary value of a provisioning service iduiefced by the institutional arrangement
involved. In the case of a private land owner hsting timber or crops from an ecosystem,
the owner is likely to have used labour and produzssets to modify the ecosystem, and to
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harvest the resource. The supply curve, and incpéat area C in Figure 5.1, reflects the costs
involved in harvesting (labour, produced asseta @¢preciation costs), intermediate inputs)
and the costs associated with the use or modificatif the ecosystem (e.g. draining an
agricultural field prone to flooding, or pruningés in a plantation forest).

This is illustrated by the case when a land usasdse the land on which he grows crops: his
costs include the costs of leasing the land, with lease price reflecting the possibility to
grow crops as a function of acreage, soil fertilhydrological properties, perhaps even the
presence of local pollinators, in other words thesystem characteristics of the area. Hence,
the annual lease price of the land reflects, tegrek, the value of the relevant ecosystem
services (aligned with the scope of services dsmdisn Chapter 3) that are used by the land
user. However, it needs to be kept in mind thatvihlee of land may reflect several other
important factors, for instance speculation on piéé increase in future land value due to
land development (for instance when farm land isdufer residential development). In the
case that an area is privately owned and usednibe examined if the lease price observed in
the market can, under the prevailing conditionsafket functioning, be used as an indicator
of the monetary value of the provisioning serviaesruing to the land owner.

In the case of the extraction or harvest of pravisig services in an ecosystem not owned or
leased by the beneficiary, the beneficiary is raptimg for the use of the ecosystem asset. In
this case, the contribution of the ecosystem iecedd in the producer surplus, i.e. area B in
Figure 5.1. An example is the collection of bermesgovernment owned land, or fishing in

waters not regulated or not requiring the purchase fishing license. In this case, the unit

resource rent may be used as a proxy for the edonatue of the ecosystem, although there
are specific consideration in adopting this appnadat are further analysed below. Note that
one ecosystem can supply different types of promisg services, for instance timber benefits
from a forest plot may accrue to the land ownet,the collection of mushrooms and berries
on the same plot may be free to the public and ua®pen access regime.

Regulating services

For regulating services, the overall valuation eshis somewhat more difficult. Regulating
services allow economic activities by means of fhsitive externalities they generate. For
instance, an ecosystem providing flood protectiervises allows the safe habitation, or
agricultural activities, in a zone otherwise prdneflooding. Where these services directly
affect human well-being, as in the case of positiealth impacts due to air filtration, they
may generate in particular consumer surplus (areaFAgure 5.1), which should be excluded
from valuation for ecosystem accounting purposes.

However, many regulating services may contribute ptoducer surplus, by allowing

production to take place or avoiding damages talyetion. For example, flood protection

services may allow agricultural production in flopthins. The costs of maintaining the
ecosystem or providing the service are generaltypom by the users of the service, except in
the relatively rare cases where payment mecharfientegulating services (PES) have been
set up. In cases without PES, these services nigrrae¢ part of the producer surplus,
reflecting that as a consequence of the regulaseryices some producers have more
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favourable conditions for specific economic actdstthan other producers, or that they are
not required to take mitigation measures (e.g. troasflood control structures).

In cases where the costs of mitigation or adaptatie higher than the producer surplus, as in
the case where mechanical flood protection is esiensive, the producer is likely to cease
activities when the regulating services is no lengeovided, and the producer surplus

presents a reasonable upper bound on the valbe ecbsystem service.

For the valuation of regulating services, in thaeire of markets for ecosystem services,
there is a need to reveal the marginal willingnasgay for consumers for the service
involved — with consumers in this case including fastance agricultural and industrial
producers. Many of the valuation methods develapedte field of environmental economics
include elements of the consumer surplus and anefitre less applicable in the context of
ecosystem accounting. A notable exception is tpacement cost approach. This method is
of particular relevance to regulating services, arfdrther described below.

Cultural services

For cultural services the situation differs depagdin the service involved. For a number of
cultural services such as spiritual & symbolic g&s and information & knowledge services
only generate consumer surplus and cannot be ngfatiynaccounted for in economic terms.

On the other hand, ecosystem services related udgsto and recreation are somewhat
different in that they provide both a consumer kiggwhich may be measured using a travel
cost valuation method) and a producer surplus.

The economic activities in the recreation and wuriindustries are in scope of the SNA.
However, the specific contribution of the ecosystamnot generally singled out in this
context. This contribution differs strongly betwedifferent parts of the industry (it may
normally be smaller for a restaurant than say aeaantal firm) — but will also vary between
individual firms. For instance, a hotel locatedaadint to a national park may attract tourists in
particular because of the possibilities for ecdur which may not be the case for a hotel in
a city centre.

In order to analyse the monetary value of the estesy 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. The
costs for managing natural parks are not normaltuired by the recreation and tourism
industries. Consequently, the contribution of estams in providing opportunities for
recreation is reflected in (part of) the produaephus.

Approaches to pricing ecosystem services
Pricing using the unit resource rent

Most commonly, the use of this approach to prids@ssociated with provisioning services
such as those related to outputs of the agricylfarestry and fishing industries, in particular
where there are no or limited possibilities to lzsel leases and prices as an indicator for the
price of ecosystem services. In the case of prawisg services there is usually a measureable
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human input in terms of both labour and producesgtaswhich is combined with the relevant
ecosystem services to produce the benefit. The phegnof ecosystem services in Chapter 3
provide an indication of the types of consideraighat are needed in defining the links
between benefits and ecosystem services for a @ngevisioning services.

Importantly, given the use of human inputs, thegf the benefit, e.g. the price of landed

fish, should not be used directly as a surrogateedor the ecosystem service. That is, some
of the benefit price reflects the costs of labowd produced assets. The difference between
the unit costs of labour and assets and the beiréfé represents the unit resource rent.

Under this approach to valuation the unit resouer# represents an estimated price for the
ecosystem service. However, a number of marketittons must be in place for estimates of
unit resource rent to accurately reflect a price tfte ecosystem services that takes into
account the potential for degradation of the resauThese 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 approachataing marketed ecosystem services may
not be appropriat®,

Although the analysis of resource rent is a weklglgshed area of economics, a review of the
available methods suggests that there is a geneedl to develop alternative approaches to
analyse the value of ecosystem services in theafaggsen access resource management.

Replacement cost methods

The replacement cost method estimates the vala@ ecosystem service based on the costs
that would be associated with mitigating actionsitiwvould be lost, as in the case of
constructing a water purification plant if the wafitration service of an ecosystem supplying
groundwater to an aquifer used for drinking waseinpaired. This method does not involve
any consumer surplus, and is based on the assumbi@d society would indeed chose to
replace the service if it would be lost. Literatigites 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 $ociety would chose to replace the
ecosystem service if lost.

The replacement cost method may be of particulEavaace in the case of the water
purification service and the flood control service.

A related method is the ‘costs of treatment methatiich involves estimating the value of an
ecosystem service based on the costs of repaigntges that would occur in the absence of
the service. This service is of particular relevafmr the erosion and sedimentation control,

% 1t is noted that there are no ecosystem servissscéated with the extraction of non-renewable natu
resources, such as mineral and energy resourcédeanrte the valuation of these resources are sousied
here. See the SEEA Central Framework, Chapter 5efaild on the valuation of non-renewable resources.
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and the air purification service. For instancethia absence of erosion control, the barrier lake
of a hydropower dam would receive higher sedimeatl$, and the costs of removing these
sediments can be used as an indication of the \ddltlee service, under the same conditions
of being an adequate and least-cost treatmentit draihg likely that society would chose to
conduct the treatment if the damage occurs.

It is noted that these two methods differ from ottewst” methods such as avoidance costs
and restoration costs. A particular feature of tbplacement 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 degreefaislydrological services, in particular the
regulation of water flows (flood mitigation) andntool of sedimentation. For carbon, there
are a range of different markets operating in d#ffé parts of the world with a different
degree of maturity and market turn-over. The largesrket is the European Carbon Trading
Scheme, but this market does not include carbonestigtion in ecosystems. Indeed, it is
important to distinguish between markets that eetatthe limited right to emit pollution and
markets in ecosystem services themselves sincdesign of the market will influence the
interpretation of the prices that are generatectampliance markets, the price of carbon is
strongly influenced by the regulatory setting of tharket, and prices have fluctuated rapidly
in response to changes in these settings.

Carbon sequestered in ecosystems is mainly tradedliintary carbon markets. Such carbon
markets are rapidly evolving. A new scheme in Nezaland permits the trading of credits
from forest carbon in a compliance scheme, butasmfly small quantities of forest carbon
have been traded.

To date, most market transactions on forest carbmmcern the flows associated with

sequestering carbon rather than the service of geent storage of carbon in ecosystems.
Recently, however, a number of pilot projects ia tomain of REDD (Reduced Emissions
from Deforestation and forest Degradation) havenbsiarted. These projects sell carbon
credits from reduced carbon emissions to the athwygpgenerated by activities aiming to
reduce deforestation and/or degradation, hence d@mtain 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 storédgarbon in ecosystems is reflected in the
way carbon services are defined for SEEA Experialdbtosystem Accounting (see Chapter
3). In order to establish a price for carbon, stfistimate may be based on the price raised in
voluntary markets. Potentially, when complianceboarmarkets mature and further allow the
inclusion of carbon storage and/or sequestratioecmsystems, new (generally higher) prices
raised in these markets may be used to value carbon
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It may be that markets and trading schemes proid@od basis for estimating prices for

certain ecosystem services. However, care is neededderstand 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 compatible. An oladienv in this regard is that prices from

voluntary markets and prices due to regulation may equate to measures of societal
willingness to pay. Overall, in may be difficult ttetermine the extent to which prices from

these markets contain elements of consumer sugpld$ence are consistent with the SEEA
concept of market price.

Estimation of ecosystem services may also be pesisiihe context of biodiversity. Market-
conforming biodiversity mitigation mechanisms irddumitigation banking of biodiversity
credits, programs that channel development impseet find offset policies. A limited number
of biodiversity markets have been set up thatlfthi# basic characteristics of a market: (i) the
presence of buyers and sellers; (ii) a traded ugfigcting biodiversity; (iii) a market clearing
mechanism in which a price is established; and div)institutional setting regulating the
market and ensuring compliance. The traded unithése markets are commonly credits
related to species or to acreage of habitat coaderv

Examples of emerging biodiversity markets are (Yn€krvation Auctions in Victoria,
Australia; (ii) BioBanking, New South Wales, Ausiaa (i) Conservation banking (US); and
(iv) Wetland and Stream Mitigation Banking (US).€Toldest of these schemes is the Wetland
and Stream mitigation banking scheme, with totahuah wetland and stream payments
reported to be in the order of U$1.5 billion for080 These schemes allow establishing a
surrogate market price for the biodiversity uniggled in such markets, but in needs to be kept
in mind that the prices of the units strongly dapem the local ecological and institutional
setting and that it cannot easily be translateti¢osalue of biodiversity in other places.

Other valuation methods

A range of other valuation methods for non-marlatsgstem services have been developed
in the environmental economics literature. They dan broadly divided into revealed
preference and stated preference methods. Revpadéatence methods determine the value
of an ecosystem service based on observationsatédegoods in a market. For instance, with
the hedonic pricing method, the price of environtakoharacteristics of goods traded in a
market can be analysed. Other examples of revepteterence methods are: (i) the
production function method, travel cost method, #mel averting behaviour method. Stated
preference methods depend on questionnaires ofimgugs to analyse people’s preferences.
There are two main stated preference methods, ngenit valuation studies and choice
experiments. A short overview of these valuatioprapches is presented below.

Many of these valuation methods include elementsasisumer surplus. For instance, the
travel cost method exclusively examines the conswmglus accruing to visitors undertaking
recreation in a specific ecosystem. Therefore, dpelication of these methods in an
ecosystem accounting context should be undertakighh @aution, and value estimates
obtained through these methods should be examimetbtail, and where needed adjusted
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prior to use in an accounting context. Given thahynof the valuation studies undertaken in
the environmental economics literature are prefeebased, and include — explicitly or
implicitly — consumer surplus this means that theey be a distinct lack of data for monetary
valuation of ecosystem services for the purposecobunting. It also suggests that developing
ecosystem accounting in monetary terms may regigréficant investment in data collection.

Production function methodsstimate the contribution of ecosystem servicepramuction
processes in terms of their contribution to theugadf 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 seedgcProduction function methods can also
be used to value indirect use values generatecgdmylating services such as the storm and
flood protection service, by disentangling theintrioution to the generation of outputs traded
in a market.

Hedonic pricing methodanalyse how environmental qualities affects theepgpeople pay for
market products or assets. For example, hedornsigrcan 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. Irctse, hedonic pricing involves decomposing
sale prices of houses into implicit prices for fineperties of the house (e.g. number of rooms,
size of the lot, etc.), other factors, and localsystem services. Hedonic pricing may also be
used in valuing ecosystems, for example, foredtgravthere are a range of possible uses, and
hence ecosystem services, which each need todedpkiedonic pricing in this situation may
also reveal option values where there are podssilto alter the use of an ecosystem in the
future. The application of a hedonic analysis regpiia large amount of data to enable all of
the various characteristics of the land areasudiol the availability of ecosystem services,
to be captured.

Averting behaviour methodare used as an indirect method to evaluate thgnkess of
individuals to pay for improved health or to aveiddesirable health consequences. Averting
behaviour models are based on the presumptiorpéuatle will change their behaviour and/or
invest money to avoid an undesirable outcome tliegufrom ecosystem degradation. The
incurred expenditures provide an indication of nenetary value of the perceived change in
environmental conditions. Contrary to the replaephtost valuation method (see above), the
averting behaviour method is based on individuafgrences. For example, in the presence of
water pollution, a household may install a filter the primary tap in the house to remove or
reduce the pollutant. It is necessary for househtiddbe fully aware of the impacts on them
resulting from environmental changes in order fids tnethod to be applicable.

Often, ecosystem services associated with recredtigites are priced using the travel cost
method This method estimates the price of the ecosysterdices based on the amounts
consumers may be willing to pay based on estimatats of visiting a recreational site. As
with production function methods a challenge isdisentangle the contribution of the
ecosystem to the overall recreational experienegaBse this method focuses on estimating
willingness to pay, albeit from a perspective ofaaled prices, it incorporates measurement
of some of the consumer surplus generated forovssito ecosystems. Hence it does not
provide estimates of prices that are consisterit thik SEEA valuation principles.
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Stated preference methoae designed to capture information on peoplelingness to pay

for ecosystem services but without involving actp@yment. The most important approaches
are the Contingent Valuation Method (CVM) and rethtmethods (including choice
experiments and conjoint analysis). Contingent atiun studies typically ask respondents to
state a value they attribute to a certain ecosysémwsystem property or ecosystem service.
Choice experiments ask respondents to compare @system, ecosystem characteristic, or
ecosystem service with a marketed good or serlficeonjoint analysis, survey respondents
are typically given alternatives to consider (eliyee management options with different
implications for ecosystem services supply). Faheaf these stated preference methods, the
set-up of the questionnaire is critical; responslerged to be presented a credible case for a
potential payment for an ecosystem service. Ecotrienprocedures can then be used to
reveal monetary values on the basis of choicearnks:

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. However, there
are several points of criticism against CVM anaited methods. CVM estimates are sensitive
to the specific framing of the questions elicitiegtimates of willingness to pay. For example,
the sum of the values obtained for the individuahponents of an ecosystem is often much
higher than the stated willingness-to-pay for thesgstem as a whole. In addition, CVM may
appear to overestimate economic values becausen@spts do not actually have to pay the
amount they say they would be willing to pay faseavice. Hence, monetary value estimates
obtained with CVM and related methods need to batéd with some caution. In addition,

these methods incorporate consumer surplus antiemefore not necessarily aligned with the
SEEA valuation principles.

The Simulated Exchange Value Approach

A number of the valuation approaches describedalan be used to derive a demand curve
representing the willingness to pay for particldaosystem services (e.g. travel cost method,
averting behaviour method). Consistent with thewlsion on concepts of value in Section

5.2, a possible step in the estimation of markigtepris 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 marikag, from hypothetical market.

An approach has been developed that seeks to ddsplogic. The Simulated Exchange
Value approach is an alternative approach to wellased valuation which has been proposed
by a team of Spanish economists in the specifidesttrof green accounting in the forestry
sector. The approach aims to measure the incomevthdd occur in a hypothetical market
where ecosystem services were bought and solivdives estimating a demand and a supply
curve for the ecosystem service in question and thaking further assumptions on the price
that would be charged by a profit-maximising reseumanager under alternative market
scenarios. It then takes the hypothetical reverssaaated to this transaction (but not the
associated consumer surplus) as a measure of ghlie flow of ecosystem services (see
Figure 5.2).
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5.86 The Simulate Exchange Value approach estimategatine of ecosystem services in terms of

Simulated Price
(MWTP for
access)

potential revenue and can therefore arguably reptes more consistent basis for including
their value in national accounts alongside monetanysactions.

Demand

Q. Q. Quantity

Figure 5.2 The Simulated Market Price Approach uses demaddsapply curve information for the
ecosystem service in question to estimate a hypo#henonopoly price (P*m ) and competition price
(P*c). It then estimates the associated revenderuime demand curve by multiplying these prices fo
the associated, hypothetical quantities. What thpraach does not do is to include in these
calculations consumer surplus (areas A under mdypapdA+B+C under competition in the picture).

5.87

5.88

5.5
551
5.89

Incorporation of cost of degradation in valuing sgstem services

Generally, the valuation approaches described aboveot take full account of the negative
impacts of economic and other human activity onsgstem assets, i.e. ecosystem
degradation. Thus, either explicitly or implicitiige approaches assume the ecosystem will be
used sustainably. Since this is often not the dhsee is a risk that the valuation approaches
will understate the “true” value of ecosystem segwiin terms of capturing all of the relevant
missing prices.

Some approaches exist to measuring the value oadatjon separately (e.g. restoration cost,
value of ecosystem resilience) but more researcheieded to either (i) integrate these
approaches with approaches to valuing individualsgstem services; or (ii) to develop
pricing methods that do not require assumptionsiahow the ecosystem is used.

Key measurement issues in valuation
Measuring regulating services

Unlike cultural or provisioning services, the bigpltal performance of the regulating
services, and thereby their economic value, isigrfted by the state of other ecosystems in a
specific area. For example, the relation betweem dhea covered with forest and the
regulation of downstream flood levels is non-linemsmall reduction of forest cover will not
reduce the service much, and in a watershed whigla forest cover initially the different
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plots have a low marginal value related to floodtoal: conversion of one or a few plots does
not lead to increased flood risks downstream. H@rewhen forest cover is further reduced,
the impact of one unit of extra deforestation @od risk will often strongly increase. This is
typical for many regulating services. For ecosysternounting, this means that prices of
regulating services will normally be variable owane as a function of the state of the
ecosystem.

The price of the regulating services will also varyer time as a function of economic
development: the more people live in the area whisgeregulating service takes place, and
the more economic activity they engage in, the éighe value of the regulating service. In
the most extreme case, if no one is living in theaawhere the regulating impact of the
ecosystem is felt, the value of a service may be.Zdence, marginal value estimates for
regulating services will need to be updated forgaecounting cycle.

Aggregation

For the purposes of ecosystem accounting, the deragion of valuation must go beyond
determining appropriate approaches to the estimatib prices and value for individual
ecosystem service flows. In order to integrate rnamgeestimates of ecosystem services
within broader accounting frameworks it is necegtarundertake aggregation. Aggregation
itself must be considered from a number of diffegeerspectives: (i) aggregation of the value
of different ecosystem services within a singlesystem; (ii) aggregation of the value of
ecosystem services across multiple ecosystems(iigrabgregation of the value of expected
ecosystem services flows to provide an estimath@fvalue of an ecosystem asset. Each of
potential aggregation is considered in turn.

Aggregation within a single ecosystem

In concept the logic here is akin to the additidrvalues of output from an enterprise that
produces a range of different outputs. Thus, fagiven accounting period, it should be
possible to sum the estimated value (price timesntjty generated) for each ecosystem
service. This may be able to be used to compareatue of ecosystem services provided by
different ecosystems and also allows the relatalees of different ecosystem services within
an ecosystem to be compared.

While simple in concept, it must be assumed thelh @é@osystem service is independent or, at
least, that the level of service generated takiEsdocount that some ecosystem services are
dependent on other services. In practice, it magifieult to isolate ecosystem services in
terms of their price and quantity. Aggregation bisttype should ideally also take into
consideration cross-ecosystem dependencies.

Aggregation within an ecosystem may be complic#ttedugh the use of different methods of
pricing for different ecosystem services since dlierall 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 éxtetiis complication may be more limited.

Finally, it is observed that the meaningfulnessthad resulting sum of values of different
ecosystem services depends on the coverage of ¢hsumed ecosystem services. In cases
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where the measured ecosystem services do not pravidlatively complete coverage of the
set of ecosystem services then the overall valliebeiof limited usefulness. In this regard,
the comprehensive measurement of ecosystem séiawee in physical terms is an important
starting point.

Aggregation across ecosystems

Aggregation across ecosystem confronts the sarmessss just outlined, and also issues of
value transfer, to the extent that direct obseovatdf each ecosystem service in each
ecosystem is not possible. In general terms vahrester involves using information from a
single ecosystem to estimate values in anothetdagiracosystem after adjusting for various
characteristics such as size, proximity to popotatientres, etc. Value transfer is discussed
further in the following sub-section.

It is to be expected that as the range of ecosysypms increases and as the number of
ecosystems and ecosystem services increases, firegation issues will become more
complex. Depending on the analytical questions uindeestigation this step of aggregation
should be undertaken cautiously. It is noted thatdy be of interest to aggregate the values
of a single ecosystem service as generated fromn@er of different ecosystems. This is
likely to still require value transfer methods bloes not bring into consideration any issues of
aggregation of different ecosystem services.

Aggregation to create values for ecosystem assets

For certain purposes it may be relevant to compigasures 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 theogagpof discussion here, the starting point
in estimating aggregate values of ecosystem agséhsit the expected future flows of each
ecosystem service can be valued and then discotmtee current period. This derives a Net
Present Value based estimate of ecosystem asskt®llows the same accounting logic as
applied in standard asset accounting.

The measurement of NPV based estimates of ecosystsets raises a number of challenges.
These include:

(i) The need to make assumptions as to the compositi@cosystem services flows
into the future. Most likely it is only relevant an accounting context to determine
this composition based on a continuation of busimssusual rather than developing
a range of alternative scenarios for the use ofettesystem. (The development of
alternative scenarios for analytical purposes &sjlide as an extension of the SEEA
Experimental Ecosystem Accounting.)

(i) As part of developing expected estimates it is semgy 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 whitghdelivery of the current set of
ecosystem services is sustainable.
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(i) As with aggregation within ecosystems a challengenains to understand
dependencies between ecosystem services but alsgtd¢ot an understanding of
these dependencies into future periods.

(iv) Derivation of NPV estimates requires the selectiban appropriate discount rate.
This is by no means straightforward and dependinghe context may require
consideration of various equity and other socialiés including intergenerational
equity. The SEEA Central Framework discusses disicoates and concludes that
for the purpose of alignment of SEEA values with 8NA it is necessary to select
marginal, private, market based discount ratesRiv alculations. This may not be
considered appropriate for ecosystems as a whoteseviialue may be considered
not properly reflected at the margin.

Given all of these considerations, careful thowgtduld be applied before applying standard
NPV approaches to the valuation of ecosystem ad3etsending on the analytical and policy

requirements, aggregate measures of ecosystens asagtnot be required. It is also noted

that where integration of values for ecosystem tasggh the values of other assets (e.g.
produced assets such as buildings and machinesn@ngroduced assets such as land) is
intended, care should be taken to ensure that siiges of expected flows of ecosystem

services and the expected flows of income from peed and other assets can be
disentangled. This may be particularly relevanassessing the value of land as distinct from
any associated ecosystem asset.

One motivation for undertaking these valuationsoigietermine the change in the value of
ecosystem assets and hence to derive measureesystm degradation in monetary terms.
Issues concerning the definition and measuremergcokystem 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 cergibn of all of the factors listed above and
cannot be simply related to movement in the pranes$ quantities of ecosystem services in a
given accounting period. Under this approach tegstem degradation it is the change in the
full time series of expected ecosystem servicesdlthat is important.

Benefit transfer

The discussion of valuation for ecosystem accognti focused on the development of
estimates in monetary terms for large regions auntries that may be used for the
development, implementation and/or monitoring oblpu policy. Much work on valuation
has focused on the valuation of ecosystems and/stems 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 alathe value of ecosystem services is
fragmented, covering only specific services ovdairge area, or multiple services in a more
confined area, or changes in the flow of ecosyssemvices following a specific event. In
general, great care must be taken when value dsnfiar ecosystem services or ecosystem
assets are extrapolated to other areas.

There are two types of approaches to benefit teanefspectively value transfers and ‘meta-
analysis’ function transfers. A value transfer &l single estimate of the value of an
ecosystem service, or an average of several valiraates from different studies, to estimate
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the value of an ecosystem service in a differenteod. The most comprehensive way to carry
out benefit transfers is to use meta-analysis, wtakes all existing studies and then estimates
a relationship that gives changes in the valuescobkystem services as a functioninfer
alia, site characteristics, attributes and size of [aimn affected, and the type of statistical
method used in the analysis of existing studiess iEhthen transferred to the new application
in a procedure referred to as meta-regression-tednsfer, which gives a range of values to
the new application depending on the charactesistobedded in the meta-regression.

This approach is well suited to developing estimdbte additional sites but may need to be
supported with other techniques in order to prowdemates at larger scales, including at the
national level.

The values provided by ecosystem services are sftemgly dependent on the biophysical,
economic and institutional context, which makedifiicult to assume that value estimates of
specific services apply also in a different conté&urthermore, ecosystems are likely to be
highly interdependent because in nature everytmngpnnected. The value of one unit of an
ecosystem is therefore likely to be contingent be existence or proximity of other
ecosystem components. In these situations, aslsetsvare known to be interdependent rather
than unique (as is the case with values revealegguar markets). Given the likelihood of
differences in quality of ecosystem services betweeosystems, a simple value transfer
based on average prices is unlikely to be apprpead meta-analysis function transfers are
likely to be required.

At the same time, there is still relatively scaraf data on the monetary value of ecosystem
services, and different valuation studies may bsetiaon different assumptions and using
different methodological constructs. Hence, bengfinsfer is prone to a high degree of
uncertainty, in particular if done poorly.

Uncertainty in valuation

There are significant sources of uncertainty insgstem accounting. These can be grouped in
four main categories: (i) uncertainty related tygbal measurement of ecosystem services
and ecosystem capital; (ii) uncertainty in the atibn of ecosystem services and assets; (iii)
uncertainty related to the dynamics of ecosystamdschanges in flows of ecosystem services;
and (iv) uncertainty regarding future prices anhi@a of ecosystem services.

(i) Uncertainty related to physical measurement of g&i@$n 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
prone to uncertainty. Most countries do not coesidy measure flows of
ecosystem services at an aggregated (national em sub-national) scale, and
services flows need to be estimated on the basisonift based observations in
combination with spatial data layers and non-spat#istics. At the same time, it is
noted that information related to flows of provisiog services are generally,
readily available.

(i) Uncertainty in the valuation of ecosystem servanas ecosystem assetd second
source of uncertainty relates to the monetary valfieecosystem services. For
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provisioning services, a key aspect is that attiiigua resource rent to ecosystems
involves a number of assumptions regarding renteigged by other factors of
production. For non-market ecosystem services, aften difficult to establish both
the demand for these services and to reveal thelsuf these services by
ecosystems, in particular at an aggregated scale.

(iif)  Uncertainty related to the dynamics of ecosystemd ahanges in flows of
ecosystem services Establishing the value of ecosystem assets nejunaking
assumptions regarding the supply of ecosystem casnvdver time, which in turn
depends on the dynamics of the ecosystem. Changasosystem assets will often
be reflected in a changed capacity to supply etesysservices. It is now
recognised that ecosystem changes are often suit@efying thresholds at which
rapid and sometimes irreversible changes to a mesystem 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 farsuligtaure 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 battatfect and to depend on how the
future evolves. Uncertainties concerning valuesearen greater inasmuch as the
methods of nonmarket valuation compound errorsiimation.

5.108 The best strategy to deal with the sources of daicgy will vary per country as a function of
data availability and relevant services selectedefsystem accounting. Given the limited
experience to date with analysing ecosystem sexvitc®oth physical and monetary terms at
the national level the approaches to limiting theseertainties and maximise the robustness
of ecosystem accounting will need to be furtheredtlgwyed once more practical experience
with ecosystem accounting has been gathered aridated. The experiences gathered with
national level assessment of ecosystem serviceplysigve also highly relevant in this
context®*

% See for example the UK National Ecosystem Assess(2810)
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Chapter 6: Accounting for ecosystems in monetary tens

Introduction

Accounting for ecosystems in monetary terms is rapoirtant consideration in ecosystem
accounting since a common objective is to bringetbgr information on ecosystems with
measures of economic activity which are usuallynonetary terms. One way of bringing this
information together is to create combined presmmta that include measures in physical
terms for ecosystem services or ecosystem assetsstandard economic measures such as
value added, income, and employment. Followingdiscriptions in Chapter 6 of the SEEA
Central Framework, these combined presentationstaiaya variety of forms depending on
the topic or question of interest. Section 6.2 dbses relevant measurement issues.

A second way of considering ecosystem accountingn@metary terms is to bring together
valuations of stocks and flows of ecosystem asea&dsan ecosystem asset account following
the standard asset account structure outlined enSBEA Central Framework. Although
seemingly straightforward, the development of amsgstem asset account in monetary terms
does require the use of some significant measureassamptions, most prominently that it is
possible to derive the value of an ecosystem abaenas the sum of the discounted future
stream of ecosystem services. Section 6.3 disctissaglevant assumptions and approaches,
with a particular focus on the measurement of estesy degradation in monetary terms.

A third approach is to integrate the valuationgodsystem services and ecosystem assets in
monetary terms within standard national accourasméworks and aggregates. There are a
number of motivations for considering this integmtgenerally around the notion that the
standard economic measures of production, consampticome and wealth are not designed
to fully account for the non-market services thabsystems provide to people and the
economy. It is therefore usual for work in thisate start from the concepts and structures of
the SNA and seek to find ways in which alternatresentations and aggregates may be
formulated.

This chapter introduces possible areas of integratetween ecosystem accounting and the
SNA but deliberately refrains from providing recoemdations. This is done for a number of
reasons:

() First, there are strong contrary views about thammgfulness of any integrated
measures and accounts in light of the assumptieqsined for valuation and
consequently, about the ability to use integrategsures and accounts for policy
purposes.

(i) Second, there are concerns from the official stesicommunity about whether the
types of adjustments and extensions to the SNAdmaicommonly described fall
within scope of the purview of official statistics.

(i) Third, there has been no definitive conclusion he technical discussion on
integration of ecosystem accounting with the SNAI alternative presentations
may be justified depending on the particular envinental situation or question of
policy interest.

(iv) Fourth, there remains a range of significant meament challenges.
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Notwithstanding these concerns, SEEA Experimentabsistem Accounting would be
incomplete without recognition of the consideral@&ort 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.

Combined presentations for ecosystem accounting
Introduction

Combined presentations are a way of assessing ekamgtocks and flows of ecosystems in
the context of standard measures of economic fctivithout undertaking the step of
valuation of ecosystem services and ecosystemsaggeexample of a combined presentation
is one comparing expenditures on environmentakptimn in monetary terms and changes in
ecosystem condition in physical terms.

In combined presentations for ecosystem accourttingmost significant area of interest is
likely to cover linking physical measures of ecdsyss with standard economic transactions
that are considered related to the environment. SJEEA Central Framework Chapter 4
covers the recording of the relevant transactiogs (j 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) outljnithe 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
that the treatments in the SEEA Central Framewogketéaborations of the treatments of the
transactions from a standard SNA perspective amtis no requirement to adopt alternative
treatments of the same transactions for ecosysteguating.

At the same time, since ecosystem accounting reptesa different perspective on
environmental accounting more generally, this sectiutines some particular aspects of the
general treatment of transactions related to theg@mment that are likely to be most relevant
when assessing ecosystems. The particular aspgtited are: information on environmental
activity; linking ecosystems and ecosystem servicesconomic activity; and the treatment of
payments for ecosystem services.

It is noted that the discussion of combining ect®mysaccounting with standard national
accounts is increasingly relevant as countriesh bmdtionally and multi-nationally, are
recognising the scarcity of some ecosystem sena@ndsare developing policy instruments to
manage this scarcity. Where new property rightsestablished and new transactions arise,
there becomes an overlap between the aim of adfu$tr environmental concerns and the
inclusion of these transactions in the existingnieavork of the SNA. Thus, for example, the
treatment of payments for tradable emission pensié important issue for the SNA as there
are actual transactions, assets and liabilities thast be recorded. To the extent that
ecosystem services are “internalised” in the SNWré is need to understanding the changing
measurement boundary. This is covered in sub-se6tih4.
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6.2.2 Information on environmental activities

6.11 As defined in the SEEA Central Framework, environtakactivities are either environmental
protection activities or resource management digts/i These are economic activities within
the production boundary of the SNA that have a arimpurpose of either the prevention,
reduction and elimination of pollution and othernfe of degradation; or preserving and
maintaining the stock of natural resources. Gehgridlhas been expenditure on these types
of activities that has been the focus of accountimayever, increasingly there is interest in
measuring the production of environmental goods sargtices, i.e. those products produced
for the purpose of environmental protection or rwse management and relevant adapted
goods. (For details see the SEEA Central Framevitinapter 4).

6.12 From the perspective of ecosystem accounting timerg be particular interest in combining
information on ecosystem services and ecosystegtsagdth information on expenditure on
environmental protection or resource managemettielfnformation 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 eltawith information on associated changes
in ecosystem condition.

6.13 Conceptually, it is possible to build more completvironmental protection expenditure
accounts at a spatial level. However, it is likelybe difficult to obtain sufficient information
and there may be little analytical value in undang this work beyond describing
connections between levels of expenditure and @mimgecosystems.

6.14 At the same time, at a national level, it may befuisto focus on the development of
expenditure accounts for subsets of environmentateption and resource management
activity that are particularly focused on the mair@nce and restoration of ecosystems. The
compilation of targeted statistics on the productié ecosystem related environmental goods
and services, with the framework of statistics cBIS, may also be of interest. These
statistics would, for example, provide informatiom the share of overall value added
contributed to the economy through the productibigands and services that are designed
specifically for the protection or management aigstems.

6.2.3 Linking ecosystems and ecosystem servicegtmnomic activity

6.15 The focus of this area is on providing informat@mnthe relationship between ecosystems and
standard measures of economic activity. While dw$ of ecosystem accounting is often on
the additional, unpriced services provided by estmwys, there is also interest in
understanding the significance of the relationdlgépveen ecosystems and standard measures
of economic activity, such as GDP.

6.16 A useful approach is to spatially disaggregate messof economic activity, perhaps using
information on land use or land ownership, such floavs of ecosystem services and changes
in ecosystem assets can be related directly to umeaf output, employment and value
added in the same spatial areas. (It is notedtliegamost appropriate spatial boundaries will
vary for different ecosystem services and this nmeed to be taken into account in
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interpreting any detail spatial information.) Addital benefit would be gained by also
integrating estimates of population at fine geografevels.

The allocation of economic activity to small spataeas can be conceptually difficult and
may require the use of various indicators. For ganthe 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 industaied activities for which a clear link can be
established between an ecosystem and the locafiotheo production — for example,

agriculture, forestry, fishing, and tourism. Thigfarmation may be of particular use in
considering the allocation of ecosystem degraddtiG@tonomic 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 mde, payments of certain environmental
taxes, payments of rent on natural resources, patgnodé environmental subsidies and similar
transfers may be combined with standard economdizamors and indicators of ecosystem
services and assets to provide a more completareict the relationships between a given
ecosystem and the economy.

Treatment of payments for ecosystem services

A specific case of a link between ecosystems arah@ic transactions is the case of
payments for ecosystem services (PES). PES havedsdimed as voluntary and conditional
transactions over well-defined ecosystem serviedwden at least one supplier and one user
(Wunder, 2005). In the context of PES the paymentate 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 tretitsas.

Since PES are monetary transactions in scope oBM# 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. Rathgment is made to an economic unit who,
in return, undertakes various remedial actionstmnges patterns of use of the ecosystem
(including potentially not undertaking economiciaity), with the objective of maintaining or
increasing the supply of ecosystem services.

Given the conceptualisation for ecosystem serviteg has been developed in SEEA
Experimental Ecosystem Accounting it is reason&bleonclude that any payments reflect the
“marketisation” of flows which might otherwise berwidered outside the scope of the SNA
production boundary. Thus, the situation is analegtm the treatment of the provision and
consumption of services within the home. FollowBi§A, child care by parents at home is
considered outside the production boundary, butrevichild care services are provided by
economic units in return for money (or similar) tlaetivity in considered inside the
production boundary. In this sense PES represeext@msion of the production boundary and
the output of the economic unit receiving the paynshould be increased. At the same time,
the unit may also be required to incur current eaqgital expenditure and these are likely to be
already recorded following SNA accounting practices
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In a combined presentation, a spatial organisatibrinformation is relevant. For given
ecosystems a combined presentation may show floWES together with information on the
flows of ecosystem services and measures of e@myassets. In addition, where payments
are made for the undertaking of ecosystem maintanan restoration activity, it would be
relevant to link this information with informatioan expenditure on these activities (see
previous sub-section) and ensure consistent adoguoitthe relevant transactions.

Accounting for ecosystem assets in monetary tes
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 Setral Framework, this section outlines
the possible structure of an ecosystem asset acitomonetary terms.

Underpinning the development of an asset accouthi@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 sefldves are interpreted as analogous to
income flows. Since the set of ecosystem serviowdldescribed in SEEA Experimental
Ecosystem Accounting contribute to both SNA and-8bIA benefits, it implies that the
production boundary, and the associated boundafieensumption and income, are broader
in SEEA Experimental Ecosystem Accounting compaoeitie SEEA Central Framework and
the SNA. The extension of the income boundary erssthiat there is alignment between the
characterisation of the asset and production baiggla

The application of the standard asset accountingleinéo ecosystem raises numerous
concerns that must be considered before undertakioly an accounting exercise. A particular
concern is the implicit assumption of weak sustailitg, i.e. the potential substitutability
between different assets (generally between prabaod non-produced assets), that is made
when stocks and flows of ecosystem and environrhastets are valued using net present
value techniques. These concerns are heighteneah wakies of ecosystem assets are
integrated in extended wealth accounts (see Se@tirbut are relevant here as well.

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 mgears and the key elements of the

discussion are summarised. The discussion buildhexdiscussion of ecosystem degradation
in physical terms in Chapter 4 and readers are wnged to review that material before

considering valuation issues. Overall, there agmiicant conceptual and measurement
challenges involved in developing ecosystem assetumts and this section is intended to

introduce the possibility rather than recommendr tt@mpilation.

The structure of ecosystem asset accounts

The broader standard asset accounting model petmitdevelopment of estimates of the total
value of an ecosystem asset in monetary termsorigept, the value of an ecosystem asset
may be considered to be equal to the discountacksalf expected ecosystem service flows.
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These discounted values provide the opening amsingjcestimates of ecosystem assets in
monetary terms and can be presented in the foramasset account following the structure
described in the SEEA Central Framework.

The basic structure of an ecosystem asset accowhioivn in Table 6.1. Since the estimates
are compiled in monetary terms, estimates for diffe ecosystem assets can, in theory, be
summed to provide higher level aggregates. Thernmition might also be presented in
combination with information in physical terms.

Table 6.1 Stylised Ecosystem Asset Account Entries

Ecosystem accounting unit

Opening stock of ecosystem assets

Additions to stock of ecosystem assets

Regeneration - natural (net of normal naturads$

Regeneration — through ecosystem enhancement

Reclassifications

Total additions to stock of ecosystem assets

Reductions in stock of ecosystem assets

Extraction and harvest

Catastrophic losses due to natural events

Catastrophic losses due to human action

Reclassifications

Total reductions in stock of ecosystem assets

Revaluations

Closing stock of ecosystem assets

Ecosystem degradation is not shown explicitly ie tsset account as it represents the
differences between various additions and redustionecosystem assets. As explained in
Chapter 4 there are a range of perspectives thgt baataken with regard to ecosystem

degradation, especially in relation to the accauntireatment for ecosystem conversions.
Further discussion on the measurement of ecosyskegnadation in monetary terms is

presented in the following sub-section.

The value of ecosystem degradation is only pagogbunting 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

e regeneration through ecosystem enhancement
e significant natural causes, e.g. floods, fires, etc
» reclassifications

e revaluations

Major restoration of ecosystems during an accogrpieriod should be recorded separately as
an addition to ecosystem assets. This may occureXample, when major replantings of
native species in deforested areas are undert&ke. regeneration should not be considered
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an “offset” to reductions in ecosystem assets dukarvesting of timber resources in other
forest areas.

Accounting for major restorations of ecosystemates to a standard national accounts entry
for expenditures on land improvements. These expgrd constitute a type of gross fixed
capital formation and are included in the accowdhied on the basis of the costs of
undertaking the improvements. In a full asset antfor ecosystems, care should be taken to
appropriately integrate these flows of capital fatibn with changes in the value of the
related ecosystems.

Measuring ecosystem degradation in monetargntms
Valuing ecosystem degradation using expected eevsyservice flows

Since in monetary terms an aggregate value forat@pgescosystem services flows is derived,
the most straightforward approach to measuring yastes) degradation is as the change in
value of expected ecosystem service flows overcanumting period. However, in the case of
ecosystem conversions there is a change in theeba$lecosystem services and 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.

Restoration cost

If ecosystem degradation is considered to relalgtorreductions in ecosystem condition it is

not possible to apply standard asset accountingeledd value and incorporate measures of
ecosystem degradation using expected ecosysteritesdiows. In this case the ecosystem

asset is conceptualised as a single unit and eensydegradation is valued in an aggregate
sense rather than being considered in terms ofrageaecosystem service flows. The most
common approach to valuation in this situationcigiétermine 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 oftaration cost approach. These include that
the implicit price does not reflect a market pritleat it is unclear whether the ecosystem
should or could be restored to a previous conditma that the use of an aggregated approach
is not conducive to a full allocation of costs étevant economic units.

At the same time the approach is a direct measfira possible value of ecosystem
degradation that can be estimated in a manner cognosed in the estimation of the value
of public goods in the national accounts. Furtlearen if not used to value degradation,
estimates of restoration cost may be of interetitéir own right.

Damage-based and cost-based values of ecosystaaddégn

Historically, the discussion on the measuremerdaafsystem degradation in monetary terms
has revolved around whether the matter should peoaphed from the perspective of “how
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much damage is caused by ecosystem degradation*called damage-based estimates; or
whether it should be approached from the perspeaiv‘how much would it cost to avoid
ecosystem degradation” — cost-based estimates.eTlvas no expectation that estimates
obtained from the different perspectives shouldjralalthough the extent of ecosystem
degradation in physical terms was assumed to bsahe in each case. The differences and
the relevant accounting implications are describatktail 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 perspedaivessignificant degree. Thus damage
based assessments should focus on the value okdoetion in the capacity to generate
ecosystem services, and cost-based assessmentd &haus on the cost of avoiding or
modifying the human activity that is causing th@®stem degradation (avoidance costs).
These two values may be quite different and habiotp 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 environnientheory, 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 itun. In practice, ensuring that extent of
damages is appropriately attributed to assets #hatithey are only recorded once is likely to
be a complex accounting exercise. It is necessappmsider (i) whether the changes in the
ecosystem are normal and long lasting, (ii) thkdges to related effects such as productivity
and human health which may or may not be capturetie SNA, and (iii) the relationship
between the value of an ecosystem service andailne of the benefits to which an ecosystem
service contributes. Overall, integration of dambgeed measures of ecosystem degradation
within standard national accounting requires afoheeticulation.

Allocation of ecosystem degradation to economitsuni

Whatever approach taken to the measurement of steosydegradation, there may be interest
in understanding the relationship between ecosystgnadation and specific economic units
— enterprises, households, and governments. Inrédgard a choice must be made as to
whether the measures of ecosystem degradation metany terms are allocated to economic
units in terms of the ecosystem degradation thexsedhrough their economic and human
activity (activity based allocation), or the cogtigy incur (in terms of lost income) as a result
of degradation (receiver based allocation).

Allocation of ecosystem degradation to economidsuon a receiver basis is likely to require
assumptions concerning the relationship betweemaniz units and their use of flows of
ecosystem services. Allocation to economic unitsuomctivity basis will require assumptions
about the relationship between the causes of datjoad and economic units. These
allocations may be difficult because there will heta neat spatial relationship between the
location of an ecosystem, the location of the eotinaunits that cause the degradation, and
the location of the users of the ecosystem. Furtihanay be necessary to understand and
account for differences between the time at whichsgstem degradation occurred and the
time at which the impacts of the degradation weleldy the various economic units.
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Integration of ecosystem accounts and econonaccounts in monetary terms

Introduction

6.42 This section introduces three areas related toirttegration of ecosystem accounts with
economic accounts of the SNA:

6.43

6.44

() The compilation of wealth accounts that comparevhiees of ecosystem assets
with values of produced assets, financial asseid ljabilities), and other economic
assets in an extended balance sheet.

(i) The compilation of a sequence of economic accaakiag into account ecosystem
services and other ecosystem flows, especiallyystes 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 integrated within standard econanticunts depends on the underlying
approach taken to the conceptualisation of ecosystesets and ecosystem services. Where
the value of ecosystem assets is conceptualiskeiag directly related to expected ecosystem
service flows, then there is the potential to depeintegrated sequences of accounts,
degradation adjusted measures and wealth accoWfitere this direct connection is not
assumed such integrated accounts cannot be compiled

This section introduces what may be possible buibeately refrains from providing
recommendations. This is done for a number of resaso

() First, although there are a range of commonly aldaied reasons for developing
adjusted or extended accounts in monetary ternese tre strong contrary views
about the meaningfulness of any alternative measurdight of the assumptions
required for valuation and consequently in theigbib use adjusted measures for
policy purposes.

A particular consideration concerns the implicitsasption of weak

sustainability, i.e. the potential substitutabilibetween different assets
(generally between produced and non-produced asHeds is made when
stocks and flows of ecosystem and environmentaetasare directly

integrated with stocks and flows of economic assetsonetary terms. The
relevant assumptions can also be seen from thepemtige of the

maximisation (or maintenance) of an extended canziepealth.

In contrast it is possible to consider that différesssets may not be
substitutable in a range of situations — this viemderlies the “critical

natural capital” approach. Consequently, the amires to valuation that
are commonly used to integrate values of ecosystmwices into standard
national accounting structures may not be apprteria

(i) Second, from a measurement perspective, there memaiange of significant
conceptual and measurement challenges, particutatirms of aggregation within
and across ecosystems, that make it difficult teus:1 a coherence between the
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adjustment being made (e.g. ecosystem degradadinsh)the existing accounting
entry (e.g. GDP).

(iif)  Third, there are concerns from the official stastcommunity about whether the
types of adjustments and extensions to the SNAataicommonly described fall
within scope of the purview of official statistidd/hile the audience for the SEEA
is broader than official statisticians and SEEA &mxmpental Ecosystem Accounting
is not an international statistical standard, tB&S remains a document developed
and managed by the international statistical systethhence its content reflects on
that system.

* A particular touchstone here is the extent to whith estimates used to
populate accounting frameworks are based on dwobserved data or
based on outputs from a modelling process. Gengethls distinction is a
matter of degree since all national statistics irequassumptions of
various kinds to aggregate detailed observations. issue is the
robustness of the assumptions and the qualityeofitbdelling.

(iv) Fourth, although the potential of making adjustradntthe income accounts of the
SNA to adjust for degradation has been discussedvier 30 years, there has been
no definitive conclusion to the discussion and ralitive presentations may be
justified depending on the particular environmesitiation or question of policy
interest.

While there are a range of concerns at a techamdlinterpretative level, the use of estimates
in monetary terms can be useful in encouragingudision of ecosystem related information in
a context that is often more familiar to policy agies and other users. The “mainstreaming”
of ecosystem accounting information through the abeestimates in monetary terms is

perhaps the strongest rationale for their compitati

Work on adjusting or extending SNA income accowamis balance sheets must be considered
in the context of the concepts and measurementecigals outlined in Chapters 1-5 of this
document. Three aspects in particular must be igigield. First, adjustment requires
assessment of ecosystems in physical terms. Seamjdstment or extension requires
valuation techniques to be used to derive estimitamonetary terms. Third, adjustment
requires aggregated measures of ecosystem seavidescosystem assets.

Wealth accounts

It is common for measures of well-being and progres be considered in the context of
sustaining a broad stock of assets or comprehemsdadth. Various “capital” models can be
found in the literature which include economic, iemwmental, social, and human capital. In
some cases the different types of assets may hbegajgd in monetary terms or weighted
together to form composite indexes.

This sub-section does not describe measuremetitafftae different types of assets, rather it
focuses specifically on measurement challengesn@orporating ecosystem assets within
broader wealth measures.
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Unlike social and human capital which are not ideld in the SNA asset boundary, some
components of ecosystem assets are included iBNAeasset boundary and this needs to be
taken into account if measures of ecosystem assetsombined with standard measures of
economic assets based on the SNA. The followingnébary issues should be considered:

Treatment of biological resourceSollowing the SEEA all natural and cultivated Ibgical
resources are considered within scope of ecosyassets. Thus, in aggregating measures of
economic and ecosystem assets, care should bettakeoid double counting. Care may also
be required in considering the scope of cultivabéalogical resource that are intensively
managed (e.g. intensive livestock and horticulsystems) to ensure that the relevant assets
are recorded once only.

Treatment of mineral and energy resourddtese 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 proce§desse resources will generally need to be
added to ecosystem assets to obtain a broademnaftienvironmental 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)ydmit 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 doubletiog of peat soils.

Treatment of energy from renewable souré&snewable sources of energy (such as wind and
solar sources) cannot be exhausted in a mannetakssil 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 energlydhn be used up or sold. Rather the value
of the ongoing capture of energy from these souiseembedded in the value of the
technology used to capture the energy and the iassddand and water. Since these values
are not dependent on ecosystem operation, no vidueenewable sources of energy are
included in ecosystem assets. However, the valfieny energy capture technology and
associated land and water are likely to be includetdeasures of economic assets consistent
with the asset boundary of the SNA.

Treatment of waterDepending on the nature of the stock of wates itountry, some deep,
sub-soil water may be considered not part of ed¢esy®peration and hence would lie outside
the asset boundary of ecosystem assets. In thafdaltional valuation may be required.

Treatment of marine areas both the SNA and the SEEA Central Frameworkstoek of
water in marine areas is not valued. This is bezdhe stock of water is too large to be
meaningful for analytical purposes. In SEEA Expenmal Ecosystem Accounting the value
of marine environments is captured as part of thidous 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). Followitige asset boundary of the SNA and the
SEEA Central Framework some of these resourcesbmagcluded in the scope of economic
assets in circumstances where exploitation coti@sl been established and access rights are
defined through international agreements. From fleespective of SEEA Experimental
Ecosystem Accounting, no specific guidance is mledion the precise geographic scope that
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should be applied in the context of marine areasisTcare should be taken to align the scope
of aquatic resources captured in measures of bmihognic assets and ecosystem assets. In
this regard the treatment of migrating and stramdpfish stocks may be of particular interest.

Treatment of landin some cases, the value of land as recordederSNA will provide a
useful comparison point to the value of ecosystesets 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 serviegédeast from the perspective of those
ecosystem services within the scope of the SNA ymtion boundary. However, there are a
number of specific boundary issues that shouldonsidered:

(i) SNA land values will not capture the value of @lbsystem services. However, they
may include some effects of, for example, protecfimm 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 sicgnt extent, the impact of the
location of the land. This locational value doeg reflect a type of ecosystem
service. At the same time, the location of an estsy is likely to play a role in the
relative demand for certain ecosystem serviceshande will impact on the overall
value of those services. Consequently, the linke/éen land values and values of
ecosystem assets may not be able to be neatlggligthed.

(i) Some areas of land, perhaps of high ecologicalifsignce, may not be actively
traded (for example national parks) and hence noaye included in the scope of
the SNA asset boundary. These areas are in scadhe &EEA Central Framework
asset boundary in physical terms and, in the corg&ecosystem assets, values
should be included reflecting the range of non-Sbhékefits 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 used significant quantitidsecosystem services, both
directly and indirectly. While urban ecosystems niy of interest they may not
often be considered a focus of ecosystem accourtiagce, care should be taken
to ensure that the geographic boundaries beingieabjph the measurement of
ecosystem assets ensure appropriate coverage ridreimoand ecosystem assets in
urban areas.

Since the measurement of ecosystem assets is akeleidtarting from a spatial scale, ideally,
adjustments to align the measurement boundariegebat ecosystem assets and economic
assets should also be undertaken spatially. Thparigcularly the case when considering that
the value of the ecosystem does not lie in the @lits components but rather in terms of how
all of the components within a given area functidbhe best approach to aggregation may be
to determine the spatial scope of ecosystem asssig)ate 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 wei@tthe institutional sector level.
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Sequence of accounts

A sequence of accounts presents the relationskeipgelen all stocks and flows recorded in an
accounting system and embodies the relationshipiseimccounting framework. The starting
point for the SEEA sequence of accounts is thedst@ahSNA sequence of accounts presented
in the 2008 SNA. The sequence presents accounfwdduction, the distribution and use of
income, capital and financial transactions and rizasheets. While a sequence of accounts
may be developed for a country as a whole with $leaand from the rest of the world, a full
sequence of accounts also records entries betwkef the institutional sectors within an
economy, i.e. corporations, general government,sélooids and non-profit institutions
serving households (NPISH).

Compared to the SNA, the additional feature of sbquence 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 Chapterféh@ SEEA Central Framework. Overall, the
sequence of accounts shows very little variatiomfthe standard SNA sequence of accounts.

In ecosystem accounting, the structure of a seguehaccounts is more difficult to determine
because of the distinctive nature of ecosystemadiegion in accounting terms as discussed in
the previous section and in Chapter 4. Over the3agears a range of alternative accounting
proposals have been made.

The most significant structural choice for a segeenf accounts for ecosystem accounting is
whether ecosystems are considered to constitigparate quasi-institutional sector, alongside
corporations, general government, households, @&&MN, or whether ecosystem assets are a
part of the broader stock of assets used by theusinstitutional sectors and hence no

additional, quasi-sector is needed. An annex dassrin more detail the possible models

regarding a sequence of accounts for ecosystenuiaiicg.

Adjusted income aggregates

It has long been recognised that GDP and othemeameasures within the national accounts
framework should not be considered measures ofaveelor well-being. The 2008 SNA
outlines a number qualifications to GDP in thisamely including the scope of consumption,
issues of income distribution, the impact of exéravents (e.g. health epidemics, extreme
weather), externalities of production, and varioogs-economic impacts on welfare, such as
life satisfaction. In the context of environmengglenomic accounting there is no ambition to
account for all of these factors and hence anysaeljlincome aggregates that may be derived
should not be interpreted in the very broad semsenhay be envisaged.

Notwithstanding the effect of a focus only on eomimental factors that affect welfare, there
has been much investigation into income measurestad for what are generically referred
to here as “environmental costs”. If these costslianited to adjustments to income for the
costs of depletion of natural resources then th&/SEentral Framework provides the
appropriate accounting for derivation of depletajusted 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 degradaften these measures are referred to as
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Green GDP but this single term has been appliechaoy concepts and approaches and
increasingly is used in a different context to retethat part of the conventionally measured
economy that is considered environmentally rela@shsequently, it is strongly advised that
the term Green GDP be avoided.

The measurement of ecosystem degradation in mgnetans points to one way in which an

adjustment to income aggregates within the SNA beagdjusted for the costs of degradation.
To retain accounting consistency the income meastitemselves should be expanded to
incorporate the generation and use of ecosystemicesrthat are not captured within the

standard SNA production boundary. From this broadeome measure, a measure of
ecosystem degradation is deducted to derive defipadedjusted aggregates. While this basic
approach is possible, the underlying measuremeningstions and challenges are significant
and consequently, SEEA Experimental Ecosystem Auouy does not recommend or

endorse any specific approach to adjusted measfiiesome or any particular approach to
valuation.

Beyond those challenges already noted in this ehaphd as with all of the measures and
aggregates in monetary terms, adjusted income gagig® suffer from the difficulty that the
values of the environmental variables cannot gdigdrva made in a full, open market context.
Consequently, the valuations are, at best, estaradtprices at partial equilibriums. Extended
modelling is possible in which attempts are madestmate what GDP (and other income
measures) would be if alternative environmentalstraints 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 alternatbemarios and is thus outside the scope of
the SEEA.
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Annex to chapter 3: Approaches to the measurement gelected ecosystem services

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

the impression that ecosystem services are eagrable flows. In reality, the measurement
of ecosystem services must start from a more oksnse of an overall ecosystem and the
range of different services that effectively emefrgen the ecosystem as a bundle of services.
However, as a matter of statistical and scienéfiproach, direct measurement of this bundle
is not possible and hence a decomposition mustibgted.

Provisioning services
Provisioning services for crops

Agricultural production includes the production arinual and perennial crops in cultivated
land including plantations, see Figure A3.1. Thesgstem services comprise pollination,
abstraction of soil water and nutrient uptake amdtion. The farmer or land manager (i)

manages, on a regular basis, the overall produetntmironment, i.e. the farm or plantation,

for instance by constructing wind breaks or irrigatreservoirs, pruning, etc; and (ii) harvests
crops using labour and machinery. In practice, aynmot always be easy to distinguish
between these different inputs at an individuaimfdevel. Crop residues are recorded as
remaining in the field, and returned to the ecaaysfa type of intra-ecosystem flow).

Figure A3.1. Crop production

Farm inputs (labour, produced assets,
Intermediate inputs), e.g. for terracing,
seeds, fertilizer

Inputs for harvesting
(ILabour, produced assets,
Intermediate inputs)

Ecosystem services:
E Cosystem soil water, nutrients,

. pollination, etc,
(agricultural

land)
v

Cropresidues

Benetfit: 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
herbs, leaves from trees, etc. The livestock hgldiystem may be more or less intensive, for
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instance free ranging cattle grazing large stretabfesemi-arid rangeland, or dairy cattle
grazing confined pastures. The land manager magstnim 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 riggulh outputs of animals, wool, milk, meat,
hides, etc.

The ecosystem service can be measured in physicas tin terms of amount of fodder grazed
by animals on an annual basis. Fodder will normatiynprise different types of quality
(palatability, nutrient contents, etc.). A partall 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
[uputs to pastures e.g. fire control, Inputs animal holding

seeds for improved pastures e.g. herding,
veterinary care

Ecosystem services:
grass, other

ECOSystem animal teed

(rangeland)

Manure

Benefits: animals

Grazing by milk, meat, hides

domestic
animals

Provisioning of wood and non-timber forest products

Wood production includes the production of timbed direwood in natural, semi-natural or
plantation forests. Non-timber forest products (IN§)include 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 ctdtiVdiological resources and are evidenced
by relatively significant levels of economic actyiin the growing process including the
construction of fire breaks, reforestation with @pe species, the spraying of pesticides, and
the thinning of branches to promote growth.

Consistent with the application of the distinctibatween cultivated and natural biological
resources, the flows related to wood from naturabgenerated forests and NTFP are
presented in Figure A3.3 while the flows relatedvimod from plantations should be shown
following the same logic as presented in FigurelAB.relation to provisioning services for

crops.

For logging, a number of inputs are required suchabour, a saw and a truck. The product
resulting from the logging is logged wood, withlifed residues returned to the ecosystem.
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Wood can have a wide range of different qualitiesth 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 immediatfier felling.

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

[nputs to forest land, e.g. firebreak Inputs for harvest

Benefit:
logged wood

Ecosystem service:

Ecosystem wood
(forest)

Harvest
(logging)

Fellingresidues

Provisioning of fish and other aquatic and marspeecies

Marine or inland waters (lakes, rivers) supply fishd other species (shrimps, shellfish,
seaweed, etc.). There is generally little investmemaintaining the state of the ecosystem,
even though monitoring or enforcement activitiesynitse undertaken, and on specific
occasions also restocking of specific lakes magdréed out. However, inputs are required
for the harvesting of fish and other species, imvg boats, nets, labour, etc.

The ecosystem service is the fish as it is harde&terresponding to the ‘gross removal’).
The benefit resulting from the activity fishing adso fish. The ecosystem service may be
measured in physical terms in terms of the amotifislo caught (i.e. the gross removal from
the ecosystem), accounting for differences in g®eddiscarded catch is usually returned to
the ecosystem. Often the discarded catch consmitslynof dead specimens that do not lead
to a restocking of the ecosystem.

In the case of aquaculture, the ecosystem seraieesore 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 ecosystenhégdrowth of the fish or other aquaculture
products. Aquaculture operations that involve nonaetion to a broader ecosystem (for
example fish raised in tanks) would be recordeldaagng no associated ecosystem services.
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Provisioning of water

Freshwater can be extracted from deep or shallawfeag, and from surface water including
lakes, rivers or man-made reservoirs. The supplyaier from deep aquifers is not strongly
linked to ecosystem functioning since these resesvtend 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 interpretdlibas of abiotic services.

For both surface water and water extracted fromewale, shallow aquifers, both the

guantity 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 breakndorganic pollutants, and absorb

inorganic pollutants. Water pumped up from aquifersother subsurface groundwater

sources is often less polluted than surface watenlse of the capacity of ecosystems to
breakdown or bind pollutants and filter micro-origams harmful to human health. Often,

headwaters or complete watersheds important fakithg water production are protected and
managed as drinking water extraction area.

Water supply therefore combines elements of a piawing and a regulating service. It is a
provisioning service in the sense that the exwactf water involves a flow from the

ecosystem to society, however underlying the pmsenf the water are a number of
regulating processes such as water storage (intetra-annual) and water purification.

The water accounts presented in the SEEA Centash&work and in SEEA-Water detail the
methods for accounting for water resources inclgdieep aquifers. In contrast, in SEEA
Experimental Ecosystem Accounts, the focus is arsysiems’ capacity to support water
extraction. The approach taken is to analyse tlmigioning of water as an ecosystem
service: the ecosystem service is the amount oér(lefore 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, mongtarfrwater quality, creation of retention

basins) as well as for the transformation of exéaaevater into drinking water. The extracted,
untreated water enters the production functionhef 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 amdon 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 accouriihigrelease of carbon stored in above
ground biomass or in below ground stocks, such eslgnds, 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 (Re#luEmissions from Deforestation and
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Degradation) payment mechanism. At the same tilme,sequestering of carbon, i.e. the
ongoing accumulation of carbon due to ecosystencgzses in particular Net Ecosystem
Production, is relevant since this removes carboxide from the atmosphere.

A3.17 In order to capture both the stock and the floweasgthe following conceptualisation of this
ecosystem service is used for the purpose of etmmyaccounting. Analogous to other
ecosystem services, the sequestering of carborwahdn storage are service flows that can
only have positive values. In both cases the flavesexpressed as tons of carbon(equivalent)
per year, and should be specified for spatiallyindef areas that can be aggregated for the
purpose of national level ecosystem accounting. Séreice of the sequestering of carbon is
equal to the net accumulation of carbon in an estesy 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

A3.18 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 thadticlear risk of being released in the short
term due to land use changes, natural procesgpdife) or other factors. No service flow is
recorded if stocks at risk of being released ateased, but positive service flows are
recorded where stocks at risk remain in storage.

A3.19 The conceptual model of the ecosystem servicefasation 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 theage of carbon in the soil. The enabling
factor for this service is the occurrence of climahange, 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 : ecosystem

Enabling factor:
llmnagement

(i) Climate change due
toinereasein GHG
concentrations

v Benetfits: reduced
impacts from

Ecosystemservice: capture of CO2 limate change
(e.g. a forest) > —>

Ecosystem
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Air filtration

Air pollution arising from particulate matter (imgicular the smallest fraction of PM: PM2.5
with a diameter <2.5um) is a major health problem in many countries.tiStaally
significant relationships between PM concentratamd cardiovascular and respiratory
diseases, as well as lost working days due todiutipn-related illnesses have been shown
in a range of studies. Air pollution removal tal#ace through the interception of PM by
leaves (dry deposition). The amount of interceptiepends on the state and management of
the ecosystem (for instance, on an annual basigyeen trees capture more PM than
deciduous trees). Two enabling factors are neeslagtn the ecosystem process of deposition
into an ecosystem service. First, there needs ta loertain pollution load (that can be
measured in terms of PM concentration), and sedbede needs to be an exposure of people
to air pollution in the zone affected by PM depositby the ecosystem.

The total amount of particulate matter depositecainecosystem 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 concentrafiegim3).
The deposition velocity depends on the vegetaiipe,tand there is an increasing number of
measurements of deposition velocities as a functibrvegetation type, in particular in
European countries.

A cause of uncertainty pertains to the distancghath vegetation influences air quality. The
UK National Ecosystem Assessment assumed thahheatiefits from air filtration by forests
only occur at short distances (<1 km) from the daréther studies state that damage
assessments of particulate matter pollution neednsider that air pollution (PM) can spread
over distances of several hundreds of kilometres fan emission source, which means that
the effect of large forests on air quality may leticeable at large distances from the forest
edge.

Figure A3.5 Air filtration

(i) atmospheric pollution

I Inputs: land cover change Enabling factors:

Flood protection
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It is clear from a range of studies that specifiosystems can reduce the extent and intensity
of floods, thus reducing the risk of damage to tbaitvironments and other ecosystems.
Ecosystems such as mangroves, dunes or coral @efiparian 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 Ibathymetrics; and (ii) the presence of
people, economic activity and assets susceptibiesin the exposed flood risk zone. Storm
occurrence and therefore flood risk may be modetieadprobabilistic manner, on the basis of
the occurrence and magnitude of storms in recesddss and on the basis of climate models
accounting for climate change. In coastal areasetosystem service involves the dissipation
of wave energy and the prevention of inundationinland 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 amdraation. Tourism is generally
interpreted as involving overnight stays, potehtiaisitors from abroad, and recreation is
more usually associated with day trips. The servisgally 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, aneswby suppliers of tourism and recreational

facilities to the extent that they can attributeithoperation 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 ahtrprises, the picture is mixed, and only

part of their activity may be attributable to theosystem, 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 involvesdempthe number of visitors, in terms of
visitor-days, or overnight stays, to ecosystemsealr such as national parks that are
publically accessible are most relevant for thisvise. As in the case of provisioning
services, the use of ecosystem services in touiisvnlves a specific activity being

undertaken, i.e. the recreation activities by pedplan ecosystem.

Figure A3.7 Tourism and recreation services
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Annex to Chapter 4, Section 4.4: Accounting for cdyon

A4l

A4.2

A4.3

Ad.4

A4.5

Introduction

Carbon underpins practically all life on Earth with capacity to bond to other elements
particularly oxygen, hydrogen and nitrogen. Carlmmbundant in both the geosphere (in
fossil fuels, rocks, methane clathrates and ocediments) and the biosphere (in living and
dead plant and animal material in ecosystems aiid).s€arbon, like water and land, is
fundamental to the provision of ecosystems seryigesparticular the provisioning and
regulating services. It is also the common threatdvben human energy production systems
based on fossil fuels formed from ancient vegetagind the biomass fuels of today. The level
of carbon in the atmosphere in the form of varigases, and in particular carbon dioxide,
plays a critical role in the regulation of climate.

The extensive role of carbon in the environment tredeconomy requires a comprehensive
approach to measurement. Accounting for carbon theséfore consider stocks and changes
in stocks of carbon from the perspectives of thesphere, the biosphere, the atmosphere,
oceans and the economy. Figure 4.6.1 below prefiamtsiain elements of the carbon cycle.
It is these stocks and flows that give the undedycontext for carbon accounting. Of
particular relevance is that there are qualitatiiffierences between the different stores of
carbon. Carbon accounting and ecosystem accoumtioge generally must take these
differences into account. The following sub-sectfovides some additional detail on the
carbon cycle and carbon stores.

The accounting should also recognise differentaea$or changes in the stock of carbon, for
example, changes due to changes in land coveraaaduse, or changes due to extraction of
energy resources. These various entries for staoklschanges in stocks are reflected in a
carbon stock account that builds on the structurehe asset accounts for individual
environmental assets described in the SEEA Certathework, Chapter 5. The carbon stock
account is presented in sub-section 4.6.3.

Carbon stock accounts complement the existing fiawentories developed under the
UNFCCC (UN Framework Convention for Climate Changeyl the Kyoto Protocol. The
carbon stock accounts presented here also aligm thé& accounting approach of REDD
(Reducing Emissions from Deforestation and Degradnt The classifications and data sets
underpinning existing UNFCCC and Kyoto Protocol entories are important for the
construction of carbon stock accounts. For exantpke,IPCC (Intergovernmental Panel on
Climate Change) carbon pool classification (aboraugd biomass, below ground biomass,
dead wood, litter, soil organic matter) could bedi® disaggregate biocarbon stocks for each
ecosystem type. The SEEA land cover classificattan be reconciled with the IPCC
reporting categories for LULUCF namely: forest landtopland, grassland, wetlands,
settlements and other land for comprehensive stagéslows accounting.

The information presented has many uses for patiekers and researchers. In addition to
policies aimed at reducing emissions by maintaisitagks of fossil fuels in the geosphere (a
major focus of the UNFCCC), carbon stock accouats grovide consistent and comparable
information for policies aimed at, for example, feaiing and restoring natural ecosystems,
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i.e. maintaining carbon stocks in the biospherenfiined with measures of carbon carrying
capacity® and land use history, biosphere carbon stock atsman be used to:

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

prioritise land for restoration of biological carbcstocks through reforestation,
afforestation, revegetation, restoration or imprbvand management with their
differing trade-offs against food, fibre and woaddguction, and;

identify land uses that result in temporary cartemoval and storage.

A4.6 The information contained in carbon stock accowats also be used more generally as part
of the assessment of ecosystem capital and theunegasnt of ecosystem services. These
linkages are explained in sub-section 4.6.4.

The carbon cycle

A4.7 Carbon flows between the reservoirs of carbon enghosphere, biosphere, atmosphere and

hydrosphere. This is commonly called the carborlecand the main elements of this are
shown in Figure A4.4.1.

Fugitive emissions

(e.g. from mining, , dissolving
limestone) and natural emission
(e.g. volcanic activity)

Figure A4.4.1. The main elements of the carbon cyl

Exchange of CO,
between biosphere and
oceans (e.g. absorption
of carbon in water by

phytoplankton)

Oceans

CO, dissolved in oceans
Exchange of CO, between

atmosphere and oceans/

Atmosphere

Biosphere

Carbon in soil (organic and inorganic),
plants, animals
and other life forms
(living and dead)

Photosynthesis
Carbon in various gases
(e.g. CO,)

Respiration,
decomposition
and combustion

Returns of carbon Extractions

Emissions (e.g. waste food and of carbon
(e.g. from combustion of timber) (e.g. peat, timber,
. food, fibre)

fossil fuel and biomass)

Geosphere

Accumulation

in the economy
Carbon in oil, gas, coal,

limestone, dolomite,
other carbon bearing rocks,
methane clathrates and
marine sediments

Carbon in products,
fixed assets

. and consumer durables
Extractions of carbon

(e.g. oil, gas and coal)

% The mass of biocarbon able to be stored in thsystem under prevailing environmental conditiond an
disturbance regimes, but excluding human disturbgGupta and Rao 1994).
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The different reservoirs of carbon in the geosplzaré 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 CO2 levels (Prentice et al. 2007). @ardtocks in the geosphere are generally
stable in the absence of human activity; howeweckstleclines 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, biodiversilderpins the stability of carbon stocks by
bestowing resilience and the capacity to adapt selfiregenerate (Secretariat of the
Convention on Biological Diversity 2009). Stabilitpnfers longevity and hence the capacity
for natural ecosystems to accumulate large amafrdarbon over centuries to millennia, for
example in the woody stems of old trees and in. &8imi-modified and highly modified
ecosystems are generally less resilient and lessles{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 witfediht 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 thduérfces the stock of carbon in the atmosphere.

Carbon stock account

Applying the SEEA accounting principles of compitetss and consistency and the SEEA
Central Framework’s approach to accounting fordwssi flows, carbon stock accounts record
the stock changes from human activities at anytpdong the chain: from their origin in the
geosphere and biosphere to changes in the varidbsopogenic stocks (e.g. inventories of
oil in storage; concrete in fixed assets; wood plagdtic in consumer durables; solid waste —
i.e. residuals that remain in the economy in cdleiridand fill sites; imports and exports) and
as residuals to the environment, including emissitm the atmosphere. Carbon stock
accounts can assist in informing of the implicagiaf policy interventions at any point along
the carbon cycle.

The carbon stock account is presented in Tablé 4i5provides a complete and ecologically
grounded articulation of carbon accounting basedhencarbon cycle and in particular the
differences in the nature of particular carbon mesies. Opening and closing stocks of carbon
are recorded with the various changes between d¢ginting and end of the accounting
period recorded as either additions to the stoaleductions in the stock.

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

the priority should be to reporting those stocks tre being impacted by human activity (e.g.
fossil fuels).
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A4.14 Biocarbon is classified by type of ecosystem. At ltiighest level these are terrestrial, aquatic
and marine ecosystems, and these are shown in Adbdel. This high level classification
can be further broken down, but at present therm isiternationally agreed classification of
ecosystems. In the absence of this, compliers thagecto use the land cover classification of
the SEEA Central Framework, noting that the primaunypose of this classification is not for
ecosystem accounting, but for understanding prasluctonsumption and accumulation from
an economic perspective, not the ecosystem peigpelrt this it should also be noted work
on land cover classifications is part of the SEEnttal Framework research agenda.
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Table A4.4.1 Carbon stock account

Gigagrams carbon (ch) Geocarbon Biocarbon Atmosphere Water in Oceans! Accumulation in economy TOTAL
. Terrestrial | Aquatic Marine Inventories | Fixed Consumer
Rocks Oil Gas Coal Other %
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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A4.15 A key aspect for carbon accounting is to understdmeddegree of human influence over

A4.16

A4.17

A4.18

particular ecosystems. In this it may be desirableecognise varying degrees of human
modification of the ecosystem and potentially idiroe these aspects into a classification.
Degrees of human modification may be structuregtiect, for example:

* Natural ecosystems: which are largely the productnatural and ongoing
evolutionary, ecological and biological processé&fe key mechanism of
‘management’ in natural ecosystems is natural 8eleoperating on populations
of species which has the effect over time of oping system level properties
and the traits of component species. System-lengggrties which are naturally
optimized with respect to, among other things, emrnental conditions include
canopy density, energy use, nutrient cycling, iersile, and adaptive capacity.
Natural processes dominate natural ecosystemsmwithich human cultural and
traditional uses also occur. Natural ecosystem&idecterrestrial and marine
ecosystems.

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

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

» Other ecosystems: including settlements and lati imirastructure.

The atmosphere and ocean are the receiving envinotsnfior 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 Wharld is treated in physical supply and use
tables in the SEEA Central Framework, since theyrat under the control of a particular
owner. Oceans may be split into shallow and deearceservoirs.

Accumulations in economy are the stocks of carlmcanithropogenic products and are further
disaggregated into the SNA components: Fixed agsajs concrete in buildings, bitumen in

roads); Inventories (e.g. petroleum products irragte, 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)dstaora controlled land fill sites are treated

as part of the economy.

Carbon stored through geosequestration (i.e. theagel injecting of gaseous CO2 into the
surface of the Earth) is similarly treated as beanfow within the economy (increase in
accumulations). Any subsequent release of carbdinet@nvironment is treated as a residual
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flow with a reduction in accumulations in economytained by corresponding increase in
carbon in the atmosphere.

A4.19 Although not shown in the table, these ecosystgmedycould be disaggregated further into
marine and terrestrial ecosystems. Marine ecosystaegiude mangroves, saltmashes and
seagrass beds. Peat stocks and flows align withidearbon sector with peatland vegetation
associated with a variety of ecosystems, includangsts, grasslands, mossbeds, mangroves,
saltmashes and paddies. There is potential to glisggte Geocarbon and Biocarbon further.

A4.20 The row entries in the account follow the basierfaf the asset account in the SEEA Central
Framework: opening stock, additions, reductions afwking stock. Additions to and
Reductions in stock have been split between managechatural expansion. Additional rows
for imports and exports have been included, thusimgahe table a stock account, as distinct
from an asset account.

A4.21 There are six types of additions in the carbonkstmcount.

* Natural expansion: These additions reflect increasethe stock of carbon over an
accounting period due to natural growth. This W#l effectively only for biocarbon
and may arise from climatic variation, ecologicdtbrs such as reduction in grazing
pressure, and indirect human impacts such as th2 féflisation effect (where
higher atmospheric CO2 concentrations cause fpktat growth).

* Managed expansion: These additions reflect inceesthe stock of carbon over an
accounting period due to human-managed growth. Wilisbe for biocarbon in
ecosystems and Accumulations in economy, in inv@gpconsumer durables, fixed
assets and waste stored in controlled land fikkssiincluding the injection of
greenhouse gases into the earth.

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

» Upwards reappraisals: These additions reflect obmrdpe 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 @ssdll generally occur in situations
in which another environmental asset is used fdlifferent purpose, for example
increases in carbon in Semi-natural ecosystemshéyestablishment of a national
park on an area used for agriculture would be érpilby an equivalent decrease in
Agricultural ecosystems. Here, it is only the lanse that has changed; that is,
reclassifications may have no impact on the tdtgbkral quantity of carbon.

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

A4.22 There are five types of reductions recorded incimbon stock account:
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* Natural contraction: These reductions reflect rafuincluding episodic, losses of
stock during the course of an accounting periodeyTimay be due to changing
distribution of ecosystems (e.g. a contraction aftudal ecosystems) or biocarbon
losses that might reasonably be expected to oasgdon past experience. Natural
contraction includes losses from episodic eventtuding drought, some fires and
floods, and pest and disease attacks. Naturalain also includes losses due to
volcanic eruptions, tidal waves and hurricanes.

* Managed contraction: These are reductions in stheX to human activities and
include the removal or harvest of carbon througbracess 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 quantitiesteck that are immediately returned
to the environment after extraction because they anwanted, for example,
discarded timber residues. Managed contraction iatdades losses as a result of a
war, riots and other political events; and techgwlal accidents such as major toxic
releases.

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

» Reclassifications: Reclassifications of carbon @saél generally occur in situations
in which another environmental asset is used falifferent purpose, for example
decreases in carbon in Ecosystems agriculture dogdhablishment of a national park
on an area used for agriculture would be equalizedn equivalent increase in Semi-
natural ecosystems. Here it is only the land usat tlas changed; that is,
reclassifications have no impact on the total ptaisjuantity of carbon.

» Exports: A line for exports is shown to enable actmg 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 Natumahtraction. Managed
contraction would include fires deliberately litteduce the risk of uncontrolled wild
fires. Also for the purposes of accounting, redudidue to human accidents, such as
rupture of oil wells, would also be included undenaged contraction. Catastrophic
losses could, however, be separately identifigtiéntable or a related table.

A4.23 Various indicators can be derived directly frombmar stock accounts or in combination with
other information, such as land cover, land useufadion, and industry value added. The
suite of indicators can provide a rich informatewurce for policy makers, researchers and
the public. For example, comparing the actual cadtock of different ecosystems with their
carbon carrying capacities can inform land usedi@timaking where there are significant
competing uses of land for food and fibre.
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A4.24 A key indicator that would emerge from the carboock account is what is commonly
termed the ‘net carbon balance’ which is the stmickarbon remaining in all reservoirs, or a
particular reservoir, at the end of an accountiegaal.
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Annex to Chapter 4, Section 4.5: Accounting for bidiversity

A4.25

A4.26

A4.27

A4.28

A4.29

A4.30

Introduction

A key indicator that would emerge from the carbtotk account is what is commonly termed
the ‘net carbon balance’ which is the stock of ocartremaining in all reservoirs, or a
particular reservoir, at the end of an accountiegaul.

Biodiversity or biological diversity is a fundamahtomponent of ecosystems and underpins
many ecosystem services (see Chapter 3). Humaritaatan drive changes in biodiversity,
both directly (e.g. through the extraction of specivia harvest of fish and timber) and
indirectly (e.g. removal of habitat), and hence ltheel or quality of the ecosystems services
able to be delivered. Understanding the relatiggshietween biodiversity, ecosystems and the
ecosystem services they provide, as well as qyamgifthe impact of human activity on
biodiversity and key ecosystem services are thengw motivations for accounting for
biodiversity. In recognition of the importance oiodhiversity to people there are several
international agreements concerning biodiversity i@ conservation of biodiversity.

Perhaps the most important is the Convention otoBical Diversity (CBDJ® which entered

into force in 1993. The Convention has three maijeaives: (1) the conservation of
biological diversity; (2) the sustainable use @& tomponents of biological diversity, and; (3)
the fair and equitable sharing of the benefitsmgisut of the utilisation of genetic resources.

Biodiversity accounts can be used to track progtessrds policy targets such as those
concerning the protection of threatened speciezosystems (or habitats), the sustainable use
of harvested species, the maintenance and improvenfi@cosystem condition and capacity,
and where the benefits of use of biodiversity aadate. Such assessments can be enhanced
by links to changes in land cover and land usemB¥ing biodiversity accounts for particular
spatially defined areas (EAUSs), the accounts orsystem services may be linked to the
geographical extent and condition of biodiverdityhe areas (EAUs) follow administrative or
other boundaries for which there are economic orasalata, then it is possible to highlight
how human activities can cause changes in biodtyers

At both national and sub-national scales, by ligkimodiversity accounts with the land cover,
land use and the environmental protection experaitaccounts of the SEEA Central
Framework, the cost-effectiveness of expendituneshabitat and species conservation or
returns on investment may be analysed. It is sonastithe case that the extent of land cover
types, land use and other data on pressures ack asea proxy for the condition of
biodiversity as the number and abundance of speb&sges in response to such variafles

Definition and description of biodiversity

Biodiversity is defined in the Convention on Biologl Diversity as ‘the variability among
living organisms from all sources includinigter alia, terrestrial, marine and other aquatic
ecosystems and the ecological complexes of whiep éine part, this includes diversity within

% Secretariat of the Convention on Biological Diversit2003). Convention on Biological Diversity
http://www.cbd.int/convention/text/

37 E.g. see Brooks et al (2002). Habitat loss anchetitin in the hotspots of biodiversity. Conservatiinlogy
16(4): 909-923 and; Alkemade et al, 2009.
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species, between species and ecosysteéni#ie scientific community has conceptualised
biodiversity as a hierarchy of genes, species andystems. This is shown in Figure A4.5.1.

Please note this is a simplification.

Fig A4.5.1. The three levels of biodiversity: ecosyems, species and genes.
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A4.31 Convention on Biological Diversity also defines ggstems and two terms related to genes:

A4.32 “Ecosystemmeans a dynamic complex of plant, animal and ricganism communities and
their non-living environment interacting as a fuosal unit”

A4.33 “Genetic material" means any material of plant, animal, microbiabtier origin containing
functional units of heredity”

A4.34 “Genetic resource$ means genetic material of actual or potentialigal

A4.35 Species can be defined in a range of ways. Theycamemonly defined as a group of
organisms capable of breeding and producing fesfitepring. However, this definition does
not work well for some groups of organisms (e.gctbaa). A range of definitions are
available but the definition used ultimately depepéithe nature of the organism of intefest
Species are classified according to the systemimdnial nomenclature (i.e. genus and
species) established by Linnaeus (1758), whichicoes to evolve.

A4.36 The biodiversity accounts described below use sgess the fundamental unit of observation
for biodiversity. Land cover accounts, which maypm@ximate ecosystems, are described in
the SEEA Central Framework, while the extent anttlition of ecosystems is covered earlier
in this chapter. Accounting for genes has not ye¢rbcontemplated within the SEEA
framework.

% Convention on Biological Diversity, Article 2, Usé Berms.

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

40 See, for example, the International Commission @wlagical Nomenclature, http://iczn.org and; the
International Code of Botanical Nomenclature (VieQmuale),http://ibot.sav.sk/icbn/main.htm
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The process of biodiversity loss

The processes contributing to biodiversity lossraesy and varied and as such determining
the most appropriate structures for biodiversitgoamts to address this issue is difficult.
However, some generic types of processes leadinbanges in biodiversity can be identified
for inclusion in the accounts. These are the et¢esyand species levels.

At ecosystem level, biodiversity loss is charasesi by the conversion, reduction or
degradation of ecosystems (or habitats). Genesaallyhe level of human use of ecosystems
increases in extent or intensity, biodiversity logseases.

Many species originally occurring in a particulaeawill decrease in abundance while at the
same time some species, in particular those thaeftbein disturbed habitats, increase in

abundance, as a result of human interventions. iBhdhe species originally occurring are

gradually replaced by those that are favoured byaruinfluence, some of which may achieve
large numbers (e.g. plague proportions). The etitins of the original species are the final

step in an often long process of gradual reductionsumbers. In many cases, local or

national species richness (i.e. the total numbesp#cies regardless of origin) increases
initially because of species introduced or favoubgdhuman®. Because of these changes

ecosystems lose their regional endemic speciebaooime more and more alike — a process
described as “homogenisatiéf”

Figure A4.5.2 illustrates how different types ofehits may influence the ecosystem extent
and also directly or indirectly the extent of ecsisyns, the abundance of species, and the
threat of species extinction.

Figure A4.5.2 Key drivers and state indicators of todiversity*®
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“1 This is the so-called “intermediate disturbanceediity peak”, Lockwood and McKinney, (2001). Biotic
Homogenization. Kluwer, New York. 289p.

42 Lockwood and McKinney, (2001). Biotic HomogenizatioKluwer, New York. 289p and Millenium
Ecosystem Assessment (200%kp://www.maweb.org/en/Reports.aspx

“3ten Brink, B.J.E., S. Condé, F. Schutyser (2010prlinkages between the European biodiversity irdisa
improving their information power. Report of the Wimg group on Interlinkages of the Streamlining @&ean
Biodiversity Indicators project (SEBI). European Eovimental Agency. Copenhagen.
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Measurement of biodiversity, indicators and indices

A wide range of techniques are used to measureiveimity. 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 coitipkexf biodiversity measurement a focus
is placed on selected indicators of biodiversitthea than accounting of all aspects of
biodiversity.

Biodiversity indicators measure part of the systangapture a range of aspects of the system
within single measures. The processes supportiegCbnvention on Biological Diversity
have identified 10 criteria for selecting biodivigrsndicators and also provided supporting
documentation to assist with implementatfon

Based on the recommendations of tHe rBeeting of the Subsidiary Body on Scientific,
Technical and Technological Advice (SBSTTA9) tH& Gonference of the Parties (COP7)
agreed on the list of provisional indicators forsessing progress towards the 2010
biodiversity target (COP decision VII/30, 2084)hat can be implemented worldwide, or at
national or regional scales. These indicators asshe threats, biodiversity state (or
condition), impact (on ecosystem services) andesalciesponses to biodiversity loss.

Specifically, the four indicators concerning thatstof biodiversity were:

» Trend in extent of selected ecosystems

* Trend in abundance and distribution of selectedispe
» Trend in status of threatened species

» Change in genetic diversity

The first describes the remaining ecosystem typdserims of size, the second relates to the
average quality of these ecosystem types (meandaboe of species characteristic of these
ecosystems as compared to the reference condiéind)the third shows the variability within
the mean species abundance, focusing on thoseespibeit are threatened. Together these
indicators reflect the degree of homogenisatiom tlore process of biodiversity loss as
described above. These indicators described abayebs addressed by land cover accounts
of the SEEA Central Framework, as well as the ggeabundance and threatened species
accounts described later in the chapter.

Figure A4.5.3 summarises the changes in ecosystembundance of species and threat of
extinction over time. In this it shows three poimtgime in terms of habitat extent (the nested
squares in the lower right of the diagram). In thiddle the consequences in terms change in
species abundance are shown, with the red dotted §howing a composite state index which
is calculated referring to a benchmark time (oemehce condition). On top, the extinction or

close to extinction of some species is indicatethbiusion in the IUCN Red List.

4 See UNEP 2003a. Monitoring and indicators: desigmiational-level monitoring programmes and indicait
UNEP/CBD/SBSTTA/9/10 http://www.cbd.int/doc/meetings/sbstta/sbstta-0f@zfl/sbstta-09-10-en.pdf and,
UNEP 2003b. Report of the Expert meeting on indisatd biological diversity including indicators foapid
assessment of inland water ecosystems. UNEP/CBD/SBSITNA/7,
https://www.cbd.int/doc/meetings/ind/ahteg-sp-irfiddiher/ahteg-sp-ind-01-sbstta-09-inf-07-en.pdf

> Seehttp://www.cbd.int/doc/decisions/cop-07-dec-en.pdf
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Figure 4.5.3 Change in ecosystem extent, origingbecies abundance and risk of extincticfi.
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A4.47 The development of biodiversity indicators at atefinational level is on-going. In 2011 the
CBD Ad Hoc Technical Expert Group on indicators fhe strategic plan for biodiversity
2011-2020 compiled a list of about 100 candidatkcators to evaluate the progress towards
the Aichi targets agreed to in Nagoya, 2010. Giendesire for a small but globally used set,
SBSTTA, in its 15th meeting, requested the ExeeuBecretary to propose a limited number
of simple, easily applicable and cost-effectiveidatbrs that can potentially be implemented
by all Parties (recommendation XV/1, paragraph 1foh)global use to be discussed at the
2012 Conference of the Parties.

A4.48 At international and national levels the state iofliversity can also be shown via composite
indices. Examples of this approach for aggregatasomement of biodiversity include the
Natural Capital IndeX, the GLOBIO Mean Species Abundance Iffethe Living Planet
Index®, the Biodiversity Intactness Ind8xand the Norwegian Nature Indéx These
composite indicators are the result of a long trawliin ecology of expressing complex
changes in species abundance through indices.

“6ten Brink, B.J.E., S. Condé, F. Schutyser (2010)rlinfages between the European biodiversity indicat
improving their information power. Report of the Wimg group on Interlinkages of the Streamlining @ean
Biodiversity Indicators project (SEBI). European Eowvimental Agency. Copenhagen.

“"ten Brink, B.J.E. and T. Tekelenburg, Biodiversitywhmuch is left? The Natural Capital Index framework
(NCI). in RIVM report 402001014. 2002: Bilthoven.

% aAlkemade, R., van Oorschot, M., Miles, L., Nellema@., Bakkenes, M. & ten Brink, B. 2009. GLOBIO3: A
Framework to Investigate Options for Reducing Globerrestrial Biodiversity Loss 2009. Ecosystems312:
374-390. Also see http://www.globio.info/home

“9Loh, J., et al 2005. The living planet index: gsapecies population time series to track trendsddiversity.
Philosophical Transactions Royal Society, BiologiBalences 360, 289-295, and; Loh, J.,2002. Livitanét
Index 2002, World Wildlife Fund International: GErSwitzerland.

*¥Scholes, R.J. and R. Biggs, 2005. A biodiversity imess index. Nature. 434(7029): p. 45-49.

® Certain, G., O. Skarpaas, J-W. Bjerke, E. Framdtad,indholm, J-E. Nilsen, A. Norderhaug, E. Oug,CH-
Pedersen, A-K. Schartau, G. |. van der Meeren,slaésen, S. Engen, P.A. Garnasjordet, P. Kvalgy, M.
Lillegard, N. G. Yoccoz, and S. Nybg. 2011. The U¥atindex: A General Framework for Synthesizing
Knowledge on the State of Biodiversity. PloS ONEoG 4t €18930.
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Geographical extent of ecosystems and biodiversity

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

Land cover is closely related to land use. Sometitiey are synonymous, for example
cropland (e.g. an area covered by wheat) is useddioculture. However, in other cases it is
not, for example a forest may be used for consenvate.g. protection of species and
recreation) or forestry (i.e. to produce timberdale).

Land set aside for conservation is of particuldevance for biodiversity accounting. It is

usually the case that land used for conservatios tha 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 th 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 Preteétrea Categoriéd and this has been
consolidated in the World Database on Protecte@@idn 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) showtimg 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 adstinked to the environment protection
expenditure (a response indicator). It is also s&mgy to account for the extent and condition
of ecosystems outside of protected areas (i.eerttiee country), since in most countries much
of the biodiversity exists outside of protected aate The condition of biodiversity, as
measured by species number and abundance can baretedirectly. However, because this
is costly to do for large areas, biodiversity caoiodi is usually estimated using a range of data
and methods, including modelling techniques baseiiformation about land cover, land use,
fragmentation, climate change and other pressares.

For some purposes more precise information abowdreyhwhy and how the changes in
ecosystem extent occurred are needed. This isagfiapimportance if one is combine the

%2 For more information see, Guidelines for ApplyiRgotected Area Management Categories, Dudley, N.
Ed.(2008):http://data.iucn.org/dbtw-wpd/edocs/PAPS-016.pdf

3 World Database on Protected Ares: http://www.wdgg.

> The Ramsar Convention on Wetlandgtp://www.ramsar.org/cda/en/ramsar-documents-tests/ention-

on/main/ramsar/1-31-38%5E20671 4000 0

*> Scholes, R.J. and Briggs, R. (2005). A biodivgrsittactness index. Nature, 434(3): 45-49. (3
March 2005)

Alkemade, R., van Oorschot, M., Miles, L., Nellemann, C., Bakkenes, M. & ten Brink, B. 2009. GLOBIO3: A
Framework to Investigate Options for Reducing Global Terrestrial Biodiversity Loss 2009. Ecosystems 12:3,
374-390.
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inter and intra flows in order to combine both theasurements of changes in quality and the
measurements of changes of extent in one commaduagizen for policy priority purposes. To
achieve this both extent and quality measureshaile to refer to EAU.

Structuring information on species and groups of spcies

Species may be described in a number of ways. kample, species may be described in
terms of their physiology (including morphology,ngdic make-up), population dynamics
(habitat use and reproductive biology), distribat{@r range), richness (number of species),
abundance and likelihood of extinction. In this,iletthe basic physiology of species will
remain constant, the abundance of species may ehaoigss its distribution in time and
space. This is particularly important for specigtvarge distributions within countries and
for species that span countries. For example, ticpkar species might be common in one area
but rare in other.

Species may be grouped in a number of ways acagptdin(l) taxonomic rank (Kingdom,
Phylum, Class, Order, Family, Genus, Species);tli2) ecosystem type (e.g. terrestrial,
marine, aguatic) or biome (e.g. mountains, coastfibns, marine pelagic ecosystems, etc.) in
which they occur; (4) origin (e.g. native or exdticparticular areas), (5) perceived usefulness
or lack of usefulness to human beings (e.g. classHs pests or weeds because they are not
useful), or (6) trophic level (e.g. primary prodoat herbivores, omnivores and predators).

Species diversity can be measured by abundanceiemtess. Broad scale assessments of
biodiversity are typically based on species ricemasrichness of endemic species. In this, the
species occurring in particular areas are listegirasent or absent to generate measures of
species richness. These data are more readilyabiaithan abundance data and can be
measured against the original number of speci¢sdrarea. This type of assessment is often
used but is more suitable for sub-national scatessments (biodiversity “hotspots”), and
which would detect regional shifts in distributicarsd local extinctions.

At a larger scale, these data can be insensitivehémges at the national level, and often
difficult to interpret and relate to human actiegi If used, indications of the species
importance to region or elsewhere may be gainea fother sources. For example if species
detected in an area are included on the IUCN Rstdiithreaten species.

It is more useful if assessment of biodiversity aséas includes estimates of abundance.
Abundance data are usually only available for ddichnumber of species. Abundance may be
measured in absolute terms such as the total nuafbadividuals of a species or a density
per hectare. It can also be measured in broadedaetated to absolute measures, for example
very abundant, abundant, common, rare, and vegy fdyundance may also be measured in
relative terms, in particular current abundancatiet to the past (a benchmark or reference
condition). If a species is less abundant now thaithe past then it may be at risk of
extinction. Different species exhibit different natl abundances: for example in mammals,
small rodents are naturally very abundant, whiéplknts other large slow breeding mammals
occur in much lower abundances.

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

Species richness and species abundance accounts

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

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

because they are harvested for food or have icaalices (the so-called charismatic mega-
fauna), and hence accounts may be prepared far Hpexies. Such accounts, for example for
fish, are similar to those described in the SEEAtd Framework and are not described
further here. Tables for species richness woulafba similar form to the table for species

abundance described below.

Table A4.5.1 presents the general form of a speti@mdance account, in both absolute and
relative terms of abundance. The account folloves gbneral form of asset accounts in the
SEEA Central Framework, with opening stock andinlpstock. In this account a net change

only is shown, but it would be possible to add r@lewing the positive and negative changes
that result from natural processes or human agtifihe accounting period is one year (i.e.

the closing population is one year after the opgpiopulation).

The reference condition of species can refer totamg 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 tadmpared between different species, and
different ecosystems, within countries and betwammtries.

It is important that species from all Kingdoms .(idevision of living organisms) should be
included in the species abundance accounts to ertearaccounts are as representative as
possible. However, in practice the species inclugedhe accounts will need to be a
representative sample from the Kingdoms as cafigaliata on the abundance of all species is
resource intensive and some Kingdoms are bettenikriban others (animals being the best
know). The sample of species should include spehgsare of importance to the ecosystem
being measured and priority should also be givespexies that are known to be sensitive to
human impacts (i.e. responsive to key drivers amdqures). Emerging experience suggests
shows that for particular ecosystem types the rodniy of 35-40 representative species may
be sufficient to gauge the state of biodiversitg,amhen repeated, detect changes. Surrogate
measures (e.g. related to land cover or use) carbal used.
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Table A4.5.1Accounts for species abundance by Kingdom
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A4.65 As with all accounts understanding the quality aetadis important. As data quality is a

A4.66

recurring issue, it may be useful to record unéeftaestimates within the tables (e.g. by
showing standard errors or showing a range ratiem & discrete number). Other ways of
indicating data quality can be used, for examptduiing the use of footnotes to the table. In
all cases the information underpinning the accstwould clearly identify the data sources and
methods used, and, for example, distinguish betwdata from monitoring systems,

modelling and expert judgements.

To aid interpretation of the tables it will probglide necessary to include other supporting
information in the text or supplementary tables ttom key drivers of change (e.g. land cover
and land use change accounts). Furthermore, istatjpn of the species abundance accounts
needs to be done with care. For example, for mpagiss their population will be lower than
in the reference condition, but in some cases Wikye more abundant, which may represent
a decline ecosystem quality and have a negativadimgn other species as would be the case
with algae blooms due to eutrophication of wateysva

Deriving indices from species abundance biodiversit

A4.67 The index methods used for economic indicatorsh siscthe consumer price index involving

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

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

Changes in a total biodiversity index may be exm@dithrough a disaggregation into different
thematic indices. Figure A4.5.4 shows how it mightpossible to aggregate the measures of
species abundance by domain (i.e. freshwater, pasmastal or terrestrial ecosystems) or
species group (i.e. fish, mammals, etc) to deriveozerall index of biodiversity or species
abundance index.

Figure A4.5.4 Possible aggregation of a national hae index for mean species abundance

Species Abundance Indices

T

>

State State State State
Fresh water Ocean

> > —» | Terrestrial

Coastal waters
Ecosystems

A4.70

—|Fish | —|Fish | — Fish index

_|Plants | _I Plants | _l Plants | _|Plants

—l Mammals | —l Mammals | —l Mammals | _| Mammals | Mammal index
Amphibians and Amphibians and Amphibians and Amphibians and Amphibian and
reptiles reptiles reptiles reptiles /or reptile index

—l Birds | _I Birds | _l Birds | _| Birds | Bird index

_l Invertebrates | _l Invertebrates | _l Invertebrates | _| Invertebrates | még(tebrate

Plant index

Accounts for threatened species (extinction risk)

The risk of extinction is a function of the natugdpulation dynamics, distribution and
abundance of species, environmental change and rhwaugvities directly or indirectly
influencing population abundance. In this, the memgely distributed and abundant and the
higher the reproductive rate of a species is,ahs 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 Catégm"® take into account these factors and
others into account to determine the overall stafispecies.

% |UCN-Species Survival Commission, 2001. Red Lisateggories and Criteria version 3.1.
http://www.iucnredlist.org/documents/redlist_catst @n.pdf
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A4.71 Accounts showing the risk of extinction can be ¢arded using the status of species as
defined by IUCN Red List categories and relateteos (Table 4.6.2). These categories are
defined as:

e Extinct is when there is no reasonable doubt that thendstidual of a species has
died; Extinct in the wild is when a taxon is known to only survive in cudtion, in
captivity or as a naturalised population (or popafes) well outside the past range;

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

« Endangeredis when a taxon is considered to be facing a tark risk of extinction
in the wild;

* Vulnerable is when a taxon is considered to be facing a higjhof extinction in the
wild; Near Threatenedis when a taxon is close to qualifying for or ikely to
qualify for a threatened category in the near fitur

e Least concernis when a taxon is widespread and abundant;

« Data deficient or Not evaluated Data deficientis when there is inadequate
information to make a direct, or indirect, assesgnoé its risk of extinction based on
its distribution and/or population status (dataiadenft is therefore not a category of
threat)._Not evaluatetd when a taxon has not yet been evaluated aghiestJCN
threat criteria.

A4.72 It should be noted that the threatened speciesuatsoecord only the presence or absence of
species in a particular area.

A4.73 Threatened species accounts may be prepared fatresuas a whole or for particular areas
or ecosystems within countries. It should be ndtet amount of effort needed to prepare
account increases with the number of areas forwéocounts are prepared.

A4.74 In national and sub-national accounts is importamtote that the status assessments from the
IUCN Red List relates to an assessment of the gpagithe entire world, not to the country
and area in question. As such it might be thategieg are assessed against different criteria at
small scales.
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Table A4.5.2. Accounts for threatened species

IUCN Red List categories

in the

Extinct

Extinct

wild

Critically
endangered
Endangered
Vulnerable
Lower risk

Near threatened

Opening stock

Additions

- from lower threat]
categories

- from higher categories

- discoveries of hew 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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Annex to Chapter 6: Possible models for a SequenoéAccounts for Ecosystem accounting

A.6.1

A.6.2

Following on from the brief introduction to the seace of accounts in Section 6.4, this annex
presents a summary of current thinking on possitdelels that may be used to incorporate
entries related to ecosystem services and changesosystem assets into the standard SNA
sequence of accounts.

Table A6.1 presents simplified versions of Modela’d B. The example is that a farm is a
single ecosystem that provides a mix of ecosystemwvices (total 110) of which 80 are used
by the farmer and 30 are the final consumption amfseholds’ 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 regpaf “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 accounts for egmtem accounting

Model A Model B
Farmer Household Ecosystem Total Farmer Householdtal T

Production and generation 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 32 -150 -25

" The allocation is based on the assumed composifite ecosystem services — thus the 80 may beidened
inputs to agricultural production and the 30 maycbasidered regulating services, such as air tiittna 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 usednterprises in the production of
standard SNA outputs (e.g. food, clothing, recoegti

Measures of GDP may be adjusted for both consumptib fixed capital (CFC) and
ecosystem degradation thus providing Degradatigosteti Net Domestic Product. At a
sector level, ecosystem degradation in this moslaleducted from the value added of the
ecosystem quasi-sector and is not attributed talata institutional sectors.

Under Model A, flows of ecosystem services are mded in gross terms flowing from
ecosystems to relevant units as either intermediaténal 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 araic@tsas final consumption.

Under Model B, flows of ecosystem services are naa in net terms in that “purchases” of
ecosystem services for use in the production aoflycts by the manager of the ecosystem (in
this case considered to be the producer of theystsra 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 risaestite 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 fromntteme 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 etasys are much more complex.
Consequently, as discussed above alternative appsato the allocation of ecosystem
degradation to economic units must be considered.

In Model A, the full amount of ecosystem degradatie attributed to the new ecosystem

guasi-sector. In effect this follows the standaagital accounting practice and assumes that
the ecosystem is the sole supplier of ecosystewicesrand, 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 dosystem) and hence all ecosystem
degradation is attributed to the farmer.

However, neither of these assumptions provides mptete sense of the attribution of

ecosystem degradation that may be anticipated. tUmdi@l 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 dégraglauld be attributed to households
reflecting their direct and indirect consumptioregbsystem services.

A.6.10 It is important to recognise that in both modetsM$ of ecosystem services are recorded quite

distinctly from flows of ecosystem degradation.oing for this difference enables a more
complete and consistent recording of all ecosystemices, not only those of a particular
type, i.e. provisioning, regulating or cultural.
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A.6.11 Both models contain an entry named “ecosystem feesis which is not a standard entry in
the SNA. This entry accommodates the additionabumption of ecosystem services by each
sector and sums to zero across the economy. Tkeedéthe transfers is higher in Model A
than in Model B, reflecting that in Model A all egstem services are purchased from the
ecosystem quasi-sector. The inclusion of this em&ans that the balancing item net lending
recorded in the capital and financial accountsassistent with the set of actual financial
flows within the economy. Note that the recordifgeocosystem transfers is not affected by
choices for the recording of ecosystem degradation.

A.6.12 Model A appears straightforward to apply since ¢aesystem is presented separably as an
adjunct to standard institutional units. Unfortietat the real depth of integration between
ecosystems and economic activity means that isglaicosystems may be difficult in
practice. A particular concern is where the curkeiance sheet of an economic unit contains
assets that are also part of an ecosystem (e.getinesources). Model A requires, ideally,
that the value of all ecosystem assets be attdbtttethe new quasi-sector for ecosystems.
Additionally, Model A requires a full gross measument of ecosystem services whereas in
Model B only additional, non-SNA flows need be eutated.

A.6.13 Model B reflects a more integrated view of thetielaship between ecosystems and economic
units. The key difference is reflected by adjusttadar 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 standardnemic unit. However, this model requires
the assumption that a specific institutional uninages the ecosystem and is, therefore,
responsible for the generation of ecosystem segvitlis 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 consideredeadrnvolved.

A.6.14 An alternative model that is somewhat of a compsenbetween Models A and B, is to
incorporate an ecosystem quasi-sector where tii®rsenly has outputs that are non-SNA
ecosystem services. Such a recording requirestaigrang of ecosystem assets, ecosystem
services and ecosystem degradation. This may bemadished by first deriving the total
value of the ecosystem, and then deducting thdimxisalues of relevant economic assets
already included on the balance sheets of the atdnihstitutional sectors. The resulting
residual would be the value of the ecosystem atd@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 tteucture 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 al@siwithout 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 intaghinto the sequence of accounts it may be
appropriate to keep this expenditure together (thesrly pertaining to a specific ecosystem)
rather than partitioning this expenditure acrosdtipla ecosystem managers through a series
of capital transfers.
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Annex 1: Approaches to defining units for ecosysteraccounting

To be developed

Annex 2: Data quality and scientific accreditation

To be developed
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