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Background

This document has been prepared to support discuasithe forthcoming Expert Forum on
ecosystem accounting. It has been prepared onatsis bf a range of materials but has not
been subject to substantial consultation at thistpdt should therefore be considered an
initial draft and not circulated broadly at thiageé. It is intended that following discussion at
the expert forum a revised document taking on babedinputs from the experts will be
prepared for circulation.

The content builds on the SEEA Experimental Eca@sgsAccounting initially released in
2013 and provides updates and further clarificatiinis hoped that the summary and
overview style of this document can provide a reddy common understanding of ecosystem
accounting for the participants in the Expert Foramd hence aid discussion and exchange at
the meeting.

A particular note is that the referencing in thewuoent is incomplete and needs substantive
work. Advice on amend or additional references \@dag welcome.

Also, most chapters have final sections outlinimmatusions and recommendations for
compilation, testing and further research. Thestiaes have not yet been drafted, in large
part pending the discussion at the Expert Forume Téxt generally provides a good
indication of the types of conclusions and reconuagions that may emerge.

Acknowledgements (to be completed)
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1. Introduction

1.1. Definition and role of ecosystem accounting

1.1 Ecosystem accounting is a coherent and integrgipcbach to the measurement of
ecosystems and measurement of ecosystems anadwsedt services from them into
economic and other human activity. Ecosystem adaogicomplements and builds
on the accounting for environmental assets as ibescrin the SEEA Central
Framework. In the SEEA Central Framework environaleassets are accounted for
as individual resources such as timber resourodistesources and water resources.
In ecosystem accounting the accounting is for tiedieidual resources operating in
combination as an ecosystem.

1.2.A prime motivation for ecosystem accounting is tlatseparate analysis of
ecosystems and the economy does not reinforceithlemature of the relationship
between humans and the environment in which we livehis context, the SEEA
EEA provides a platform for the integration of relat information on ecosystem
extent condition, capacity and services with infation on economic and other
human activity.

1.3.The accounting approach outlined in SEEA EEA exteartti complements a range of
other ecosystem and biodiversity measurement fimiéis in a number of important
ways.

» First, the SEEA EEA framework includes accountimy the changes in
ecosystem condition and function (including changedbiodiversity) and the
flows of ecosystem services. Often measurement hetet two aspects of
ecosystems are separate fields of research.

+ Second, the SEEA EEA framework encompasses measnoteim both
biophysical terms (e.g. in hectares, tonnes) anddnetary terms where flows of
ecosystem services are ascribed monetary valudtiooggh various non-market
valuation techniques.

« Third, the SEEA EEA framework is designed to faatk comparison and
integration with the economic data prepared follgyvithe System of National
Accounts (SNA). This leads to several design elémeancerning valuation and
measurement boundaries that are not systematieglpfied traditionally in
ecosystem measurement but, at the same time tdéedithe mainstreaming of
ecosystem information with standard measures @ production and wealth
that is required for analysis of, for example, aurgtbility and green economy.

» Fourth, the aim of the SEEA EEA framework is toyide a broad, cross-cutting
perspective on ecosystems at a country or largeratibnal level. While in
principle many of the concepts can be applied dttailed level the intent is to
provide a broad picture to enable integration witle broad picture of the
economy from the national accounts. Since manyystesi measurements are
conducted at a detailed, local level there is ampoirtant methodological
challenge to utilize these data to provide a nafiorew.

1.4.In this context, ecosystem accounting does notesgmt a competing measurement
approach. Rather it is hoped that the benefits wfding an integrated set of
information concerning ecosystem condition, ecasystservices and economic
activity can provide a basis for discussion andegrdtion between the various
perspectives, disciplines and related initiatives &re involved in this area of work.



1.5.The SEEA EEA has emerged from work initiated by ititernational community of
official statisticians and their development of tREEA Central Framework. While
there has long been recognition of ecosystems énctintext of environmental-
economic accounting and of the need to accounth®rdegradation of ecosystems
the approach described in the SEEA EEA has only@soein recent years. Its design
is attributable to the relatively recent developimanconcepts of ecosystem services.
With these concepts it has been possible to incatpaaccounting for ecosystems
using the accounting approaches that have beerogedefor recording economic
activity and individual environmental stocks andwk (water, energy, timber
resources, GHG emissions, etc).

1.6.0ne result of this bringing together of traditionational accounting and newer
concepts of ecosystem services is that ecosysteouating is considered to be an
emerging and still developing area of work. Thugyilevit shows considerable
potential as an integrating framework, there remainumber of areas that require
much further discussion and testing. In additions by nature an inter-disciplinary
undertaking and, since each discipline (statistmspnomics, national accounts,
ecology, geography, et al) brings its own perspeaind language, all involved must
recognize the additional effort required to respectd understand the other
perspectives.

1.2. Scope and purpose of SEEA EEA Technical Guidance
Connection to the SEEA EEA

1.7.The SEEA Experimental Ecosystem Accounting: Tedin{8uidance (EEA TG)
provides a range of content to support the testimd implementation of ecosystem
accounting at national level. It complements SEEApdfimental Ecosystem
Accounting (SEEA EEA) released in 2013 that degttia framework for ecosystem
accounting and provided an initial foundation fascdssion and collaboration on
ecosystem and biodiversity measurement issues.

1.8.EEA TG uses the SEEA EEA as its starting pointlaasis for conceptual discussion.
However, since its drafting in 2012, there has bieetiher discussion and testing of
concepts and engagement with a broader range efested experts. The core
conceptual framework remains solid but some aduiligssues, interpretations and
approaches have arisen and EEA TG seeks to intotlunse new topics and
thoughts into the discussion on ecosystem accayintin

1.9.EEA TG should not be considered to reflect therdéfe word on the issues of
ecosystem accounting since further testing andudssen in this emerging field is
required. Thus, it provides additional backgroundntext and clarification to the
concepts outlined in SEEA EEA with the intent o€reasing understanding of the
ecosystem accounting approach and its potentialer@/lrelevant, advances in
thinking on specific topics, for example on theitopf ecosystem capacity, have been
introduced to ensure that the content is as upate ds possible in this rapidly
developing field.

Connection to other materials

1.10. The EEA TG also aims to place in context a rangetber materials on
ecosystem accounting that have developed overasief@w years. Examples include
the CBD’s “Ecosystem Natural Capital Accounts: Ai€uStart Package” (ENCA
QSP); UNEP’s “Guidance Manual on Valuation and Apding of Ecosystem
Services for Small Island Developing States”; therM/ Bank WAVES’ “Designing



Pilots for Ecosystem Accounting”; and the EU’s “Npapg and Assessment of
Ecosystems and their Service&’(&port)”. These materials have been developed by
different agencies and for different contexts bawenan important role to play in the
testing of SEEA EEA and communicating the potentifila national accounting
approach to ecosystem measurement. A short ovevighese different documents
is provided later in this chapter.

1.11. As described in SEEA EEA, there are often strongnegstions between
accounting for ecosystem condition and ecosystendices, and accounting for
individual ecosystem components such as water and. IConsequently, work on
ecosystem accounting should take advantage ofatigeerof materials that have been
developed relating to the measurement of wateruress (including SEEA Water),
forests and timber, fisheries, and land. While ¢hmsiterials have not generally been
developed with ecosystem accounting in mind, thenetheless support the
development of relevant estimates and accountsvells these document often point
to potential applications of ecosystem accountitgctv can provide a useful focus
for compilers.

1.12. Throughout the EEA TG, references to these docwsnamd other relevant
material are included as appropriate. ConsequdBEA TG should reflect somewhat
of a reference guide in addition to being an upkte description of the state of
ecosystem accounting.

The audience for EEA TG

1.13. The primary audience of the EEA TG are those peepdeking on the
compilation and testing of ecosystem accounts tmel level and those providing
data to those exercises, perhaps as part of selyaegtablished ecosystem and
biodiversity monitoring and assessment programs @bntent should also assist
those who may use the information that emerges &eirs of ecosystem accounts but
the potential applications of ecosystem accountstighe focus of this document.

The scope of EEA TG

1.14. All aspects of ecosystem accounting as describe®8EBEA EEA are within
scope of EEA TG. However, far more emphasis has p&ed on measurement in
biophysical terms than on issues concerning valoatind integration into the
standard national accounts. This balance refléetiswork over the past few years in
the context of SEEA EEA has tended to focus ontsjgal measurement in terms
of land and ecosystem condition accounting. It aéflects a pragmatic view that the
valuation of ecosystem services and ecosystemsassgiires a strong grasp of the
relevant stocks and flows in biophysical terms. amuently, resolving the
accounting issues in biophysical terms can be densil a necessary first step.

1.15. It is recognized that there is a substantial ffléxpertise and experience on
the valuation of ecosystem services but it is tdsar that there have been significant
advances in linking this knowledge to the challemgevaluation for SEEA EEA
based accounting purposes — a challenge raisedastiisgly in the SEEA EEA
Chapter 5. While some developments will be repootedn this document, This area
requires further work both in testing valuation eggzhes in an accounting context
and in discussion among relevant experts (mainlgdoounting and economics) to
broaden the understanding of the valuation of extesy services for accounting
purposes.

1.16. Since the field of ecosystem accounting is quite aad is likely to advance
quickly given the range of testing underway, theAEEG cannot be considered a
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definitive document but rather a summary at a pwirttme. However, it is intended

that in the coming 3-5 years a process will be wa#ten to update the SEEA EEA,

taking advantage of all relevant conceptual andtmwa development, and put in

place an international statistical standard forsgstem accounting. Through this
process it is also proposed that relevant guiddseaipdated and shared on an
ongoing basis with the EEA TG providing the struetu

1.3 Linksbetween EEA TG and other initiatives

1.17. As noted in Section 1.2, the content of EEA TGasdd on the conceptual
ecosystem accounting model described in SEEA EBAurn, the conceptual model
complements the accounting for environmental ass$etsthe SEEA Central
Framework and the accounting structures themsebses applications of the
principles and structures described in the SysteMational Accounts (SNA). Thus,
the EEA TG is firmly rooted in national accountingnventions and approaches to
the organization of information.

1.18. At the same time, the ongoing testing and developntd ecosystem
accounting as reflected in the EEA TG continueglémonstrate that this area of
accounting is not a straightforward applicatiomafional accounting principles. The
primary driver for this is that ecosystems arestahdard assets in the ways generally
conceived by traditional economic accounting. ladtehey are characterized by
having multiple owners, generating multiple sersicend have the potential to
regenerate themselves in the future.

1.19. The second key driver is that the information seuired for the compilation
of a full set of ecosystem accounts is very divensd not generally coordinated at
national level. Economic statistics are, on the lwhquite well coordinated by a
small number of leading institutions (e.g. natios#htistics office, central bank,
taxation office). The lack of co-ordination of thederlying information needed for
ecosystem accounting has meant that ecosystemrdgpis one among a number
of information integration initiatives concerningwronmental data. For the EEA TG
and those compiling ecosystem accounts, it meatstimnections can and should be
made to a variety of information and data projeci®ss a number of agencies.

1.20. Finally, since ecosystem accounting is a relativedw field it is natural that
different approaches and perspectives are develofdihere are thus a range of
documents describing approaches that are essgre@bsystem accounting even if
not fully aligned with the conceptual model desedbin the SEEA EEA. Since these
documents provide useful information for SEEA basstbsystem accounting
purposes, the following paragraphs provide a shammary of some key documents
of this type.

a. CBD Ecosystem Natural Capital Accounts. Quick Sart Package (ENCA QSP)
(October 2014)

The ENCA QSP is a detailed technical document aiatestipporting countries in
the implementation of Aichi Biodiversity Target 2n othe integration of

biodiversity values in national accounting systetdsing techniques developed
in a European context (European Environment Age6y,1) and applied in

Europe and in Mauritius, the ENCA QSP gives pratijtiidance on establishing
detailed spatial datasets on land cover, carborierwapecies diversity, and
various landscape level indicators (e.g. on fragatem and ecotones).

The two key strengths of the ENCA QSP are its desimation of the potential to
integrate large volumes of data at country levitgrousing global level datasets;



and its demonstration of a national accounting e@ggr to ecosystem
measurement wherein data are scaled up and dowegased to provide an
overall picture of change for a country as a whdlee ambition to provide a
broad picture for a country as distinct from a [gecestimate for a specific
ecosystem is an important distinction of ecosystenounting.

The focus of the ENCA QSP is on the measuremergcosystem extent and
condition. It does indicate a link to the measuneta ecosystem services but
this is done only via an assumption that for a igieeosystem condition there
will be a specific basket of ecosystem servicesosistem services are not
measured directly. A consequence is that the measnt scope of ENCA QSP
is narrower than the SEEA EEA.

With regard to the measurement of ecosystem canditie ENCA QSP proposes
an approach that uses indicators of a limited nurobecosystem characteristics
that are applied to all ecosystem types. This blwadh approach may well seem
inappropriate from an ecological perspective bt ithtention is to provide a
quick and broad assessment.

ENCA QSP does proceed to valuation but does sdimited way via the use of

restoration costs as a measure of ecosystem dégradehere is no valuation of

ecosystem services nor valuation of ecosystem sassebutlined in the SEEA
EEA. Concerns about the use of restoration costoagpes are discussed in
Chapter 8 of EEA TG.

Overall, its detailed proposals for the estimatioh accounts with national
coverage for land, carbon and water and various-kigel indicators concerning
ecosystem function are important contributions simoluld be of direct support to
compilers of ecosystem accounts as described iSHiA EEA.

b. World Bank WAVES Designing Pilots for Ecosystem Accounting (May 2014)

This guidance material provides a summary of the fleatures of ecosystem
accounting and how a country or region might wankdrds developing a set of
ecosystem accounts. Its coverage includes diseussiche types of issues that
might benefit from the compilation of ecosystemasts, the selection of a case
study area/site, assessment of the relevant eensystrvices, guidance on the
biophysical mapping and analysis of ecosystem sesyi and shows an
application of the approach to a study area in Peru

The focus of the material is on providing appraigriecontext and criteria / factors
that are relevant for making decisions in respe@dosystem accounting. While
there is some mention of the measurement of earsysbndition and somewhat
more discussion on the issue of ecosystem capamityhe whole the primary
focus of the material concerns ecosystem servidethods for the valuation of
ecosystem services are mentioned.

This material should provide a useful complemenbtiser materials, such as
those focused on ecosystem condition (ENCA QSPyegdlend those focused on
valuation (UNEP SIDS Guide, below). Indeed, thisgence of complementarity
speaks to the breadth of the requirements for stesyaccounting.

Since the focus of the guidance is on the pracioplementation and testing of
ecosystem accounting there are no specific degarttrom the SEEA EEA
concepts. Of course, the precise manner and methgdehich ecosystem
accounts should be compiled remain the object eftéisting and in this regard
the WAVES guidance material should usefully comm@atithe EEA TG as well.






¢c. UNEP Guidance Manual on Valuation and Accounting of Ecosystem Services for
Small Island Developing States (S DS) (January 2015)

This manual was prepared in the context of thaquéar imperatives for SIDS to
manage their development in the context of clintdignge and recognizing the
particularly strong link between SIDS economies #&ir natural environment.

The first part (chap. 2 - 4) of the guidance isukexd on the measurement and
valuation of ecosystem services and a thoroughvaerof relevant concepts

and methods is provided with a particular focusr@asurement in the context of
SIDS. Step by step guides to the most relevant adsttare also provided. The

coverage of this discussion is not solely on vabmator accounting purposes

since there are other reasons for valuation otfer &ccounting (e.g. cost benefit
analysis, program evaluation, etc).

Chapter 5 describes two aspects of “ecosystemcgeagcounting. The first is a
summary of work in Mauritius that is an applicatiohthe methods described
above in the ENCA QSP. In effect this work does reftect accounting for
ecosystem services but rather accounting for etasysondition. The second
aspect outlines some steps to the valuation ofysta® services for inclusion in
the standard national accounts. The use of a ptiedufunction approach is
summarized for a small set of provisioning anduralt services.

The guidance does not cover the valuation of régugaervices in an accounting

context and while pointing towards the integratidrecosystem services into the
national accounts, it does not discuss the relevesatsurement issues or mention
issues such as the valuation of ecosystem degoadati

This Guidance Manual should provide useful infoioratfor those wishing to
undertake the valuation of ecosystem services dopanplementation of work
on SEEA EEA however care is needed on the disaussidhe integration of
ecosystem services value within the standard retimecounts since some of the
important integration issues are not considered.

d. EU Mapping and Assessment of Ecosystems and their Services (MAES)

The EU’s MAES project is a large measurement ptojgorking towards

completion of Action 5 of the EU Biodiversity Stegly to 2020. The MAES
framework encompasses the two key dimensions ofunement that are also in
the SEEA EEA namely ecosystem condition and ecesysiervices. In that
sense, the developments in the MAES provide a aelegxample of the types of
measurement issues likely to arise in ecosysterouating. Indeed, part of the
MAES project is the development of a methodologaggtroach to natural capital
accounting.

To date the main output from the MAES project ssrigport (February 2014) on
“Indicators for ecosystem assessments under Adiai the EU Biodiversity
Strategy to 2020”. In this report it documents tstablishment of six pilots
across Europe and the results from assessing ¢epsgendition and an array of
ecosystem services in different ecosystem typesgts, cropland and grasslands,
freshwater, and marine).

The document is useful in highlighting measurenparssibilities and challenges
in a summary manner thus providing insights forsth@aiming to establish
ecosystem accounting projects. Particularly usefté the listings of (and
recommendations regarding) potential indicatorsdiferent ecosystem services
across the range of provisioning, regulating anitucal services. Such listings



are particularly useful in trying to understand tigge of information that might
be relevant.

In the context of ecosystem accounting the approaéten is particularly
appropriate since it is working form the intentnoéasuring ecosystems and their
services at a national and pan-European level. fJpis of broad assessment and
the use of relevant frameworks and classificaticsvell aligned with the
intentions of ecosystem accounting.

A draft reference document on natural capital anting has also been released
for consultation (January 2015). Largely it is asaetion of the various
approaches to natural capital accounting, including SEEA and includes
discussion of natural capital itself, and the rofenatural capital accounting in
policy. The document discusses also the role afatan, in both monetary and
non-monetary terms. The document does not providthadological guidance
but is useful in providing background material t8BE\ EEA based accounting
exercises.

1.21. In addition to these documents, there is an inangavody of work
developing that is testing the conceptual model éopsystem accounting as
described in the SEEA EEA. Projects are taking eplat national level and sub-
national level, and being undertaken as part ariational initiatives, by national
and provincial governments, by non-government dsgdions and by academia.
Chapter 14 of EEA TG provides some brief summanieselevant work to give a
sense of the directions being pursued. Links teveeit outputs and documentation
from these projects will be of value to those segkio establish ecosystem
accounting projects.

1.22. Also, there are an increasing number of examplgz@jects and initiatives
focused on particular components relevant to etesysaccounting. Work on
biodiversity, soil, land cover, water, carbon inetltontext of accounting is
proceeding, sometimes in awareness of the SEEA fe&Aework, sometimes not. It
is very likely that the learnings from these comgrarbased studies can be integrated
into the SEEA EEA and hence discussion with thasdertaking these studies is
particularly important for the compiler of ecosystaccounts. While it is likely that
results may need to be tailored to suit the pdefctequirements of integration with
the national accounts, this step is more straigiviad than the gathering of specific
intelligence and knowledge on ecosystems and tiogiponents.



1.4 Linksto corporate accounting initiatives

1.23. In parallel with the work on developing environmaréconomic accounting
as a complement to the SNA, there is an equally lbistory of work on the
integration of environmental information into corpte accounting. By and large,
these two streams of accounting have not interantadsignificant way. While there
are differences between national and corporate uatit, there appear more
similarities than differences and a joining of efoin this space would be a positive
step forward.

1.24, To this point however, the integrated ecosystemowaing approach
described in SEEA EEA has not been applied in agatpoaccounting. Efforts at
environmental or natural capital accounting hawbegifocused on integrating the
costs of residual flows (emissions, pollutants) @ito current accounting structures
or focused on a more generic reporting on envirgried@nd natural capital issues as
a complement to the standard suite of accounts.

1.25. The second approach has developed considerable mameia the Global
Reporting Initiative (GRI) and the Internationatdgrated Reporting Council (IIRC
but neither of these approaches yet incorporatéstagrated approach to accounting.

1.26. Work on integration into standard accounting stritet is being developed
via the Natural Capital Protocol (NCP) by the Nat®€apital Coalition and the work
on the Natural Capital Declaration being co-ordidatby the UNEP-Finance
Initiative. However, at this stage whether ecosysaecounting type approaches will
be incorporated is unclear.

1.27. Research funded by the UK Government’'s Natural @h@ommittee has
proposed a corporate natural capital accounting eiathereby the value of
ecosystems is incorporated on a company’s balameet sising the net present value
of ecosystem services — thus following the logiS&EA EEA. However, measures
of ecosystem degradation are then estimated usimgtaration cost approach and
further, no alteration to the company’s income duoiction boundary is developed.
These two matters are inconsistent with the divectf the SEEA EEA. (Further
discussion on these issues is in section 9.6.)

1.28. Notwithstanding the current lack of overlap betwebe natural capital
accounting work at national and corporate levefsrélation to the testing and
development of ecosystem accounting at a natiomal Ithere are a number of
reasons for establishing a relationship betweesethe/o branches of accounting.
First, in many cases understanding the environreeottomic relationship requires
assessment of public goods. Consequently, the a@vent of corporate accounting
requires information beyond their own operationscdhd, there may be a good
opportunity for the public sector to improve theipllection of data on the
environment through appropriate coordination whik business community. Third,
the business community relies on public data, sashthe national accounts, to
understand its wider operating environment bothionatly and globally. Widely
developed ecosystem accounts should be able togffidar advantages in terms of
standardised approaches to assessing operatiskslamd opportunities. Fourth, joint
development and exchange should help to more quadkiance the research agenda
especially via a common understanding of termscamdepts.



1.5 Structureof EEATG

1.29. EEA TG Chapter 2 covers the general principles aafsgstem accounting
with a summary of the ecosystem accounting modetrideed in SEEA EEA and a
discussion of key boundary issues.

1.30. Chapter 3 summarises the various accounting unitkssifications used in
ecosystem accounting.

1.31. Chapter 4 describes the main types of ecosystequats

1.32. Chapter 5 introduces accounting for flows of ectemysservices with a

description of some of the key boundary and clesgibn related issues and the
relationships to other concepts such as benefitsvat-being.

1.33. Chapter 6 provides an introduction to accountingvirious components of
ecosystems namely land, carbon, water and biodlyers

1.34. Chapter 7 considers the issue of accounting fosystem assets in a holistic
way which, in particular, involves dealing with thggregation of information and
the measurement of condition, capacity and degadat

1.35. Chapter 8 summarises the important and often ceerts@l topic of
monetary valuation from an ecosystem accountinggeetive. The aim is to support
a considered discussion of the role and relevafoeloation rather than provide
detailed guidance on the application of particulduation techniques.

1.36. Chapter 9 updates the discussion in the SEEA EEApteh 6 on the
integration of ecosystem and economic informatian the accounting framework.
Since the release of the SEEA EEA there have baae sdditional insights that take
forward discussion in this area although there ienmatstanding issues from a
conceptual and practical perspective.

1.37. To support the discussion in the EEA TG and alsassist in advancing the
research agenda for ecosystem accounting, a s#ri&BICA Research Papers has
also be released covering a range of topics in nguehter depth than conveyed in
this document. The list of ANCA Research Papepasided in Annex 1.
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Main aspects of ecosystem accounting

I ntroduction

2.1.This section complements the text in SEEA EEA Caaptby providing additional
descriptions of key elements of the SEEA ecosysieocounting model. In doing so
the section also provides some additional matewie¢flect the ongoing discussion of
the ecosystem accounting model. This particulagates to a discussion on the
concept of ecosystem capacity and the treatmerintef-ecosystem flows. First
though a quick summary of the ecosystem accoumtiogdel is presented.

2.2 The SEEA EEA ecosystem accounting model and key accounting principles

2.2.1 The Ecosystem Accounting Model

2.2.The SEEA EEA ecosystem accounting model has 6 mamponents that are
reflected in figure 2.1 below. Starting at the bottof Figure 2.1 the model is based
around accounting for an ecosystem asset thafiieedespatial area. Eadgosystem
asset has a range of relevaatosystem characteristics and processes that together
describe the functioning of the ecosystem. The @tiing model proposes that the
stock and changes in stock of ecosystem assetse&sured by considering the
ecosystem assetextent and condition which can be done using indicators of the
relevant ecosystem’s area, characteristics and:pses.

Figure 2.1 Ecosystem accounting model (SEEA EEAIE@.2)

Human inputs (e.g., labour,
produced assets)

Individual & societal well-being

Ecosystem

; Other ecosystem
services

assets

TAAN
Ecosystem processes

system characteristics Intra-ecosystem flows Inter-ecosys

ECOSYSTEM ASSET
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2.3.Each ecosystem asset generates a sebsfstem services which, in turn, contribute
the production obenefits. Benefits may be goods or services currently ithetlin
the economic production boundary of the SNA, SNAdigs, or they may be
benefits received by individuals that are not pastliby economic units (e.g. clean
air). These are non-SNA benefits. Benefits, bothASMd non-SNA, contribute to
individual and societalell-being or welfare.

2.4.The chain of relationships from ecosystem assetgelbbeing is at the core of the
SEEA EEA. While there remain some important issafedefinition in terms of the
boundaries between different components, and tleenain significant measurement
challenges in both physical and monetary terms, dbee model reflecting the
relationships between ecosystem assets, ecosystevices and individual and
societal well-being remains strong.

2.2.2 Assets and services

2.5.At the core of the ecosystem accounting model efSEEA EEA is the distinction
between ecosystem assets and ecosystem servieesoriier are the stocks within
the accounting system and the latter are the flaWs.distinction is an application of
the separation in standard accounting betweenatauitl income.

2.6.By accounting for both of these components andeptésg both in a single integrated
model, two key advantages accrue

« First, a significant amount of data can be integtdah both bio-physical
and monetary terms

»  Second, issues of sustainability can be considsirezk the capacity of
the ecosystem asset to deliver services can bédeved separately from
the flows of ecosystem services themselves.

2.7.There are a number of approaches in the field ofystem measurement that focus
on either the assessment of ecosystem assetstbe dlows of ecosystem services.
Those that focus on ecosystem assets tend to wdbkoiphysical terms and while
this information is undoubtedly of value and reles®, the issue of why ecosystem
assets are important is not addressed. That isjnfioemation does not directly
highlight the connections between ecosystem asaets economic and human
activity.

2.8.0n the other hand, approaches that focus on eewmsyservices, particularly those
targeting monetary valuation of ecosystem servicas, tend to infer or assume a
connection to the underlying ecosystem assets wipcterate the services. This is
consistent with standard accounting and economiwsrevthe value of an asset is
considered to be equal to its discounted futurerime stream. However, using this
assumption in ecosystem accounting puts to onesiphéficant issues of the multi-
faceted connection between ecosystem assets ardrihiees they generate.

2.9.The significance of the SEEA ecosystem accountimglehthus lies in requiring
consideration of both assets and services andeirrdbognition of the connection
between the two key components.
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2.3 Thestepsin compiling ecosystem accounts

2.10. While the conceptual model for ecosystem accouritifggure 2.1 provides
a general description of the relationships betwibendifferent stocks and flows, it
does not provide a sense of how a compilation o§ystem accounts might proceed.
This section provides a broad overview of the stepslved in compiling ecosystem
accounts. Later chapters in the EEA TG provide nu@til on the various types of
accounts and the related measurement issues andmemdations.

2.11. In broad terms the compilation of ecosystem accowvitl proceed from
basic physical measures of ecosystem assets ton#ssurement of ecosystem
services in physical terms and, from there, to atidum and integration with standard
economic accounts. This broad sequence is showigure 2.2 where the first series
of steps is in physical terms and the second sefisteps is in monetary terms. This
logic might be circumvented somewhat by first measu physical flows of
ecosystem services but without a clear articulatibthe ecosystem assets of interest
this task is likely to be somewhat more challengiRgrther, it is noted that since
ecosystem services are not traded on markets, traunation must follow
measurement in physical terms.

Figure 2.2 Basic steps in developing ecosystemuantso

a. Sepsin physical terms

Ecosystem Ecosystem Ecosystem Benefits
extent condition services received by
account account accounts economy
(by (by (by and
ecosystem ecosystem ecosystem households
type) type) type)

b. Stepsin monetary terms

Ecosystem
services Ecosystem Integrated accounts
accounts asset Augmented input-output tables
(supply and account Integrated sector accounts and
use) balance sheets

2.12. Step 1: For ecosystem accounting, as for natiooabumting, the first

important step is to delineate the spatial areaisate to be the focus for the accounts.
In principle, these areas should cover the entméty country’s terrestrial area and as
appropriate, relevant marine areas — perhaps drgptal a country’s EEZ. As a first
step, information on the total area should be dladsby type of land cover/marine
area thus providing a very broad approximation obsgstems. More detailed
classifications of total areas will also be apprater Chapter 3 discusses at more
length the issues of delineating and classifyirgfigpareas for ecosystem accounting
purposes.

2.13. Information on the total area, generally in hedars presented in an
ecosystem extent account. This account presents an opening and closing layea
type of land cover or more detailed classificatitogether with information on the
additions and reductions in area. The structurghef ecosystem extent account
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mirrors that of the land cover account describedhin SEEA Central Framework
noting the likely incorporation of more detaileés$es of spatial areas for ecosystem
accounting purposes. The compilation of the ecesysixtent account is described in
Chapters 4 and 7 with relevant information alst¢hig discussion of land accounts in
Chapter 6.

2.14. Step 2: Using the breakdown of ecosystem assetsrndieied for the
ecosystem extent account, the next step is to dentpe ecosystem condition
account. This account records information on the variobaracteristics that reflect
the condition or quality of an ecosystem. This niaglude information on water,
carbon, biodiversity, and soil. The set of releveimiracteristics will depend both on
the type of ecosystem (i.e. indicators for foregttlikely be different indicators for
coastal ecosystems) and on the use of the ecosystera the way in which an
ecosystem is used will usually have a direct effecthe way in which its condition
may change.

2.15. Chapters 4 and 7 discuss the compilation of ecesysbndition accounts in
more detail. Chapter 6 discusses the compilatianfofmation on carbon, water and
biodiversity using accounting approaches sinceethdsta are likely to be highly
relevant in monitoring the condition of most ecdeyss.

2.16. Step 3: The next step involves the measurementagystem services in
physical terms. This measurement is completed Imsidering each ecosystem in
turn and determining the relevant ecosystem senaoel appropriate indicators. This
task should be conducted by using a classificatibecosystem services such as
CICES. In effect a classification can provide a atfist to ensure appropriate
coverage in measurement. This work should leatie¢acbmpilation of amcosystem
services supply account. The possible approaches to measurement are séstirs
Chapter 5.

2.17. Still on ecosystem services, the next aspect ignstahding the link between
the supply of ecosystem services and the bendésiavho use those services. To
support integration with the national economic aerte the beneficiaries in
ecosystem accounting are grouped in the same wéyr de economic accounts —
i.e. by industry group and by institutional sect®his information on the types of
ecosystem service used by different beneficiareecdntained in arecosystem
services use account. The compilation of this account is also discugeedhapter 5.

2.18. Step 4: Although there are differing views on theris of monetary
valuation (see Chapter 8 for a discussion), ihésdase that there are many examples
of the valuation of ecosystem services and itnig@essary step for the integration of
ecosystem measures into the standard national miscothere are two main parts to
valuation in ecosystem accounting. First, the u#dmaof ecosystem services by
applying relevant prices to the physical flows obgystem services measured in Step
3. This permits the compilation acosystem service supply and use tables in
monetary terms.

2.19. Second, the valuation of ecosystem assets and neeaeot of ecosystem
degradation. This is done by estimating the nesgrevalue of each future flow of
ecosystem service from each ecosystem. Therefareuse, many challenges in this
step (discussed further in chapter 8) but a pdatilyuimportant one is assessing the
extent to which current ecosystem services suppiy lie maintained. This requires
an assessment of ecosystem capacity — in essancerthection between ecosystem
condition and ecosystem services. Information owsgstem capacity can be
presented in arecosystem capacity account, although this area of work is less
developed than other aspects of ecosystem accguhising the change in the net
present value of ecosystem assets, a value forysleos degradation can be
determined. Opening and closing values for ecosysiesets and changes in those
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values over an accounting period can be presentedniasset account for
ecosystems.

2.20. The final part of step 4 is the use of informatmmthe value of ecosystem
services, ecosystem assets and ecosystem degradatiaugment the current,
standard national accounts. This may be done inmaber places including (i) the
input-output table where ecosystems can be incatpdrto show the supply of
additional services and the extension of the sumgblgin; (i) the sequence of
accounts where measures such as GDP, national ég@md saving are adjusted for
the cost of ecosystem degradation; and (iii) thenal balance sheet where the value
of ecosystem assets is incorporated to derive dgtemeasures of national wealth.
There are challenges in all of these areas thafiaceissed at more length in Chapter
9 onintegrated ecosystem accounts.

What constitutes ecosystem accounting?

2.21. A reasonable question, in light of the lengthy bétdifferent accounts just
described, is which accounts constitute ecosystrouating? Further, do all of the
accounts need to be compiled? The response to gueséions has two main aspects.
First, ecosystem accounting is as much an appraaoteasurement as it is a set of
accounts. As outlined further in Section 2.5 ectwys accounting embodies
important underlying aspects of national accounting establishing broad and
comprehensive boundaries and standardised relatmbetween different stocks
and flows. In this context, ecosystem accountingni@pproach to measurement that
goes well beyond the measurement of individual ystesns or the valuation of
individual ecosystem services. It is the bringingether of a variety of information
that is the feature of ecosystem accounting.

2.22. Second, in the context of this comprehensive ambrod must be accepted
that all of the accounts described above cannatobgpleted at once and there is a
quite natural progression through the accounts.thfes progression takes place
ecosystem accounting becomes more advanced bathtpeint along the way the
completed accounts will be relevant for particydalicy purposes and analysis. That
is, it is not necessary to complete the full sedesccounts for the information to
become relevant.

2.23. Based on current experience a reasonable firsk ¢vatainment in terms of
ecosystem accounting would be the compilation @bants for ecosystem extent,
ecosystem condition and ecosystem services suglpin, physical terms. These three
accounts form the basis for all accounts beyond iartieir own right comprise a
coverage of the key elements of the ecosystem atiogumodel in Figure 2.1. It is
also likely to be the case that in compiling thaseounts it is relevant to compile
several component accounts such as accounts fictarer, carbon, water resources
and biodiversity. These accounts will organise ddt&alue in their own right but
will also directly support the compilation of themary ecosystem accounts.

2.24. In compiling these first three accounts (extenthditon and ecosystem
services supply) the largest gap lies in the ldakeaningful aggregates that permits
broad assessment across ecosystems (aside froagatgn in terms of total hectares
in the extent account). One path toward aggregasidhe use of monetary valuation
and it is in this context that the drive towardduadion and ultimately towards
integration with the standard economic accountaas relevance. Some may argue
that without this objective being obtained thensgstem accounting is a “detour”
(Bartelmus, 2015) and lacks real meaning. Howebher SEEA perspective is that all
of the accounts described embody national accagiimciples and structures and
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hence work towards the meaningful mainstreamingnefronmental information into
economic and other decision making which is therdi@g objective of this work.

Further advice on implementation strategies

2.25. To be completed: could include here reference tmma work plans, advice
from WAVES document and CBD QSP, reference to tBEEA Implementation
Guide and any other implementation materials

2.4 Key boundary and conceptual issues

2.4.1 Introduction

2.26. Within the context of the conceptual model for gsbsm accounting just
outlined there are many measurement challengess Bhction is aimed at
highlighting five key aspects of ecosystem accognthat should be considered in
advancing work in this area. Further discussiotheke aspects is presented in the
remaining chapters, sometimes in the form of recemations for compilation and
testing and sometimes in the form of issues rengiifirther research and discussion.

2.4.2 The spatial approach to ecosystem accounting

2.27. The ecosystem assets that are the basis for eeosystcounting are spatial
areas. Consequently, the delineation of spatia@sangthin a country is a fundamental
part of ecosystem accounting. To support the peooéslelineation the SEEA EEA
describes a units model in which different typesdtial areas (units) are related to
each other. The units for ecosystem accountingleseribed in SEEA EEA section
2.3 and the logic is summarized briefly in EEA T®apter 3 together with an
introduction to the related issues of classifiqaid units.

2.28. The delineation of units is important for ecosystaotounting since the
ultimate intent is to provide a comprehensive pietaf ecosystem assets and the
services they supply across a country without gapsd overlaps in measurement.
Thus defining the units appropriately and consibgeim relation to each and over
time is a central feature. An analogous approa¢hkien in economic measurement
where individual economic units (businesses, halgshgovernments) are classified
to mutually exclusive classes of industries to feva better understanding of the
changing structure and performance of the economy.

2.29. As discussed in Chapter 3 there remain a numbessoés to be resolved in
applying the broad units model to ecosystem acooginThese issues include (i)
determining the appropriate scale for analysi$,d@fining the relationship between
the delineation of spatial areas (and hence ecarsysissets) and the generation of
ecosystem services since ecosystem services, ipartjcregulating services, which
may be generated over spatial areas that cross/steos asset types; and (iii)
connecting the spatial areas relevant for measuttieg generation of ecosystem
services with the location of beneficiaries of #ggrvices.

2.30. Another role of the units model is to facilitates thpscaling and downscaling
of information. Since so many different data akelif to be required from national
level production data to site specific conditiontagaan important challenge in
ecosystem accounting is the integration of inforamato a common scale, using
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scaling techniques, and then re-presentation ofddte to the relevant level for
aggregation and communication. Chapters 5 and Vigeaa summary of possible
approaches to scaling and the related issues tisat ia the context of biophysical
modeling of ecosystem services and indicators nélitimn.

2.4.3 The treatment of final and intermediate ecosystem services

2.31. The explicit focus of accounting in SEEA EEA witegard to ecosystem
services is final ecosystem services — i.e. thérifanions of ecosystems to benefits
used in economic and other human activity. The wbithal” was deliberately
dropped in the drafting of SEEA EEA with the inientof making it clear that those
flows that were not considered final were also nohsidered to be ecosystem
services.

2.32. While this choice was clear and internally consistsubsequent discussion
and explanation of the ecosystem accounting madgdests that use of the word
“final” as appropriate would help considerably kpkining the model, especially to
those already in the field of ecosystem measurement

2.33. A primary reason for this change is the increasetpgnition of the need to
incorporate into the ecosystem accounting modeldlbetween ecosystems that can
be explicitly linked to the generation of final egstem services. A fairly standard
example concerns the soil retention and water ipatibn services provided by
upstream forests to downstream surface water ressufrom which water is
abstracted for irrigation or household consumption.

2.34. Further discussion on the issue of final and inestisite services is presented
in Chapter 5.

2.4.4 Digtinguishing final ecosystem services from benefits

2.35. The SEEA EEA ecosystem accounting model has a dlstinction between
final ecosystem services and benefits. From anuatow perspective the distinction
is meaningful since it facilitates the integratiminfinal ecosystem service flows with
existing flows of goods and services, it recognittes role of human inputs in the
production process and especially the fact thatré¢fegive share of final ecosystem
services may change over time, and it helps intitymg the appropriate target of
valuation since final ecosystem services that dmme to marketed products (e.g.
crops, timber, fish, tourism services) will havedidéferent (lower) price than the
corresponding benefits.

2.36. For these reasons the principle of distinguishiatylen ecosystem services
and benefits is appropriate. It is also consisteith the approach taken in TEEB
(2010), Boyd and Banzhaf (2007), Haines-Young aotséhin (20xx) and the UK
NEA (2011) although the precise definitions andmierapplied for ecosystem
services and benefits varies in the different cases

2.37. In practice however, particularly at large scaltise explanation and
application of this principle can be challengindneTissues arise differently in the
context of provisioning services and regulatingvees. For provisioning services,
the difficulties lie in fully describing the varisuecosystem services involved in
generating, so-called, cultivated biological resegt Thus for crops, including
plantation timber, and aquaculture, the treatmsnthat these outputs are benefits
produced as a combination of ecosystem serviceshanthn inputs. Further, since
the balance of inputs between ecosystem servicdshaman inputs will vary by
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production process, this means that the using teasore of output/benefits as a
measure of the ecosystem service may be misleading.

2.38. For regulating services there are generally no muimguts in the production
of benefits and consequently the quantity of edesysservice will be equal to the
guantity of the benefit. The challenge howevebiappropriately describe the benefit
and the ecosystem service such that the focus ekumement is appropriate. The
focus in describing the ecosystem service shouldabdescription of ecosystem
processes or characteristics rather than on whgdbgystem services is a good thing.
For example, in the case of air filtration servities benefit is reduced risk (to the
local population) of respiratory diseases. Or, e tase of the service of soil
retention the benefit is reduced risk of landslidegcusing on this distinction enables
a clearer description of what the ecosystem isadlgtdoing to be established.

2.4.5 Ecosystem degradation and enhancement

2.39. The measurement of ecosystem degradation is ortbeokey drivers of
ecosystem accounting and for the SEEA more gegetalileed, without a concern
for a falling ability of the environment to providecosystem services it would be
possible to continue to view the environment amitdly capable of regeneration and
of supporting economic and human activity.

2.40. While the general idea of ecosystem degradatiorefiscting a fall in the
capacity of ecosystems to supply ecosystem serisossll accepted — there remains
debate about how this concept should be definedmeasurement purposes. The
alternatives are described in SEEA EEA Chapterdlae summarized in EEA TG
Chapter 7.

2.41. The related concept is ecosystem enhancement \ahigds when there is an
increase in the capacity of an ecosystem to suppbgystem services. Again, there
are some alternative concepts that can be usedlsmdome interesting connections
to the recording of investment in ecosystems wilobuld be recorded as a standard
entry in economic accounts.

2.42. The measurement of degradation and enhancemerbsdsliyc tied to the
definition of the concept of capacity, which asatbearlier, is a topic of ongoing
discussion. This issue is also picked up in Chaptétcosystem degradation related
issues also arise in the context of valuation,udised in Chapter 8, and in terms of
how degradation costs may be allocated across gdonmits, discussed in Chapter
9.

2.43. In the context of describing general principles éopsystem accounting the
most relevant observation is that ecosystem detjiosdis not something that can be
directly measured. It requires consideration of nges in overall ecosystem
condition, in the capacity of the ecosystem andhi overall basket of ecosystem
services. Given that the relationships betweenetlsments are many and varied
then, depending on the assumptions used, differmasures and interpretations of
ecosystem degradation will arise. Careful consttmraof the relevant building
blocks is required.

2.4.6 Valuation in ecosystem accounting

2.44, Valuation is commonly one of the most controvergssues in ecosystem
accounting. Given this reality, the intent of dission of this topic in the SEEA EEA
and in EEA TG is to provide a broad base for dismrsby articulating the different
elements of the debate and the key conceptual piatn a national accounting
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perspective. The general conclusion to date is éffactive valuation in monetary
terms requires careful consideration of fluepose of the valuation — for example for
accounting purposes or for the assessment of tHigldetween alternative scenarios.
Once the purpose is defined the appropriate valnatncept can be selected and
from these relevant valuationethods and techniques can be applied. Often the focus
moves directly to methods and techniques butstrigply not the case of one size fits
all. Chapter 8 provides a description of the rehevssues.

2.45. A fundamental aspect of valuation in an accountiogtext is that the first
step required is the valuation of individual ecdsys services. In general this will
mean finding an appropriate price to apply to aputed exchange of ecosystem
services between a given ecosystem asset (e.gest)f@and an economic unit or
individual (e.g. a forester). Valuing this imputegchange is the starting point for
broader valuation.

2.46. Valuing ecosystem assets requires consideringutueef flows of ecosystem
services that are expected to be generated byctsystem asset. Generally, this will
mean that a basket of ecosystem services needs forécast and priced with the
value of the ecosystem asset then equal to theresént value of the future flows of
expected ecosystem services. Recognising the giapsre required to move from
the valuation of ecosystem services to the valnadfoecosystem assets is important
in making decisions about the nature of implemématf ecosystem accounting.

2.5 Keyfeaturesof a national accounting approach to ecosystem measurement

2.5.1 Introduction

2.47. Given the focus of ecosystem accounting in the SEEpredominantly on
the organisation of biophysical information periagn to ecosystems, it may be
reasonable to conclude that there is little conaecto the standard approaches to
national accounting which focuses on the integratibmonetary measures of stocks
and flows of goods, services and assets. Thissei@iaimed at explaining the key
features of a national accounting approach and \ithyprovides a distinct
measurement discipline that works very effectividwards the mainstreaming of
environmental information into economic measures.

2.48. First, to place accounting frameworks in contexs itelevant to consider the
information pyramid (Figure 2.3). This pyramid ressits base a full range of basic
statistics and data from various sources includisgrveys, censuses and
administrative sources. Generally, these data hvélicollected for various purposes
with the use of different measurement scopes, &eqies, definitions and
classifications. Each of these data sources willdbevant to analysis or monitoring
of specific themes.
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Figure 2.3 Information pyramid
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2.49. The role of accounting frameworks (at the middiesls of the pyramid) is to
integrate these data to providesiagle best picture of a broader concepts or set of
concepts — for example economic growth or ecosystendlition. The compiler of
accounts must therefore reconcile and merge data frarious sources taking into
account differences in scope, frequency, definitind classification as appropriate.

2.50. Finally, having integrated the data within a sinfyjEmework, indicators can
be derived that provide insights into the changescémposition, changes in
relationships between stocks and flows, and othatufes taking advantage of the
underlying relationships in the accounts betweeckst and flows, between capital
and labour, between production and consumption, letticators such as GDP,
national saving, national wealth, terms of tradel anulti-factor productivity all
emerge from the one national accounts framework.

2.51. This section focuses on the approach that nati@eabuntants take to
providing the single best picture in the middletiecof the pyramid.

2.5.2 Key features of a national accounting approach

2.52. For those not familiar with the way in which nat@braccountants work
through measurement issues there are two key asgiait should be understood.
First, national accounting approaches generallyagbvcommence using data from
multiple sources that has already been collectadioNal accounting is therefore not
a challenge in defining questions, determining darsjzes, collecting and processing
data, etc. Those tasks are assumed to be compigtedperts in specific subject
matter areas or those in charge of administratata.ddeally, there would be a close
relationship between the national accounts compiher those collecting the data but
this can take time to evolve and in any event thgonal accountant will always
remain one step removed from the source data.

2.53. Second, in part as a result of not collecting dilargely as a result of the
underpinning conceptual framework, national accantst work “from the outside
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in”. National accounting is not a “bottom up” meesment approach whereby
aggregates are formed by summing available dattheRamost effort goes into

ensuring that the estimates that are compiled qpiattely reflect the target concept,
for example, economic growth or fixed capital fotioa or household consumption.
Generally, it will be the case that no single dsdarce can fully measure a single
concept and hence the role of the national accatrtato meld, integrate and

otherwise combine data from multiple sources tonege the concept as best as
possible.

2.54, Further, on this same point. It is not sufficiemtabtain the best estimate of
each concept in isolation. Rather the measureméneach concept must be
considered in the context of the measurement afratbncepts following national
accounts identities. Thus, for example, total syapld total use of each product must
align. Ultimately it is the ambition to produce,aasingle point in time, the single best
picture, of the concepts in scope of the natioomabants framework. This cannot be
achieved by relying on a bottom up strategy whéee micro builds neatly to the
macro. Instead, a top down or working from the iokgtén approach must be applied.

2.55. Building on these two key aspects there are somagetenational accounting
approaches that should be recognised.

» The maintenance of time series is fundamental.ré@tig the “single
best picture” it is not sufficient for each dataimido stand alone and
hence movements and levels must both be consid@#en national
accounts time series extend for over 30 or 40 yaadsthere are few if
any data sources that are maintained consistemdliythese time frames.
Indeed, generally data sources will improve thedthods and coverage
over time. Consequently, a key role in nationaloaots in linking
information from different sources and over timarisus methods may
need to be applied to consistently measure the sanmeept.

» Prices, quantities (volumes) and values are afiveeit. While the vast
bulk of the national accounts framework is presgnie terms of
relationships in value terms (i.e. in terms of #vtual monetary amounts
transacted); the most significant proportion oforeses on compiling
national accounts are targeted at decomposing tiamges in value
between changes in prices or changes in underiyohgnes. Generally,
most analysis of the national accounts, e.g. grawths, productivity,
investment levels, are conducted in volume ternes @fter removing
price effects). Again the single best picture amhitrequires balancing
these different perspectives at an aggregate level.

* Focus on the aggregate and then the allocatiomoAgh an iterative
approach is necessary at the final stage decisiart be made on the
aggregate measure and then the impact of thisidedittered through
the underlying data to various levels in the clfassions — either by
product, industry or institutional sector. Thisdimprocess of allocation is
the means by which the national accounts approashres consistency
and coherence between the various concepts wibi@nframework. It
cannot be assured through coordination of the lyidgrdata.

* The need for revisions. Without a time constrainttbe integration of
data and the release of results it is likely thatriational accounts would
never be completed. Given their scope there isy@waw information
that might be considered or new methods that niighadopted to refine
the single best picture. National accounting thuwsk& by ensuring the
release at regular intervals of the best picturth Wie knowledge that it
will be revised in due course and additional infation comes to hand.
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The reality of revisions is an important featurenattional accounting
approaches.

« Accounting is iterative. Fundamentally, the procekmtegrating data is
not a once through process. Each time a set ofuateds compiled
different integration issues will arise and willngeally only be resolved
through attempting integration, understanding #ssons for imbalances,
and implementing possible solutions. Gradually,iregle best picture
emerges. Ideally, resolving these integration isssi@ task that involves
both accountants and data supplying areas — oftsnjdint level of
operation is not a feature of accounting in practic

2.56. One overall consequence of a national accountipgoagh to estimation is
that comparability between different estimatesas assessed primarily on the basis
of method. In the first instance, comparability based on the extent to which
different estimates accurately reflect the targeicept. Indeed, since each national
accountant will be faced with the integration offetient source data a focus on
comparability of methods is likely not a helpfubding point although it must be
accepted that not all methods will produce estimafeequal quality.

2.57. One benefit of a focus on concepts is that countni tend to focus their
resources on measuring those aspects that are sf maevance to them. For
example, in a country in which agriculture is a dwant activity, resources should be
allocated to measurement of this activity. In afedé@nt economic structure, for
example a country with a large finance sector, lthtance of resources and the
associated accuracy of methods will and should iffereint. Since economic
structures changes over time, methods will alsalteeadapt. The development of
services statistics and associated measuremenbdseith the past 25 years is a good
example of this process.

2.5.3 Applying the national accounting approach to ecosystem accounting

2.58. For those not of a national accounting backgrouhis, description of the
national accounting approach may seem overly laosklacking in rigour. While it
is certainly the case that national accountingréaites a different approach, it must
be recognised that the ambition in national acdogris different from the objectives
of most statistical or database managers. In masts; including in the datasets that
underpin ecosystem accounting, the ambition isettegate databases pertaining to a
single theme or topic and to provide the best egimbased on the selected methods
and resources available. While this may well andukh involve comparison with
other datasets as part of editing the dataseteiterglly does not involve full
integration with those datasets.

2.59. A national accountant is not compiling such a dgattasit rather is seeking to
undertake the integration. In many respects thesfigle that must be undertaken by
an analyst or decision maker — i.e. making tradebétween different data sources
that may suggest different trends. Within the scopeconomic analysis, national
accountants have been making these tradeoff desisioout relative data quality (for
example between quarterly and annual data) withie tigour of the national
accounting framework, rather than a situation wheseh economic analyst was
required to make their own tradeoffs and likelydifferent definitions of economic
aggregates.

2.60. The application of a national accounting approachhiw ecosystem
accounting thus extends this approach to the ceratidon of biophysical and
scientific data. That is, within ecosystem accauptihe ambition is to integrate the
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various sources of information on ecosystem coowliti ecosystem services,
economic production and consumption, etc. and &sent the single best picture,
based on the available data.

2.61. One consequence is that for ecosystem accountiig riecessary but not
sufficient to have data for a particular ecosystgpe (e.g. forests) or for a selected
set of ecosystem services. Rather, effort must hdento obtain information that
permits assessment of the whole area of interefstllscope of supply of ecosystem
services. Certainly it would be relevant to placestiresources into measuring those
ecosystems and their services that are consideostl malevant but this should not
detract from the ambition to measure the whole.

2.62. In putting these estimates together it means tatat that may be regarded as
of good quality are adjusted to ensure an intedraieture. As well, since the
emphasis is on the measurement of a defined frankewome data sources may not
be used, whatever their quality, since they are defined following the required
concepts.

2.63. While these statements are somewhat stark, inipea@ national accounts
approach is very reluctant to ignore any informati®ather, efforts are generally
made to examine all relevant data and where nagesske adjustments to concepts
to permit integration.

2.64. Further, in the area of ecosystem accounting, vi®kngoing to define the
final integrated framework. In this context, theemnains considerable scope for an
active dialogue between those managing the underiyata sets and those designing
the ecosystem accounting framework. This dialoguessential for the generation of
high quality information.

2.5.4 Principles and tools of national accounting

2.65. In this final part of section 2.5, discussion foesi®n the main aspect of the
national accounting framework that underpin theigtesand application of the
ecosystem accounting model described in sectionTh@ focus here is on the main
principles and tools that national accountants yagpl ensure coherence in the
integration of data from multiple sources.

2.66. The following paragraphs present a brief descniptiof the relevant
principles. An extensive discussion of the prinegpls contained in the SNA 2008
and an extended overview is provided in SEEA 20&atal Framework.

2.67. Accounting identities. The accounting system retiesa number of identities
— that is, expressions of relationships betweeferdint variables. There are two of
particular important in ecosystem accounting. Fiteere is the supply and use
identity in which the supply of a product (or inigfcase ecosystem service) must
balance with the use of that same product. Thistityeapplies in both physical and
monetary terms. Often information on the supply ard of a product will be from
multiple sources and hence this identity providesieans by which data can be
reconciled.

2.68. Second, there is the relationship between balaheets and changes in
assets. This identity is that the opening stock pldditions to stock less reductions in
stock must equal the closing stock. Again, thisiiitg applies in both physical and
monetary terms. Without this identity there woukl o particular reason to ensure
that observed changes in ecosystem assets aligitedhs series of point in time
estimates of ecosystem condition that underpirb#t@nce sheets.
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2.69. Time of recording. In order to provide a singletbgisture across multiple
data sources it is essential that there is a comreference point referred to in
accounting terms as the accounting period. Gewerilis recommended that the
accounting period used in the SEEA is one year trsnitting alignment with
economic data that are usually compiled on thissb&tows are measured in terms of
recording all that takes place during the seleetecbunting period and stocks are
measured at the opening and closing dates of tteaiating period.

2.70. Commonly, different data sources will have diffaresference periods and
thus adjustments will be required to allow apprafgriintegration. For example, flows
may cover a date range that is not aligned withstected accounting period and/or
stock information will relate to a non-opening olosing period date. Where
adjustments are made these should be made ex@liditno adjustments are made
then the implicit assumptions should be described.

2.71. In addition to these key principles there are adewmon tools and methods
that national accounts apply. These are

2.72. Benchmarking, interpolation and extrapolation. Agdine range of different
data sources there will usually be a particuladyral source in terms of coverage
and quality. Commonly such a source will provideeachmark at a point in time or
for a given accounting period. Using this inforroatias a base it is then common to
apply indicators to extrapolate this informationpimvide more up to date estimates
and also to interpolate between benchmarks, fomplain cases where the best data
are collected every 3 years but annual estimateseguired for accounting purposes.
Generally, these techniques are applied to gendratérst estimates for a particular
variable and may be subsequently adjusted throhghbalancing and integration
process.

2.73. In some respects these types of benchmarking aexpotation/extrapolation
techniques may be regarded as a form of modellihg. extent to which this is the
case will depend on the sophistication of the tephm that is used. Generally,
regressions and the like are not utilised sincentagiing these models across the full
gamut of a national accounts framework would be/ vesource intensive. Further,
since the outputs are eventually integrated withiseries of accounting identities it
may be difficult to rationalise the statistical adtage of applying detailed modelling
approaches for individual series.

2.74. Modelling. Where modelling does become more in enat is when there is
a clear shortage of data for particular variableg~there are no direct estimates or
benchmarks that can be used to provide a starting.fdn this case, modelling may
be required. An example in standard national adsoisnthe estimation of estimates
of consumption of fixed capital (depreciation) whiare commonly estimated using
the so-called perpetual inventory model (PIM) thequires estimates of capital
formation and assumptions regarding asset livedapdeciation rates.

2.75. In the context of ecosystem accounting, the spdatdil required is likely to
considerably increase the need for modelling ailwhil be new ground for many
national accountants. Later sections in this EEAcCDBsider the role of biophysical
modelling in ecosystem accounting and the genegale of benefit transfer where
information from one location is applied in othecéations is one that confronts all
those involved in larger scale ecosystem measurenvghile these may not be
traditional sources of information for national acots type work, there is no
particular reason that such modelled data canndlireetly incorporated. It remains
the task of the accountant to integrate all avieldata as best as possible.

2.76. A general issue that crosses all of the discudsiarugh this section is that of
data quality. Unlike many of the source data tleadfinto the national accounts it is
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not usually possible to give a precise estimateashmon measures of data quality
such as standard errors. The melding and syntoésitultiple data sources makes
this task relatively intractable. In the same cghitis challenging to measure the
significance of the application of accounting pijphes. While clearly these principles
lead to coherence in the final data — it is ofteclear how much adjustment might
have been required in order for the coherence enbarced.

2.77. Ultimately it will often be the case that accourgge considered of a
relatively good quality if the picture that theyepent is broadly considered a
reasonably accurate one. This may emerge from deradion of (i) how well the
accounts reflect and incorporate data that areidered to be of high quality; (ii) in
commentary by accountants as to the extent of sd@rd required (noting that in a
number of situations accounts may be left unbakh@eel the size of the discrepancy
may be a measure of quality); (iii) the size ofis®mns to the estimates where a
consistent pattern of large revisions to initigireates either up or down would give
an indication as to the relative quality of the reeuand methods; and (iv) the
usefulness of the data from the accounts to ugdrthe end of the day if the data
from the accounts do not support meaningful decisiaking or analysis then the
guality of the accounts must be questioned.

2.78. A final area of mention concerns the treatment rafentainty in accounting
contexts. SEEA EEA Chapter 5 provide an overvieveeferal areas of uncertainty
that may affect information used in ecosystem acting. These include By its
nature, accounting aims to provide a single besup@ and in this context would
seem to ignore issues of uncertainty. Two pointaikhbe noted. First, to the extent
that the inputs into an accounting exercise argestubo uncertainty then this should
be taken into consideration in the compilation lwé faccounts themselves. Ideally,
degrees of concern about the data would be thecubf description in the reporting
of accounting outputs. The same holds true for @sgumptions that are applied in
the construction of accounting estimates — for gdann terms of estimating future
flows of ecosystem services in net present vallmilzions.

2.79. Second, while not generally undertaken, it wouldpbeusible to consider
publishing some ecosystem accounting aggregatdsnwéensitivity bounds. The
challenge of course is to ensure that a balant¢keeiraccounting identities would be
meaningfully maintained but some further considerabf how uncertainty can be
usefully reflected within an accounting context \ble welcome.

2.80. Third, accounting does not represent a model fiaimasing future changes in
systems. The national accounts therefore, orgamigemation about the composition
and changes in economic activity but do not purporprovide future estimates of
economic growth. Economic models, generally usimg tseries of national accounts
data, perform this role.

2.81. In the same way, ecosystem accounting is not degitmprovide a model of
how the ecosystem behaves. It records, ex postsures of changes in ecosystem
condition and flows of ecosystem services. How ihiesrmation might be combined
to support estimates of future flows or changesandition is a separate issue and
likely subject to considerable uncertainties. THistinction between creating a
structured set of information and modelling futws®tes is often not made in
scientific discourse and usually forgotten by ecoists. However, it is fundamental
to understanding the role that accounting may He &t play in supporting the
mainstreaming of environmental information into idem making.
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3. Ecosystem accounting units of SEEA EEA

3.1 Introduction

3.1.The starting point for ecosystem accounting is dakneation of spatial areas that
represent ecosystem assets. The focus on spatiat @nables the application of
accounting approaches since it means that all avieas a country or region can be
considered in a mutually exclusive manner. Thelehge for ecosystem accounting
however is that delineating spatial areas for estesys is not a straightforward task
and is certainly not equivalent to using existidgninistrative or political boundaries
as would normally be applied in socio-economicistias.

3.2.An initial challenge is that ecosystems are noy éaglefine spatially. In ecological
terms, ecosystems may be very small or very lamy# lRence determining the
appropriate scale for measurement and analyskeisnain requirement. The SEEA
EEA applies the definition of ecosystems from then@ntion on Biological
Diversity — “ecosystems are a dynamic complex ahplanimal and micro-organism
communities and their non-living environment intgirgg as a functional unit” (CBD,
2003, Article 2, Use of Terms).

3.3.From this starting point the SEEA EEA describesn#tsumodel that provides a
hierarchy of units at different spatial scales. Whihe definitions may appear
prescriptive it is recognised that the precise iappibn of the units model will require
testing and application before more definitive guide can be provided.

3.4.This chapter summarises the units model developeBEEA EEA. An extended
discussion on the units model and the approachdslitoeating relevant spatial units
is provided in ANCA Research Paper #1 (Bordt 2015).

3.2 The SEEA EEA unitsmode

3.5.The role of the units model is two fold. First ifoavs the organization of information
into separate entities that can then be comparddaggregated. This is akin to the
role of a units model in economic statistics whdiféerent types of economic units
(businesses, households and governments) are gilised by their types of
economic activity and legal structure. Second, uh#s model and the associated
classifications provide a basis for the structuriofgdata for ecosystem extent,
condition, and services.

3.6.Generally, the scale imagined for ecosystem acaoynélates to broad types of land
cover such as forests, wetlands, grasslands onatesms. Where these types of land
cover are quite mixed, the scale considered is rabeelandscape level. While land
cover is a primary driver of the types of ecosysteconsidered in ecosystem
accounting, it is recognised that this should rethe only consideration and hence
the SEEA EEA has developed the notion of Land C&arsystem functional Units
(LCEU). An LCEU, in most terrestrial areas, is defil as those areas that satisfy a
pre-determined set of factors relating to the ottersstics of an ecosystem. Examples
of these factors include land cover type, wateousses, climate, altitude and soil
type (SEEA EEA 2.57).

3.7.To support measurement and recognizing that spadigas often change
incrementally overtime, the second component oluthies model has been defined as
the Basic Spatial Unit (BSU). A BSU is a small smglatrea (say 1kf) often formed
by overlaying a grid on a map of a larger areacomtry. Each BSU can be attributed
a basic set of information (e.g. on land cover| sqie, elevation, land ownership,
etc) and then, using selected characteristics, B#td common features can be
grouped together. In this sense, LCEU may be forbyedombining contiguous BSU
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that have the same characteristics to form a velgthomogenous spatial area which
in terms may be considered to constitute an ecesysbr accounting purposes.
Generally, BSUs will be useful for some data in&tigm and modelling but will be
too small to operate as units for national leveloaniting purposes.

3.8.Since the general ambition of ecosystem accouimtintige SEEA is to account for all

ecosystems across a country, it is necessary te hamational level ecosystem
accounting unit or EAU. At this level, informatiam, for example, the generation of
ecosystem services may be integrated with the atgsrof national level economic
activity and income. Using a national level accauptunit also aligns with the

general intent of accounting to ensure coveragdl @omponents, without exception,
and from that basis assess materiality (or relatmportance) and changes in
structure over time.

3.9.While the idea of a national EAU is appropriatepmactice it is also very relevant to
consider sub-national level EAUs that may be agges to form a national
perspective. Indeed a number of levels in a hiesaef EAU may be envisaged,
possibly aligned with level of administrative boan@s. Alignment with
administrative boundaries would facilitate conmegtiecosystem information with
socio-economic information.

3.10. EAUs may also be delineated according to otheriapadundaries such as
hydrological zones/river catchments. Areas sucthese will generally encompasses
a number of different ecosystem types and in tloattext the EAU represents an
aggregate reporting level for information on thievant constituent ecosystems.

3.11. The conceptual links between BSU, LCEU and EAU sltewn in Figure
3.1

Figure 3.1 (SEEA EEA Figure 2.4)
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3.12. In the SEEA EEA there was not a great deal of tgiaon the relationship
between LCEU and EAU. Further discussion and cenattbn of the practical
application of the spatial units model has lech®following conclusions.

That LCEU, being defined as areas that are relgtitemogenous in
their characteristics, should be considered ecesysassets for the
purposes of ecosystem accounting.

That LCEU should be delineated such that no LCEUhiger than an
EAU in which it is located. Thus combinations ofnmgenous and
contiguous BSU may need to be split to not cross ridevant EAU
boundaries.

EAU should not be considered ecosystem assetathdrras higher level
reporting units.

While at the most aggregated level of a classifical. CEU may be

delineated solely on the basis of land cover, likisly that finer level

classes will need to be used in which case fagitirer than land cover
will be needed to delineate LCEU.

3.13. Given these conclusions the delineation of LCEU hedce of ecosystem
assets is a fundamental step in ecosystem accgurirbalance must be struck
between providing a highly detailed typology of &gstem assets and providing more
aggregated information that can be more readilysteded to providing information
about trends at an aggregate level. Approacheslinedting LCEU and the other
elements of the units model are described below.

3.3 Data sources, classifications and methods for delineating spatial units

3.14. The delineation of spatial units will involve theeuof a range of information.
Typical of the type of data are those relating to:

The physical topography of the country (coastlideital elevation
model(DEM), slopes, river basins and drainage areas

Land cover

Soil resources

Meteorological data
Bathymetry (for marine areas)
Administrative boundaries
Population

Transport and communication (roads, railways, pdimes, pipelines)

3.15. Using these types of information it is possibletmstruct maps for a given
country outlining different spatial units. In priagt, to integrate information from
these different data sources it will be necessaput in place a standardised grid that
can be used to provide a stable working base ®d#ta. Further, a projection system
that permits translation of information into a flavo dimensional structure will be
needed. And finally assimilation grids will be nedd
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3.16. With these data source and tools in place thereaarange of choices
available for delineating the spatial units needed ecosystem accounting. The
following considerations are relevant.

3.17. For BSUs. Most commonly in ecosystem accountingudision, BSUs are
conceptualised as reflecting individual grid sqaave rasters/pixels. This question is
not whether such a concept is appropriate but rathat size the squares should be
for ecosystem accounting purposes. This may, at btapresent, be a limited choice
depending on what data are currently available.e@#ly, information at the level of
1km2 would be considered to be the largest BSUwlaatappropriate. BSUs down to
5m2 or 10m2 are now possible for some countries Wiether delineation at that
level of detall is required or appropriate for gisem accounting remains to be
tested. Another alternative is to define BSUs basedhe delineation of cadastres
that are available in some countries. A concerrihitr approach is that the resulting
characteristics of the BSU may be too heterogentmhe aggregated meaningfully.

3.18. For LCEUs. There as yet no standardised methoddiimeating LCEUs and
the approaches for delineating LCEUs depend in grathe amount of information
available that can be attributed to the BSU leved &ence be grouped to form
LCEUs.

3.19. At a minimum information on land cover by BSU camused as a basis for
forming LCEU. An example of this approach is ddsed in the CBD ENCA QSP
(chapter 4) where land cover data, classified uieg-AO LCCS v3, is used to form
LCEUs aligned with the proposed LCEU classes inSEEA EEA. (See table 3.1
below). Depending on the size of the BSUs beinglugemay be necessary when
attributing a BSU to a land cover class, to deteenthe dominant land cover for each
particular grid cell.

Table 3.1 Provisional Land cover/ Ecosystem fumatianit (LCEU) 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

Source: SEEA EEA Table 2.1

3.20. Other approaches have used a broader range ofctéristics to delineate
LCEU. These include the approach of the MEGS ptaoje€anada and the work in
Victoria, Australia. Work by SANBI also shows hoWwet same principles of using
multiple characteristics can be applied in the cakenarine ecosystems. These
various methods are described in ANCA ResearchrRépe
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3.21. Another consideration is that accounting may besipdes without delineating
LCEUs as such and rather ensuring that all infolonabn ecosystem condition and
ecosystem services is attributed to the BSU ldi/éhis can be done then accounting
may take place at any aggregated scale — i.e. iken® specific requirement to
enforce LCEU classes.

3.22. For EAUs. The most obvious choices of delineation EAUs relate to
administrative boundaries. These boundaries carsrespest to the level of coverage
of government decision making and hence to a rarfiggher socio-economic data.
Depending on the decision making context howeveerdboundaries may be relevant
including river basins, landscapes and viewscaped,protected areas. In line with
the conclusions above EAUs should reflect an aggieg of both BSU and LCEU.

34 Keyissuesand challengesin delineating spatial unitsfor ecosystem accounting

3.23. As approaches to delineating the SEEA EEA’s unitsleh are developing
there are a number of considerations that shoulldepé in mind. These issues are
considered in more detail in ANCA Research paper #1

3.24. First, it is likely that there is no perfect setspfatial units that can deal with
all of the ways in which data might be integrat€bnsequently, it is likely to be
useful to develop approaches that permit a degrdélexability in the delineation of
spatial units.

3.25. Second, the standard model of BSU, LCEU and EAUbe&s developed to
deal with terrestrial units. Although some work lsasnmenced on the application of
the model to marine areas (South Africa, Mauritisell to river systems (South
Africa), more work is needed to appropriately irpmmate the atmosphere and
airsheds, to deal with linear features such astlooas and hedgerows, and to account
for the zones between different ecosystem typesowk as ecotones — since it is in
these zones that concentrations of ecosystem @nsc@nd processes are at their
highest.

3.26. Third, ideally the delineation of spatial units gl consider issues of
upward and downwards scaling of information patéidy the attribution of
information to the BSU level. Delineating unitsanmanner that requires a heavier
burden of assumptions to permit scaling would jikedduce the general quality of
the accounts.

3.27. Fourth, it is likely to be the case that delineatad spatial units will involve
the use of satellite and remote sensing data. i§has important step forward but is
not without its challenges particularly in the e®titof maintaining a consistent time
series for accounting purposes. Particular car@meisded in the organisation of
satellite based data since higher resolution isyaoessarily the most important factor
for accounting purposes.

3.28. Fifth, particularly for LCEU the choice of classifition and the associated
level of detail is particularly important for thegparation of accounts. As explained
further in Chapter 4, the accounts to be compiledhie first stage of ecosystem
accounting — the ecosystem extent account, eceosystamdition account and the
ecosystem services supply account — are all smegttbased on data at the LCEU
level. Since each LCEU represents an ecosyster assasures of condition should
be able to be developed at the LCEU level whichtum should require an
understanding of the relevant characteristics & gtpply of ecosystem services at
that level. How effectively these considerationsyrba brought into the delineation
process requires ongoing discussion and testing.
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3.29. Another point associated with this last considerais the extent to which
the LCEU are consistent with ecological factorsug;hf the LCEU are to represent
ecosystem assets for accounting purposes, it magdsenable to suppose that they
would also reflect spatial areas that ecologistsuld/icconsider to be appropriate
functional units.

3.5 Conclusions
3.7.1 Recommended activities and approaches
3.30. To be drafted pending further discussion

3.7.2 Issues requiring ongoing research
3.31. To be drafted and prioritised pending further déstoin
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Main ecosystem accounts

I ntroduction

4.1. The compilation of accounts is the most obviouk tes ecosystem accounting.
Consequently, the presentation of the main ecosysiscounts as explained in this
chapter helps to frame much of the discussion coimg data sources and
compilation methods that follows in the remaindeEBA TG. At the same time, the
accounts should not be taken at face value ande thee a number of aspects
concerning the design of the accounts that shoelddmsidered before compilation.
These aspects are outlined in section 4.2.

4.2.The remainder of this chapter describes the setco$ystem accounts as shown in
Table 4.1. As is shown in that table there are saom®unts which are considered to
be quite amenable to compilation based on genesshylable data and methods and
for which the structure of the accounts is well @thed. These are the primary
ecosystem accounts in the top right of Table 4tte dompilation of these ecosystem
accounts is expected to be complemented and seppbst a range of component
accounts that focus on particular ecosystem compen&enerally the development
of these accounts is well advanced.

4.3.In the bottom part of Table 4.1 a number of acceané listed for which further work
on the structure and compilation methods is requifde first two accounts of this
type, the ecosystem capacity account and the assmtunt for ecosystems are
described further in this chapter. The second teemants are described in Chapter 9
when the EEA TG discusses issues of integratingystem accounting data within
the structures of the standard national accounts.

Table4.1: Set of ecosystem accounts

Ecosystem component accounts
and related infor mation

Primary ecosystem accounts

Ecosystem extent account

Land cover account

Ecosystem condition account

Carbon account

Feasibility and

Ecosystem services supply account

Water resources account

structure of account

Ecosystem services use account

Biodiversity account

well advanced

Ecosystem capacity account

Drivers of ecosystem condition &
change

Valuations of ecosystem services

Structure of account

Asset account for ecosystems

Reference conditions

under developmen

Augmented input-output table*

and discussion

Integrated sector accounts & balan

sheets*

* These accounts reflect the integration of ecasysaccounting based information into the standard

set of national accounts

4.4 While each account stands alone, there are alsortari connections between the

accounts. These connections reflect the accoungilationships between stocks and

flows that underpin the application of various aguing identities such as the supply

and use identity. Thus, for example, changes irafiset account for ecosystems must
be consistent with recorded changes in the ecoaysbadition account.

4.5.The ultimate ambition from a SEEA perspective isirttegrated information on
ecosystems into the standard national accountscléar however that this achieving
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this ambition will require a series of steps tocbhenpleted. On the whole, this series
of steps reflects following a path from the ecosgstextent account down the first
column in Table 4.1 towards integrated sector actouln effect, each account
provides a base for compilation of the next accanrthe series. This series of steps
is portrayed more clearly in Figure 4.1 below.

Figure 4.1 Steps in the compilation of ecosysteocoawts (building on Figure 2.2)

PHYSICAL
ACCOUNTS
Ecosystem Ecosystem ES ES Use Ecosystem
> | Extent Condition a/c Generation || a/c capacity
é Account [Open, Close, a/c [ES flows a/c &
2 | [(Opening, Add, Red.: [ES flows by| | by expected
S | Closing: ha) | | Mixed CICES] beneficiary|| ES flows
-y A indicators] A A A A
1 | 1 1 |
Ecosystem component accounts :Land,Carbon, Water, Biodiversity
Supporting information: Drivers, ecological production.fnctions

MONETARY
ACCOUNTS Augmented
- ES supply a/c Ecosystem I-O table
I S asset account
é w— [Opening, Closing ] d
i : Integrate
O ESusaa/c Addmons', Reductions Sattor accomnte
S Degradation]
& Balance sheets

Supporting information: Valuation techniques; SNA accounts & I-O tables

4.6.At this stage of development of ecosystem accogritiseems most likely that efforts
will should be placed on compiling physical accaufih the top half of Figure 4.1)
and potentially on compiling the values of the dugmd use of ecosystem services
in monetary terms. Beyond this, there remains agoimg discussion about the
relevant methods and accounting structures andehiiiese accounts remain clearly
on the development and research agenda.

4.2 Key considerationsin defining ecosystem accounts

4.7.Six key considerations emerge in understandingntitare of the set of ecosystem
accounts as presented in the EEA TG. First, it $gtaof accounts that is presented
each of which contains specific pieces of informmatapplicable to one part of the
ecosystem accounting model outlined in Chapteri2rd is not a single “ecosystem
account” and it would be inconsistent with accoogtiprinciples to force all
information on stocks and flows into a single actowhile retaining notions of
internal consistency and coverage.

4.8.Second, as far as possible the accounts are ddsignéink together such that
information can be readily compared between accouftius while there is more
than one account and each can stand alone in goupterms, there are relationships
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between the information in different accounts tat be drawn out by structuring the
information appropriately.

4.9.Third, a very specific design feature of the ectmysaccounts is that ultimately the
information should be able to be integrated with sitandard national accounts that
record economic activity. This design feature degisimpact on all accounts but is a
particularly relevant consideration for accountsa@ning ecosystem services.

4.10. Fourth, the structures presented should not beidEnesi unchangeable with
regard to the level of detail they contain. For regée, the accounts concerning
ecosystem assets tend to be structured to showldigh LCEU types within an
EAU. In practice it may be relevant to provide firdetail on specific land cover
types (e.g. by type of forest) and to include ia #ttcounts a number of EAU. The
accounting principle of working from the outside{see Chapter 2) implies that
rearrangement of information inside the boundaryasfectly reasonable and the
level of detail should be determined based on requents.

4.11. Fifth, the accounts described in this chapter presgformation regarding
one accounting period. Most commonly the interesidcounting information stems
from its presentation of time series of informatidtresuming that time series of
accounts are compiled, users of accounting infdomaare likely to require a re-
organisation of the information such that time e @f the dimensions recorded. In
practice, this is an issue of data management asskemination rather than a
conceptual matter. Compilers should feel free stroeture accounts in such a way to
best suit the presentation and analysis of data.

4.12. Sixth, the structure of accounts will generally resgent the level of detail
suitable for presentation and analysis. It reprssehe level of detail at which
accounting relationships (e.g. supply and use,nicalg end of period stocks and
changes in stocks) are applied. However, it withegally be relevant for underlying
information to be compiled at different, usuallyvier, levels of aggregation before
entry into the accounts. Put differently, it is macessary for the structure of the
input data to match the structure of the outpua.dat

4.13. In the case of ecosystem accounting, it is likelyp¢ ideal to compile data at
an appropriately detailed level, e.g. by BSU, drehtaggregate to the relevant LCEU
or EAU level for accounting purposes. This does rexjuire that accounts are
developed at the BSU level but rather that the tinggata and the output data
contained in the accounts are managed distincthkiivy this distinction is essential
if changes in input data — which is by far the mostnmon situation — are to be
managed without affecting the integrity of the tiseries of data contained in the
accounts themselves.

4.14. With all this in mind the following accounts should taken as a guide to the
types of information that can be organized follogvem accounting logic. Countries
are encouraged to compile accounts using structin@sare most appropriate to
analyzing the aspects of ecosystems that are magtrial to understanding the
relationship between ecosystems and the econotimgincountry.

4.15. The following accounts should also be considerea ggide in the sense that
further testing and discussion is required beforacae definitive set of ecosystem
accounts can be articulated. This is true from l@oteasurement perspective and
from a user perspective. These accounts reflectrtbst current understanding of
likely data availability and the most useful levet analysis but both of these issues
are matters of ongoing discussion.
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4.3 Ecosystem extent accounts

4.16. The starting point for ecosystem accounting is midetly organizing
information on the extent or area of different gsbsms across a country. This is
important for three reasons. First, the task dldighing the ecosystem of interest for
accounting purposes is by no means straightforaacia balance between scales of
analysis, available data and policy questions widkd to be found. Starting the
discussion of the balance by looking at the mosteptually straightforward issue of
area is very appropriate.

4.17. Second, the organisation of information and datacas required to establish
an ecosystem extent account is likely to be a gady point for establishing the
spatial infrastructure required for ecosystem anting. As described in more detail
in Chapter 3 the delineation of spatial units waétjuire the co-ordination of a range
of information. Ecosystem extent accounts will H&st application of this process.

4.18. Third, the structure of the ecosystem extent adc@sshown below, gives a
clear indication of the nature of accounting foseds in a SEEA context. The
requirement to produce a time series of data tmatheaningful comparison between
the opening and closing of an accounting periodéar but one that is likely to be
challenging in a spatial data context.

4.19. Fourth and finally, while the ecosystem extent act@rovides a clear base
for the development of the other ecosystem accoiingdso provides important
information in its own right. Commonly, higher léwextent accounts will be based
primarily on land cover information. It is geneyaltecognised that monitoring
changes in land cover is an important and effedtigh-level monitoring approach
that should reflect the most significant changes etbsystem condition and
biodiversity (e.g. PBL Globio modelling, Costanzaakchange in ecosystem service
values, others??).

4.20. A structure of a basic ecosystem extent accoushasvn in Table 4.2. The
structure of the columns reflects the basic logiasset accounts as described in the
SEEA Central Framework with an opening extent (}ika hectares), closing extent
and both additions and reductions. The rows reflezichosen classification to reflect
the ecosystem types across a country. The prombaerure here uses LCEU classes
based on the interim LCEU classification in the 8HEEA. Additional classes may
be added depending on the ecosystem types of elesance within the country.

Table 4.2 Ecosystem extent account

Rainfed herbaceous
Urban and associated cropland

Open

Cover Forest tree cover Inland water bodies wetlands Total

Permananet

Use| Infrastructure| Residential crops| Maintenance|Forestry|  Protected| Infrastructure| Aquaculture| Maintenance

Ownership| Government Private Private Private| Private| Government| Government Private| Government|

Units hectares

Opening Stock

Additions to Stock

Managed expansion

Natural expansion

Reductions to stock

Managed regression

Natural regression

Closing stock
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4.4  Ecosystem condition accounts

4.21. The natural extension of the ecosystem extent atcwam an ecosystem

accounting perspective is organizing biophysicdbrimation on the condition of
different ecosystems across a country. The accourftable 4.3 is compiled in
physical terms only using a variety of indicatoos the selected characteristics of
different ecosystem assets.

4.22. Generally, it will be relevant to compile these @auts by type of LCEU

within an EAU (as shown in Table 4.3). This is sxduse each type of LCEU (e.qg.
forests, wetlands, deserts, coral reefs) will hdigéinct characteristics that should be
taken into account in assessing condition. Thig@gh also recognizes that much
information on ecosystem condition is structuredype of ecosystem rather than by
landscape or administrative boundaries. Consequérdinessing available scientific
information and expertise may be more readily agdethrough a focus on LCEU

types.

4.23. Underpinning these accounts will be informatiomdra variety of sources on

different topics that may itself be organized fellog accounting approaches. Most
relevant in this context are accounts for land coweter resources, carbon and
biodiversity. These accounts are referred to inBB& TG as “supporting accounts”.

In this regard it is noted that accounts for thesenponents of the environment
provide information not only for the assessmeneadsystem condition but also for
the measurement of various ecosystem servicesekample, accounts for water
resources provide information for the measuremenwvater related ecosystem

services such as abstraction. Accounts for thggeg@re discussed in Chapter 6 with
much relevant material provided in the SEEA Cenfi@mework, the SEEA EEA,

the SEEA Water, and the CBD ENCA QSP.

Table 4.3 Ecosystem condition account (similarES EEA Table 4.3: see also SEEA EEA
Table 4.4 with changes in condition account)

Ecosystem type

Ecosystem condition

Ecosystem extent
Area| Vegetation| Biodiversity Soil Water Carbon Index
hectares

Urban and
associated

Rainfed
herbaceous
cropland

cover

Forest tree

Inland water
bodies

Open wetlands

NB: There are a few issues linked here that nesdudsion as I'm not quite sure where to
take this at the moment:

There is a question as to whether to implemenassid asset account structure — i.e.
opening and closing stocks, additions and redustion

Michael B notes that it may be sufficient at thiage to look at only changes in
characteristics — i.e. condition indicators. Thmud (I think) avoid the need to focus
on reference conditions but limit the potentialttoé accounts in terms of providing
aggregate comparisons across ecosystem — i.e.\feerdel be no sense of relative
significance of change in different ecosystemsfdhe actual level of condition
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* I'm not sure what advice we are thinking of givioguntries on condition accounts.
Part of it seems to be that the condition accopmside a place whereby a lot of
useful information can be brought together whic®k but perhaps some more focus
is needed.

» Do we have a good example of a condition accoiattvile can refer to?

» Some discussion on the choice of characteristafsviiould be relevant in monitoring
condition is appropriate but | think this would fleced in Chapter 7.

45 Ecosystem services supply account

4.24, The supply of ecosystem services by ecosystemsassperhaps one of the
most important aspects of ecosystem accounting s$his is the flow that reflects the
link between ecosystems and economic and humavitaciihis account records the
actual flows of ecosystem services supplied byystem assets during an accounting
period within an EAU by type of ecosystem servicel &y type of LCEU. The
account may be compiled in either physical or mamneterms.

4.25. The challenge in compiling this account may bahattng the generation of
ecosystem services to a specific LCEU. This is kehli to be an issue for
provisioning or cultural services but it may becohcern for regulating services in
cases where the service is effectively providedubh a combination of ecosystem

types.

4.26. Given this, it is recommended that, as a first stegccounting for ecosystem
services, compilers create a table showing whidsystem services are likely to be
generated from each LCEU type for their countryanget EAU area. In undertaking
this task, it is relevant to use a classificatibre@system services such as CICES as
a type of checklist. It is to be expected thatdome services, particularly regulating
services, the same service is generated by maoneotia LCEU type.

4.27. It may be relevant to use this initial table asigcussion document to get
input from various experts. At the same time iiniportant the development of such
a table be informed by people experienced in censid the link between
ecosystems and economic and human activity such dbamonly overlooked
services are not ignored.

4.28. This table would also serve as a basis for scoging prioritising the
required work, and comparing compilation exerciaesss countries (for example
comparing lists of ecosystem services attributetbtests). Completing such a table
is also a good expression of the accounting approaevorking from the outside-in,
in contrast to the measurement of selected ecanystevices for specific ecosystem

types.

4.29. The proposed ecosystem services supply accountlg(Tald) has rows
reflecting the various ecosystem types and colurafiscting the range of different
ecosystem services, in this case classified fohgWCICES. Note that in this table
there is no direct recording of the beneficiariesusers of ecosystem services, this
takes place in the ecosystem services use accAurthe same time, it may be
relevant to compile information on the combinatarecosystem, ecosystem service
and beneficiary at the same time.

4.30. The choice of indicators for measuring the flows different ecosystem
services is discussed in Chapter 5 and relevard datirces and examples are
provided in that chapter. Recommendations for aiesitand avenues requiring
further testing and research are also discuss€thapter 5.
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Table 4.4 Ecosystem services supply account (LCEGIRES)

Land cover type

Other| Provincial

Ecosystem service Units Urban| Pasture| Cropland| Forest| Heath| Peat| Water| nature total
Hunting kg meat - 9,100 | 14,732 | 8100| 678| 70 1,513 34,193
Drinking water 10° mwat
extraction mwater | go71| 7,00 | 11,207| 3117| 214 - 478 | 862| 26,995
Provisioning - o
Crop production 10° kg produce - - 1,868 - - - - - 1,868
6
Fodder production 10" kg dry
matter 533 251 784
Ai lit
|rqua'| y 10° kg PMy
) regulation 272 404 717 700 45| 7 40 69 2,254
Regulation
Carbon 105K b
sequestration g caroon 875 | 8,019 273 | 50,664 | 393 | 149| - | 1,056| 61,429
Cultural Recreational cycling [10® trips 2,690 | 1,863 2,611 | 1,565 30] 3| 139| 220 9,121
4.31. The ecosystem services supply account shown ineTéH#l is intended to be

compiled in physical terms. Thus for each ecosystemice there will be a different
indicator of the flow. One consequence is thateghean be no aggregation of
ecosystem service flows either across differensestem types or across different
ecosystem service types. Further, no relative itapoe of individual ecosystem
services can be immediately determined.

4.32. For accounting purposes, the primary approach ¢peggtion and assessing

relative importance is the use of monetary valumtithe ecosystem services supply
account can be compiled in monetary terms by apglyppropriate prices to the

physical flows of each ecosystem service. The etemy services supply account
shown in Table 4.4 is then extended with additionals and columns to record the
total flows of ecosystem services. The estimatibprizes for ecosystem services is
discussed in Chapter 8.

4.6 Ecosystem services use account
4.33. This account builds on the ecosystem services guaptount. However,

unlike the supply account, the focus is not onwiskin defined spatial areas. Rather,
the primary focus is on understanding the link lestwv type of ecosystem services
and types of beneficiaries. These beneficiariekidlec economic units classified by
industry, government sector and household sectats,ufollowing the common
conventions of organising the national accounts.

4.34. This focus arises because, while the supply of ystes services can be

directly linked to a spatial area (e.g. to an LCEthgre is no requirement that the
location of the beneficiary and the location of #nea in which the ecosystem service
is supplied are the same — this is especially &#se dor regulating services but also
for some cultural services.

4.35. Given the lack of a definitive spatial link, thestg of the ecosystem

services use account must be guided by possibtearskanalysis of data. The choice
made here is to structure the ecosystem servieeaacount for an EAU (possibly at

national level) showing the total supply of eaclosystem service (in the first

column) and the allocation of this supply to theimas economic and other units.
This allocation provides the first sense of a dirlick to the national accounts

datasets. The ecosystem services use accountws shdable 4.5.
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Table 4.5 Ecosystem services use account

Service Type|Ecosystem Type Enterprises Households| Government| Rest of the world

Use

Pravisioning

Urban and associated

Forest tree cover

Agricultural land

Open wetlands

Regulating

Urban and associated

Forest tree cover

Agricultural land
Open wetlamds

Cultural

Urban and associated
Forest tree cover
Agricultural land

Open wetlands

4.36. While a precise link between beneficiaries andgpatial areas from which

ecosystem services are supplied may be difficuttetiine, it is likely to be useful to
consider, for different ecosystem services, whetherbeneficiaries are, in general
terms, local, national or globally connected. Famaraple, in the case of most
provisioning services the direct beneficiaries vii# located within the supplying
spatial area (e.g. farmers, foresters, fishermatemsupply companies). This will
also be true of many cultural services where thisr@a recreational or touristic
component. However for many regulating servicesbgrgeficiaries will be located in
neighbouring ecosystems (for example air filtration will be global beneficiaries
(for example with respect to carbon sequestration).

4.37. As for the ecosystem services supply account,atteunt may be compiled

in both physical and monetary terms. In physicamte entries will be limited to
measures of indicators for each ecosystem seraiiegithat since supply must equal
use, the unit of measure applied for each ecosysezmice must be the same in both
the supply and use table in order for a balandestobtained.

4.38. In monetary terms entries for the total use of gst@sn services will also be

able to be derived both for individual ecosystenvise types and for total use by
each beneficiary. The estimation of prices for gstem services is discussed in
Chapter 8.

4.39. The presentation of accounts outlined here may esigipat the supply of

ecosystem services would necessarily be compilddréoeneasuring the use of
ecosystem services. In practice the reverse mdlgebease or at least compilation of
the accounts should take place in an iterativeidash-or example, measures of
provisioning services are likely to be determinedhie first instance by the extraction
of materials or energy from the environment by @coit units, i.e. a use perspective.
It is then this perspective then drives the esionabf supply. Since for all final
ecosystem services there must be some link to emicnonits and other human
activity, there is a strong case for compiling btite supply and use of ecosystem
services in tandem.
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4.7  Additional accountsfor ecosystems

4.7.1 Introduction

4.40. Most measurement effort in the scope of ecosystaroumting has focused
on the four accounts just described concerning ystes extent, ecosystem
condition, ecosystem services supply and ecosysggmices use. Generally not all of
these accounts have been compiled within a singdgeg but there is a steadily
increasing body of practical knowledge on approadbemeasurement, including on
the valuation of ecosystem services.

4.41. Nonetheless from a complete ecosystem accountirgpgetive these four
accounts do not cover the full range of informattbat would lead to ecosystem
accounting data being fully integrated with thendtrd national accounts. This
section describes the four accounts that are nelexathis context — the ecosystem
capacity account, the asset account for ecosystémsugmented input-output table
and the integrated sector accounts and balancésshee

4.42. These accounts are currently considered to be errgbearch agenda for
ecosystem accounting although many ideas for nglath these accounts are quite
well developed or at least well understood if resalved. Three of the accounts, all
except the capacity account, can be compiled animénetary terms and hence, in
addition to resolving any conceptual issues, theirelopment and testing relies both
on advancing the techniques for valuation of edesysservices and also on
decisions about whether monetary valuation shoeldrigertaken.

4.7.2 Ecosystem capacity account

4.43. The accounts to this point have contained inforomaton the state and
changes in state of ecosystem assets and on thie @b ecosystem services from
those assets to beneficiaries including into thenemy. These two broad sets of
information are important and useful and cover kiey parts of the ecosystem
accounting model. What is missing however are amsouhat highlight the
relationship between the assets and the servigkthahstart to aid discussion of the
complexities around the issues of trade-offs argasnability that lie at the heart of
ecosystem accounting.

4.44. In this context, research and discussion on ecesysiccounting is working
towards defining the concept of ecosystem capauity the design of an ecosystem
capacity account. In principle, this account worddord information on the capacity
of different ecosystem assets to supply ecosysemices into the future and record
the nature of any changes (increases or decraashsy capacity.

4.45. The idea of ecosystem capacity is mentioned in SEEA (Chapter 4) but a
definition appropriate for measurement and accagnpurposes was not developed.
Thus, ecosystem capacity accounts are also noergegb in the SEEA EEA. A
summary of current thinking on ecosystem capadtpresented in Chapter 7 and
work on developing accounting structures will eneefigm this ongoing work.

4.46. Given this situation, it is not expected that coist compile ecosystem
capacity accounts. However, it should be recogntbedl a general requirement to
consider questions of capacity will emerge whererpreting and applying the
ecosystem accounting information contained in thigal four tables. In effect, a
focus on measuring ecosystem capacity becomesusahaixtension of the initial
accounting work.
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4.7.3 Asset account for ecosystems

4.47. The SEEA Central Framework uses the asset accduuttise to record
information on stocks and changes in stocks (amttand reductions) of individual
environmental assets such as mineral and energunees, timber resources, water
resources, etc. This standardised approach todiagpinformation about specific
asset types is particularly useful way of structgrirelevant information about
changes in the asset base.

4.48. When focusing on individual environmental assets ipossible to develop
asset accounts in both physical and monetary temmee the units of measurement in
physical terms can be consistently used in a siagt®unt. For example, all timber
resources can be measured in cubic metres.

4.49. For ecosystem assets, their measurement in physicak is a much more
complex process requiring the integration of date aorange of characteristics.
Aggregation to form single measures of the opertugk of the condition of an
ecosystem is not straightforward in physical telamsl hence an asset account for
ecosystems in physical terms is not developeddrStBEA EEA.

4.50. Aggregation through monetary valuation of ecosystenvices does however
provide a way of developing an asset account fosystems. Applying the standard
national accounting technique of net present vatlue,opening and closing stock
value of an ecosystem asset can be estimated kgafsting the future flows of
ecosystem services and discounting these flowsdeige a current, point in time,
estimate of their value. Additions and reductionghe stock can be measured by
recording the value of the relevant flows — e.gluions in stock due to extraction
would be equal to the value of relevant provisigrservices.

4.51. The relevant accounting structure is shown in Tabl This structure
reflects the proposal from SEEA EEA Table 6.1. Emries in the columns are
relatively standard asset account entries simathbse from the SEEA Central
Framework. In the columns different presentatiaespmssible given that the data are
in monetary terms. That is, the asset account rekyerto an individual ecosystem
asset (e.g. a specific wetland), to a type of extesy (e.g. all forests), or to an
administrative region or country.
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Table 4.6 Stylised ecosystem asset account effiroes SEEA EEA Table 6.1)

Ecosystem accounting unit or
LCEU

Opening stock

Additionsto stock
Regeneration - natural (net of normal naturssés)
Regeneration — through human activity
Reclassifications

Total additions to stock

Reductionsin stock
Reductions due to extraction and harvest ofuress
Reductions due to ongoing human activity
Catastrophic losses due to human activity
Catastrophic losses due to natural events
Reclassifications

Total reductionsin stock

Revaluations

Closing stock of ecosystem assets

4.52. Entries in the asset account for ecosystems gonokybe measurement
requirements of the ecosystem services supply atcou monetary terms by
incorporating the use of net present value tectesgiThat is, the focus is on the
measurement of the value of ecosystem assetstagtfsom ecosystem services. In
measurement terms this represents a consideralyiease in uncertainty given the
general challenges of net present value basedat&im

4.53. Using the data recorded within an asset accouist fossible to derive an
estimate of ecosystem degradation in monetary temmgeneral terms, ecosystem
degradation will reflect the decline in the valuk an ecosystem asset over an
accounting period (i.e. between opening and clopiogjtions) where the decline is
considered to be due to human activity. Howeverth&r consideration of exactly
how ecosystem degradation should be measured igiredqbuilding on the
discussion of this issue in SEEA EEA Chapter 4.

4.7.4 Integrating ecosystem accounts with standard national accounts

4.54, The structures of the previous accounts do notiregany significant
consideration of the links to the standard econammounts of the SNA. In essence
they are accounts that concern ecosystems inrtarfstance and consequently their
structures reflect information relevant to both piding and interpreting information
about ecosystems. Certainly, the accounts usepp®&iate national accounting
classifications (e.g. of beneficiaries) and follstandard accounting structures, but
there is no integration with the national accolnggond this.

4.55, There are two types of accounts that focus on ritegration of ecosystem
accounting data as developed in the accounts abatve the standard national
accounts. The first is aaugmented input-output table. The logic for this table is
recognising that as part of developing the ecosystecounting model the production
boundary for the national accounts has been extetmeéncorporate the flows of
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ecosystem services. Consequently, the standard-anpput table can be augmented
by including these additional “products” alongsithe standard set of good and
services. Further, this requires that ecosystemsrdmognised as additional
“industries” in the input-output framework. Due ttee objective of integration, the
augmented input-output table would be compiled onatary terms using as inputs
valuations of flows of ecosystem services.

4.56. While the concept of an augmented input-outputeté&bl natural application
of the extended production boundary, this typeatifid was not developed in the
SEEA EEA and further work is required to advansediésign and potential role. A
longer description of the proposed table, includiitg distinction from
environmentally extended input-output tables (EEJIQs presented in Chapter 9.

4.57. The second type of accounts is integrated institali sector accounts and
balance sheets. These accounts, commonly refesredrational accounting as the
sequence of accounts, record information on theemggion and distribution of
income, saving and investment by institutional @ect(e.g. household saving),
transactions in financial assets and liabilities] astimates of net wealth by sector.

4.58. Developing these accounts is important as theyrdetloe attribution of
ecosystem degradation to economic units and thensixin to the asset boundary in
the measurement of net wealth. However, while tirp@se of these accounts is clear
there remain long standing issues, primarily alihetallocation of degradation to
economic units, that have meant a resolution tadéeégn of these accounts has not
been found. The SEEA EEA Chapter 6 discusses ttssses and some further
aspects are presented here in Chapter 9.

4.8 [Ecosystem component accounts

4.59. Table 4.1 highlighted that, in addition to the paiyn ecosystem accounts that
have been described in this chapter, there areaateonber of ecosystem component
accounts that may be compiled as part of an eaasyatcounting program of work.
For component accounts are noted in Table 4.1 d over accounts, carbon
accounts, water accounts and biodiversity accounts.

4.60. These component accounts are aimed at supportiagcdmpilation of
ecosystem accounts by organising underlying infdionan a manner consistent with
the accounting framework. In addition the comporemtdounts can stand alone and
may provide very useful information in their owrght. For example, the carbon
stock account may be used directly to support esiim and analysis of GHG
emissions.

4.61. A discussion of component accounts is provided lvager 6 building on
descriptions of the four accounts in the SEEA CGdriframework and in the SEEA
EEA.
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5.  Accounting for flows of ecosystem services

5.1 Introduction

5.1.Ecosystem services are the glue that enables tineection to be forged between
ecosystem assets on the one hand and measuremenbradmic production and
consumption on the other. Their measurement is tmmral to the ambition to
integrate environmental information fully into tegisting national accounts.

5.2.Recognition of the potential role of the ecosyss®srvices concept in an accounting
context however has come well after the developraedttesting of the concept in
other disciplines. The reality that confronts theosystem accountant is one of
multiple definitions, alternative boundaries andssifications and a wide array of
measurement methods. The SEEA EEA attempted ta ehaourse through the
various discussions on ecosystem services and qoesty made a range of choices
about the definition and measurement of ecosystemicgs for the purpose of
integrating measures of ecosystem services witl@mational accounts framework.

5.3.This chapter summarises the main points from theASEEA concerning ecosystem
services, discusses possible refinements, desdtibemain measurement issues and
outlines some of the remaining challenges. Furttetail on the measurement and
classification of ecosystem services is presemtdrhit 1| Chapter 10.

5.2 Thedéfinition of ecosystem services

5.4.Because of the ambition to integrate measures ofystem services with the
standard national accounts, the measurement saoghedefinition of ecosystem
services in the SEEA EEA must be defined in theexirof the boundary used in the
SNA to set the measurement scope for the produdfogoods and services, the
production boundary. This boundary in turn setsdbepe for the measurement of
GDP and related measures of production, incomecansumption.

5.5.An important part of the rationale for measuringo®stem services is the
understanding that much economic production (fangde in agriculture, forestry
and fisheries) utilizes inputs from ecosystemsthese inputs are not recorded in the
standard accounting framework. In these situatitims,logic of the SEEA EEA is
that ecosystem services should be differentiatech the goods and services that are
produced and rather the ecosystem services reprébencontribution of the
ecosystem to the production of those goods andcsstvin effect this sets up an
extended input-output or supply chain that includessystems as a supplier whose
contribution was previously not explicitly recogeds

5.6.A second important part of the rationale for me@guecosystem services is the
understanding that there are many benefits thaban@ units and society more
generally receive from the functioning of ecosysteamd that a full and proper
accounting would incorporate this production ofvems by ecosystems, and the
consumption of them in economic and human activity.

5.7.With these two rationales in mind, the SEEA measard of ecosystem services
recognizes all of the additional production by gstems. If accounting had been
starting from a zero base of information on ecasysservices then it seems possible
that measurement would be simply limited to thispgc However, as noted, the
measurement of ecosystem services has a longewxided history and consequently
the following factors need to be taken into account
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5.8.Distinguishing ecosystem services and benefits: SEEA EEA accounting model
makes a clear distinction between ecosystem sarand the benefits to which they
contribute (see discussion in section 2.5). Théndi$on is important such that (i)
ecosystem services can be integrated with the atdrgystem of national accounts;
(i) that clear objects for measurement and vatuattan be described; and (iii) to
ensure that the contribution of ecosystems candaglg described and changes in the
contribution can be understood.

5.9.Distinguishing final and intermediate ecosystenvises: The distinction between
final and intermediate services reflects the pples of national accounting wherein
aggregate production is measured by netting owmtsflalong the supply chain such
that double counting is removed. In the contexe@dsystem accounting this means
that cases where ecosystems provide services édghbouring ecosystem (e.g. via
pollination, water filtration or soil retention)ebe should be considered intermediate
and considered inputs to the generation of othevsystem services. While
straightforward in theory the complexity in the &tioning of ecosystems means that
in practice it can be difficult to make this distiion.

5.10. Further, while at an aggregate level a focus ol finkl ecosystem services
is appropriate, this may not be the case when deriag the contribution of
individual ecosystems whose primary function midiet to support neighbouring
ecosystems.

5.11. Since the drafting of SEEA EEA, further consideratihighlights another
important issue in the treatment of intermediatgises. In the SEEA EEA, the flows
between ecosystem assets, if recorded, were coeditt@er-ecosystem flows and in
turn these flows were equated with intermediateises. However, recording only
the physical flows does not serve to highlight dependencies between ecosystems
and indeed there are many ecosystem services ipathahd intermediate for which
there is no direct physical flow. For example, fiftering of air by trees happens in
situ. It is important then to separate the issuaadfounting for physical flows of
materials and energy between ecosystems and acwpdat flows of intermediate
ecosystem services.

5.12. With a focus on intermediate services, the challefrgm an accounting
perspective is not that flows of services betwemsgstem assets cannot be recorded
in the system, but rather that defining the measerg boundary is quite unclear.
That is, there is a general sense that it is nasallle to attempt to measure all flows
and dependencies between ecosystems and, indegentcacological knowledge
would seem to suggest this was not practical ineasgnt. Consequently, it is an open
guestion as to which intermediate ecosystem sensb®uld be considered within
scope of ecosystem accounting.

5.13. In this situation the following observations arkevant

¢ One of the most important and common inter-ecosydtews is water
and hence it is likely that some of the most imaettintermediate
ecosystem services are related to flows of water.

« A second area of likely importance is the provisidrnabitat services by
certain ecosystem types where the role of thesacseris embodied in
the mature animal that is an input to final ecomystervices, commonly
in a separate ecosystem.

« One means by which the scope of intermediate ssvitay be contained
is to ensure recording only of those intermedig®eises from another
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ecosystem asset that are considered a direct topatfinal ecosystem
service.

* It also seems appropriate - for accounting purpdasegnore the flows
within the bounds of an ecosystem asset since thesdces will be
embodied within the final ecosystem services geadrby the asset.

* Based on these last two observations the recordingntermediate
services will be directly affected by the scale afalysis since with
smaller ecosystem assets there will be an incredikethood of
intermediate services being recorded.

* While restricting the scope of intermediate servioey seem limiting, it
is appropriate to regard any measures of ecosystewces as reflecting
a lower bound of the quantity of services that rbayflowing between
ecosystem assets.

» The recording of intermediate services would seeostruseful for the
purposes of management information. In aggregateateoonal level, it is
likely that most intermediate services will offseach other since
ultimately their value is embodied in final ecogystservices. However,
recognizing the relative value of different ecosys$ within a country is
likely to be very relevant for management purposes.

* Increasing the measurement scope to include -ceilitsiermediate
services causes no specific issues in terms ofuatiog structure. The
changes needed would be to recognize additionaicsetypes and also
to recognize flows between ecosystem assets ini@uldd those flows of
final ecosystem services from ecosystems to ecancenid human
activity.

5.14. The treatment of other environmental services: 8&ed in the SEEA EEA

Table 2.3, not all flows from the bio-physical emviment to the economy and
society can be considered ecosystem services. Bhemerange of so-called “abiotic”
services reflecting the flows we receive in therfaf mineral and energy resources,
flows of renewable energy such as solar, wind, wave geo-thermal energy, solar
energy for photosynthesis, oxygen for combustidn,fer respiration and more
generally, the space for people to live, work alay p

5.15. Since the focus of the SEEA EEA is on ecosystentelating for these

various flows is not considered in the ecosystego@agting model. Many of these

flows are considered in specific accounts descrihdgtie SEEA Central Framework

(e.g. mineral and energy accounts, energy suppty @se tables and land use
accounts). At the same time, the spatially explgproach outlined in the SEEA

EEA may mean that it is highly relevant to consitheorporating measures of abiotic
services to consider the full range of issues withidefined area. The extension of
the accounting tables to consider this aspect balseen developed at this stage.

5.16. Determining the link between biodiversity and eaisgn services: This is a

complex issue. On the whole, the perspective td&eecosystem accounting in the
SEEA EEA is that biodiversity is more fundamentallgharacteristics of ecosystems
— that is, changes in biodiversity are more disectflected in changes in the

condition of ecosystems. The exact nature of thetiomship between biodiversity

and ecosystem condition is a matter of considerabteertainty but in principle the

discussion of that issue lies in that part of tbesgstem accounting model.

5.17. At the same time it is recognised that there amesaspects of biodiversity,

especially species diversity, that supply finalssgbem services. This includes, for
example, the cultural service of iconic specietherrecreational services from a zoo.
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There are most likely other examples in this afHze issue from an ecosystem
accounting perspective is to aim to discuss biaditsein a manner that does not aim
to place all information on biodiversity in one géabut to recognise that measures
related to biodiversity may be appropriate in digfg contexts.

5.18. The treatment of ecosystem disservices: Ecosystesergices pertain to
cases where the interaction between the ecosystenhamans is considered to be
bad. Usually this refers to things such as pests diseases that emerge from
ecosystems to negatively affect economic productinod human life. The SEEA
EEA recognises the frequent discussion on the meamnt of ecosystem disservices
but does not propose a treatment in accountingsterm

5.19. This is because, unfortunately, accounting primsplo not work well when
trying to make a distinction between products tirety be considered as either
“goods” and “bads”. Accounting makes no assumptiamdo the welfare effects of
use and focuses instead on the activity associgitbtdhe generation of products and
the associated patterns of use by economic ackgsa consequence all flows
between producers and consumers have positivesvalitbe accounts irrespective of
their possible welfare effects. The positive valagse since it is difficult to envisage
either component of value, prices or quantitiegydpaegative.

5.20. A related matter is the treatment in ecosystem watooy of negative
externalities, such as carbon emissions, whereoga@nand human activity leads to
changes in the condition of ecosystems. Any aswatignvironmental flows,
pollutants, emissions, etc are not considered stesydisservices and their negative
impacts on welfare are not captured directly inagbeounting system.

5.21. For both disservices and negative externalitiekvisongoing to outline the
appropriate treatment in the context of the ecesystccounting model.

5.3 Thecdassification of ecosystem services

5.22. The classification of ecosystem services is an mapbd aspect of
measurement since classifications can provide itapbguidance to ensure that the
appropriate breadth of measurement is undertakeat deast, that partial measures
are understood within a broader context.

5.23. The classification included in the SEEA EEA is themmon International
Classification of Ecosystem Services version 3 E3Cv3). It was considered an
interim version and subsequent releases have bada wmith the latest being CICES
version 4.3.

5.24. While this classification has been adopted for wamkhe EU MAES project
it must be recognised that alternative approacbebe classification of ecosystem
services are under development and over time It beilnecessary to consider the
different merits and roles that might be played the different classifications.
Perhaps the most important alternative approatiteisvork by the US EPA on FEGS
which places it attention on the links between gst@sn types and the classification
of beneficiaries from the final services suppligdiose ecosystem types.

5.25. One of the most important roles of a classificatidrecosystem services is
that it can be used to frame a discussion on thasarement and significance of
ecosystem services. In effect, a classification oprrate as a checklist and be
applied in initial discussions by considering ed€@EU type in turn and noting those
ecosystem services that are considered most ltkelye generated from that LCEU.
The resultant “baskets” of services for each LCEpktcan aid in discussion of the
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role of accounting, the structuring of informatiothe assessment of resources
required for compilation and generally communicgtine message about the breadth
of the relationship between ecosystems and ecorantidiuman activity.

5.26. A clear finding of work on ecosystem services it tthe choice of words to
describe an ecosystem service can have significgect on how it is visualized and
understood by those involved. In particular for uleging services the choice of
words to distinguish the benefit that people reedi.g. reduced risk of landslide)
from the corresponding ecosystem service (e.gretdhtion) can be very material in
the selection of indicators. Much further discussagross the full suite of ecosystem
services and the related benefits is required surenthat the measures and the
concepts are appropriately aligned.

5.27. There is commonly misunderstanding of the role lissifications with
regard to the distinction between final and intediate ecosystem services.
Unfortunately, from the perspective of the classifion of ecosystem services, it is
not the case that ecosystem services can be neatlgified between those that
contribute directly to economic and social benefigis and those that are directly
beneficial to ecosystems. For example, when a mldeabstracts water from a lake
and a wild deer drinks from the same lake, theyestem flow of the provisioning of
water is the same.

5.28. However, a similar situation arises in economitistias. The classification
of products (e.g. following the international stardl Central Production
Classification) includes, appropriately, a largemier of products that may be
considered intermediate or final depending on tkaeficiary. For example, the
purchase of bread is considered final if purchdsed household but intermediate if
purchased by a restaurant. However, the CPC apatelyr only contains one
product, bread, rather than two (or more) products.

5.29. Given this situation, the CICES and other clasaifans of ecosystem
services, must be used in conjunction with an wtdading of the beneficiaries that
are within scope of the measurement concept. Withdaarly defining the
beneficiaries there is likely to be an overestioratdf the quantity of ecosystem
services by adding together the intra- and intesgstem flows that reflect the
operation of an ecosystem, and the “final” ecosysteervices that are direct
contributions to economic and social beneficiaries.

5.30. These considerations on the role of classificati@re important in
developing agreed accounting structures both ircéise of ecosystem services alone
and in the context of integrating measures of estesy services within standard
accounting structures such as input-output andlg@oa use tables.

54 Theroleand use of biophysical modelling

5.4.1 Introduction

5.31. Biophysical modelling, in the context of this guida document, is defined
as the modelling of biological and/or physical meses in order to understand the
biophysical elements to be recorded in an ecosyatammunt. These elements are part
of either ecosystem asset (including ecosystem itondand the ecosystem’s
capacity to generate services) or ecosystem serfime. In this chapter the focus is
on ecosystem services flow and modelling as appkcdéo ecosystem assets is
discussed in Chapter 7.
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5.32. The intention here is to provide some general quidaon the type of
biophysical modelling approaches that can be useshalyse ecosystem service flow
as distinct from models that can be used to anadysmsystem processes for the
purpose of understanding ecosystem processesn(grgent cycling, energy flows).
In the scientific literature, a wide range of difat modelling approaches have been
described in the fields of ecology, geography, dndrology, many of them
potentially relevant to ecosystem accounting dependipon the environmental
characteristics and the uses of the ecosystemsadhke of the analysis, and the
available data. It is impossible to describe adisthdifferent modelling approaches in
one document, and thus this guidance provides arview of the different
approaches, and their main uses for the biophysiocdklling of ecosystem services.

5.33. An important aspect of applying biophysical modelgcosystem accounting
is recognising the nature of the connections betves®system service flows and the
condition of the relevant ecosystem asset. Thisiection is reflected in the concept
of ecosystem capacity. Although the definition ab®ystem capacity remains a
matter of ongoing discussion (see section 7.4% #ccepted broadly that modelling
ecosystem service flows must take into considewatiee current and expected
condition of the ecosystem and its various funatiand processes.

5.34. ANCA Research Paper #3 “Guidance for the BiophysMadelling and
Analysis of Ecosystem Services in an Ecosystem éatiog Context” provides more
detail and relevant references on this topic.

5.4.2 Overview of biophysical modelling approaches

5.35. The two most relevant forms of modelling are spatied temporal modelling
techniques. Spatial modelling is required to predweall-to-wall maps of ecosystem
services for a complete EAU, including to natioleadel. Thus where data is lacking
in relation to some spatial areas, spatial modgltian fill the gaps. Spatial modelling
is most commonly undertaken using GIS packages agcArc GIS and Quantum
GIS. There are also several ecosystem servicesfisppwmdelling tools such as
ARIES, MIMES and InVEST. Further discussion on thesodels is presented in
ANCA Research Paper #3.

5.36. Within the general GIS packages, spatial modelidngs including the use of
look-up tables, and the application of statisticildsed approaches such as Maxent
(Philips, et al 2006). There are a range of geistitd! interpolation techniques such
as kriging rely on statistical algorithms to predite value of un-sampled pixels on
the basis of nearby pixels in combination with ottlearacteristics of the pixel. The
basic interpolation methods use simple interpafasitgorithms, for instance nearest-
neighbor interpolation, but there are more soptastid geostatistic tools that also
considers sets of correlated variables. For instatienber productivity may be
related to productivity in nearby pixels, but imare comprehensive approach it may
also be related to factors such as soil fertilitywater availability for which spatial
maps are available. Ciritical in applying geostatisis that a sufficiently large
sample size is available, and that samples areegeptative of the overall spatial
variability found.

5.37. In ecosystem accounting, temporal modelling is ireguto forecast the
capacity of an ecosystem to generate ecosystencegrnvihe modelling approach
most consistent with coming to an understandinfjosis of ecosystem services is a
dynamic systems approach, which can also be appliedmbination with a spatial
model. This approach is based upon modelling afsstate (level) and flow (rate)
variables in order to capture the state of the yestem, including relevant inputs,
throughputs and outputs, over time. Dynamic systerodels use a set of equations
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linking ecosystem state, management and flows ofices. For instance, a model
may include the amount of standing biomass (st#te)harvest of wood (flow), and
the price of wood (time dependent variable).

5.38. The systems approach can contain non-linear dynanoicesses, feedback
mechanisms and control strategies, and can thereleal with complex ecosystem
dynamics. However, it is often a challenge to ustderd these complex dynamics,
and their spatial variability, and data shortagesy he a concern in the context of
ecosystem accounting that requires large scaleysinabdf ecosystem dynamics and
forecasted flows of ecosystem services.

5.39. In some cases, spatial and temporal modelling @&gpes need to be
combined. For instance, process based models arerally required to model
regulating services such as erosion control, oumgoand surface water flows.
Erosion, and erosion control is often modelled wite USLE (Universal Soil Loss
Equation) approach (even though its reliability side of the USA (where it was
developed) has proven to be variable). Other exasnpf process based models are
the hydrological models such as SWAT and (CSIR@N#&¢. These models are both
temporally and spatially explicit, using a dynansgstems modelling approach
integrated in a GIS environment.

5.5 Data sources, materials and methods for measuring ecosystem service flows

5.5.1 Introduction

5.40. SEEA EEA Annex A3.1 provides some stylised figu@selp articulate the
measurement required to estimate flows of ecosyswmwices. The models included
in that annex only relate to selected serviceshmibasic logic of the models can be
applied more generally. Of particular importance rézognising the distinction
between the ecosystem service and the associateditbend the choice of words to
reflect this distinction.

5.41. It will generally be helpful for measurement purgedo distinguish clearly
between provisioning, regulating and cultural sesi For this task the use of a
clearly defined classification of ecosystem semsjcich as CICES, can serve as a
useful checklist. Further, it is likely to be udefio consider measurement of
ecosystem services in relation to broad ecosystpestsuch as forests, wetlands, and
agricultural areas.

5.42. A useful structuring of indicators is presented Ghapter 5 of the EC
Mapping and Assessment of Ecosystems and their Services, Final report (February
2014). In this chapter indicators for different sgstem services are mapped out
within four broad ecosystem types — forest, cropland grassland, freshwater and
marine. A review of this material highlights th&dly broad range of data sources
that will need to be considered in generating bdoverage of ecosystem services for
ecosystem accounting purposes.

5.43. In a different setting, the World Bank working papBPesigning Pilots for
Ecosystem Accounting” Chapter 3 provides some sitgde approaches and
indicators for provisioning and regulating servieesing a case study in San Martin,
Peru.

5.44. Other relevant materials on the measurement ofyst&ra services include:

0 books and text books
0 journal articles,
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0 ecosystem services databases (e.g. PAGE, ESVD,)EVRI

0 national and other projects (e.g. UK NEA, MEGS, EIAES,
Limburg province)

0 other datasets

NB: This section of text needs expansion to progiolme guidance to compilers.

5.45. While there is an increasing amount of informatiand examples of
measurement of ecosystem service flows, a challenlijeely to lie in adapting and
scaling the available information for ecosystemoacting purposes. The issue of
scaling is considered further in Chapter 7 andadsdiscussed further below (section
5.6). From a practical perspective it is sufficiémtnote here that, when accounting
for multiple ecosystem services, the aim must bentasure the generation of
ecosystem services at a broad landscape scaldyidpao national level) and also
over a series of accounting periods. As appropriatdustments to ensure that
measures of different ecosystem services aligrhéoseme spatial areas and same
time periods should be made.

5.5.2 Measuring the supply of ecosystem services

5.46. Commonly in the discussion of ecosystem accountnfpcus is placed on
the measurement of regulating services. This ifosdwo reasons. First, regulating
services are, by and large, the most significaMirenmental flows that are not
captured in standard economic accounting. Secomdyigipning services are
considered quite straightforward to measure antui@ll services often considered
too difficult to measure. While these characteiiset are not inappropriate, it is
relevant to ensure that measurement does not evreitly regulating services.

5.47. The measurement of provisioning services can gdyelse linked to
measures commonly available in statistical systefws production of crops,
livestock, other agricultural products, forestrypgucts and fisheries products are all
of direct relevance in the estimation of provisianservices. In some cases, data may
be available at a fine level of spatial detall, éa@ample from an agricultural census.
In other cases it may be necessary to allocaterradtior regional level estimates to
the spatial units being applied for ecosystem auiiog using spatial modelling
techniques.

5.48. For some cultural services particularly those megptto tourism and
recreation, the use of available administrative andrey based information is also
appropriate. The measurement of so-called non-ugwral services is more
problematic and is considered further in sectidh 5.

5.49. For regulating services some specific suggestionmeasurement using bio-
physical models are suggested in Table 5.1 (fronCANResearch Paper #3). These
are intended as guide only and consideration oafiicability of these approaches
should be made in each circumstance. Also, son@fepeonsiderations with respect
to the measurement of ecosystem services relatedrbmn and water are discussed
in ANCA Research Papers #7 and #8)
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Table 5.1: Indicators and mapping methods for setkecosystem services (Source: ANCA

Research Pa

er #3 — Lars Hein B

iophysical modglling

Service

Potential indicator

Description

Carbon storage| Ton of carbon (piCarbon storage includes storage in vegetation @gosund, root, dead wood,
carbon-dioxide) per and litter carbon) and soil carbon. Soil carbon nhey low compared tg
hectare or  squarg vegetation carbon, as in some types of poor fgrtitopical forest soils, or i
kilometer. may be by far the largest component of total carktmmage, as in peatland
soils in deep peat (World Bank, 2014). Above grooathon can be measured
with radar remote sensing, but the measuremenélofabground carbon wit
optical techniques is generally not possible. dtdor this part of the carbon
stock, soil sampling and interpolation of data p®is required. Carbon maps
are increasingly available for different parts lo¢ world (see also Chapter 4),
and the capacity to map above ground carbon sttakally also increases
with the launch of the Sentinel radar satellites.
Carbon Ton of carbon (on Carbon sequestration can be related to net ecosysteductivity (NEP), i.e.
sequestration | carbon-dioxide) the difference between net primary productivity ByRand soil respiration.
sequestered per yedrNPP can be derived from the Normalized Differencegétation Index
per hectare or per squafgNDVI) that can be measured with remote sensinggesa However care
kilometer. needs to be taken that the relation between NDWINRP is well established
for the ecosystems involved, and that accuracyldeame calculated based on
sample points. It is often difficult to find credi#ovalues for the spatially very

variable soil respiration rate, which depends ootdréal and fungi activity|
which are in turn guided by the local availabilitiyorganic matter (e.g. falle
leaves), temperature, moisture, etc.

Maintaining
rainfall patterns

mm water
evapotranspiration pe
hectare per year, m
rainfall
hectare per year.

generated per Reductions in rainfall in the Western Sahel andtheray Basin in Australig
have also been correlated to past losses of fomear. This is a significant

Rainfall patterns depend on vegetation patterriargé scales. For instance,

nlevels requires maintaining at least some 30% effthest cover in the basi

ecosystem service, however the value of individpixkels is difficult to
establish since it requires understanding largéescamplex climatological

r has been estimated that maintaining rainfall pastén the Amazon at current

=)

it

n.

patterns, large scale analyses of potential darnages, and interpolations of
values generated at large scales to individuallpiwgth detailed climate
biosphere models.
Water - water storage capacity Water regulation includes several different aspectduding (i) flood control;
regulation in the ecosystem in mB (i) maintaining dry season flows; and (iii) watquality control — e.g. by
per hectare (or in mm); | trapping sediments and reducing siltation rategmgoral, i.e. inter-annual
- difference between and intra-annual, variation is particularly impartéor this service. Modelling
rainfall and  evapo- this service is often data-intensive and also aitalyy complex. SWAT is a
transpiration in| model often used to model this kind of flows, hoeeextensions of the
m3/halyear; SWAT model are needed to link land use to watevslcsee also Chapter 4.
Surface watel Surface water modelling Flood protection depends on linear elements inldnelscape that act as|a
modelling; can be deployed to buffer against high water levels (e.g. a mangrakee or riparian system).
Flood analyze reductions in Modelling this service requires modelling flood teats and the influence of
protection flood risk, expressed the vegetation. It may not always be needed to ifided protection in
either as reduction in physical terms in order to understand the monetatye of the service - in
probability of | particular in those areas where it is certain ttatiral systems, if lost, would
occurrence, reduction in be replaced by artificial ones (e.g. a dyke), asldibe the case in most of the
average duration of the Netherlands, for instance. In this case, valuatiary be done on the basis of a
flood, or reduction in| replacement cost approach that does not requirerstahding the physical
water level depending service in full.
on context
Erosion and| - difference between There is relatively much experience with modellitids service. Erosior
sedimentation | sediment run-off and models can be integrated in a catchment hydrolbgicalels (such as SWAT
control sediment deposition in or CSIRO SedNet, both freeware) to predict sedimatgs. In SWAT, 4
ton/halyear watershed is divided into Hydrological Responset&J(iHRUS), representing
homogeneous land use, management, and soil chastcte Erosion rates
need to be estimated for each HRU, for instancthermasis of the MUSLE or
RUSLE erosion models or alternatively SWAT landgcapn be used which
includes grid based land cover units.
Water Amount of excesg Various hydrological models, including SWAT includeodules that allo
purification nitrogen and or estimating the nutrient loads in rivers as a fuorciof streamflow, discharge,

phosphorous removed i

ntemperature, etc. Nitrogen is broken down by badterctivity, phosphorous

the ecosystem

is typically removed in ecosystems by binding te #oil particles. Modelling
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these processes in SWAT requires large datasetfgrably with daily time-
steps, of nutrient concentrations in various samgp$itations along the rive
course. Simulation in SWAT using predefined modualbsws calculating the
nutrient concentrations in other parts of the river

5.5.3 Recording the beneficiaries of ecosystem services

5.50. Within the ecosystem accounting model all benefitsist have a
corresponding beneficiary. Given that ecosystenviges are “contributions to
benefits” this implies that all ecosystem servic@so have a corresponding
beneficiary. Using broad national accounting catiegothese beneficiaries can be
grouped as being corporations, governments andeholds. Another perspective of
grouping is to consider industry groupings wherehgividual establishments or
businesses are grouped into those that undertalilusactivities such as agriculture
or manufacturing.

5.51. When measuring the generation of ecosystem sergitgsnapping out their
generation across a specific ecosystem type (ergst) it is likely to be useful to
consider the range of beneficiaries. This apprdeshbeen extensively applied in the
development of the Final Ecosystem Goods and SE\lEEGS) concept by the US
EPA and its associated classification system.

5.52. To support integration with the national accoumtd &s tables such as input-
output tables, it is recommended that the matctofigecosystem services to
beneficiaries use the classification of benefieiarused by the national accounts
either by institutional sector or by industry/ecomo activity.

5.6 Keyissuesand challengesin measuring ecosystem service flows
Suggestions for topics include (some of which atetluced in section 5.2 above).

» Distinguishing final and intermediate services, bpdefits.
» Measurement of non-use cultural services

» Linking biodiversity and ecosystem services

» Scaling data for measuring ecosystem services

* Benefit transfer methods

» Valuation — link to chapter 8
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5.7 Conclusions
5.7.1 Recommended activities and approaches

To be determined : Suggestion to focus on (i) usir@assification of ecosystem services to
list out relevant ecosystem services for each raagsystem type; (ii) to consider this list in
the context of likely beneficiaries both local amational/global; (i) to develop indicators of

physical flows of each ecosystem service. This @odigrm the basis for an ecosystem
services supply account and a use account. Issueduation and aggregation would remain
on the research agenda.

5.7.2 I'ssues requiring ongoing research

To be determined.
5.53.
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6.

6.1

Accounting for specific ecosystem components

I ntroduction

6.1.The main ecosystem accounts are described in Ghépideir structure reflects the

ambition of ecosystem accounting to integrate aewiange of information on a
variety of ecosystem components and for a numbeacogystem services. As with
the national economic accounts, the compilatioradsystem accounts of such an
integrated nature requires the use of multiple dataces. In that sense, ecosystem
accounting should not be considered as reflectimingle data set but rather as a
synthesis of many data sets each of which will iessewn methods and techniques.

6.2.In the development of the SEEA EEA, four data @etparticular have emerged as

central to the measurement of ecosystem assete@system services. These four
data sets concern land cover, water, carbon andivieisity. For all of these
ecosystem components there are separate measutegterniues and guidelines that
have developed over time resulting in a varying ofixlefinitions and measurement
scopes that are appropriate for specific circuntgtanFor the purposes of integration
within ecosystem accounting there is a need to sseke alignment and co-
ordination in the measurement of these differenthmmnents both in terms of
alignment among components and in terms of alighméth SEEA and SNA
accounting principles.

6.3.In the case of two components — land cover and rwaté¢he SEEA Central

Framework and the SEEA Water provide the concemtmlinding for integration.
For carbon, as a single element, it is actuallytequvell suited as a subject for
accounting. It has thus been relatively straightfod to consider adapting the
measurement of carbon into a broad accountingtsteicThe relevant concepts are
described in the SEEA EEA. For biodiversity theiaion is still developing. SEEA
EEA section 4.5 introduces relevant ideas for theasarement of biodiversity in
accounting terms but more work is needed.

6.4.Aside from contributing to the bigger ecosystemoaiciting picture, accounts for land

cover, water, carbon and biodiversity also contairch relevant information in their
own right. Consequently, compilers of ecosystenpants are encouraged to seek
opportunities to promote and use the informatioesented in these supporting
accounts to support discussion of environmentaheac issues.

6.5.This chapter provides a summary of the relevanb@atiing issues for each of these

four areas. More detailed descriptions are providedhe four ANCA Research
Papers #2, 7, 8 and 9. The issue of aggregatimpsthese and other components to
provide a more complete ecosystem level assessmeistussed in Chapter 7.

6.2  Accounting for land cover
6.2.1 Introduction

6.6.Accounting for land cover and land cover change el the most common starting

point for compilers of ecosystem accounts. As pmdrthe accounts compilation
process the information in land cover accountsheansed to help define the relevant
spatial units, to determine the extent of differecbsystem types at a broad level, to
support understanding the links between ecosystemices supply and the
beneficiaries of those ecosystem services andyirtal facilitate the scaling of other
data to finer and broader levels of detail.
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6.7.Generally, the initial focus of land cover accongtiis on terrestrial areas of a
country including freshwater bodies. Within thi®ge land cover must be classified
into various classes. Often there will be relevaetional classifications and datasets
but alignment or correspondence to internationaksifications is likely to be a
positive step. Chapter 3 discusses issues of fitagiin in more detail.

6.8.The basic structure of a land cover account folltivesstructure of an asset account
as described in the SEEA Central Framework. Thahéee will be an opening stock,
closing stock and additions and reductions in sti#ally, changes in stock over an
accounting period would be separated into thoseatenaturally driven and those
due to human activities. Both the SEEA Central Fnaork and the SEEA EEA
describe the structure of a land cover account.

6.9.In addition to an asset account information on lander may be organised in the
form of a land cover change matrix which shows hover an accounting period, the
composition of land cover has changed betweenrdiifetypes of cover. An example
of such a matrix is provided in the SEEA CentralrRework.

6.10. Using different data sources, additional information land may also be
organised into accounts. For example, informatiotaad use and land ownership or
tenure may be accounted for.

6.2.2 Relevant data and source materials

6.11. ANCA Research Paper #2 discusses the compilatidanof cover accounts
in more detail. In terms of data requirements, thaper distinguishes between
dynamic and permanent features. Dynamic featurdada information on land use,
land cover and vegetation type. Permanent featumetide information on
administrative boundaries, ecological regions, @velr basins.

6.12. The compilation of accounts will generally requbbenging these various
data together using GIS methods to form maps tmuatry as a whole. The ambition
in accounting terms is to generate harmonised rapistime such that the stock and
changes in stock can be consistently accounted for.

6.13. Materials to support land cover accounting inclgdilne SEEA Central
Framework, the SEEA EEA and the ENCA QSP which dragxtensive discussion
of land cover accounting and associated data searg methods.

6.14. Additional support and guidance is available inkiag at country examples
and case studies. Relevant examples include thk @fdahe European Environment
Agency, the Australian Bureau of Statistics, Statis Canada, the Victorian
Department of Sustainability and Environment antMauritius.

6.2.3 Key issues and challenges in measurement

6.15. There is a range of measurement challenges in damdr accounting. An
immediate challenge is being able to integratevéi®us data to produce harmonised
maps. This requires that all relevant data be atigwith a standardised grid and
while a seemingly simple objective this may be kard achieve in practice since
data sets will be held with multiple agencies.

6.16. A related issue will be the choice of scale analtg®on for the maps. In
general terms higher levels of detail will be betiat will also have higher resource
costs. Balancing the work required with the degoéeaccuracy required will be
important. A relevant issue in this context arerapphes to the validation of data
particularly since much data will be derived frommote sensing and satellite
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imagery. Ideally some degree of sampled groundhitrgtshould be undertaken — for
example using Google Earth.

6.17. An integrated approach involving sampled refergpaimts to measure land
use and land cover across Europe - LUCAS - has teeeloped in recent years by
Eurostat. This approach may provide additional sdéar possible measurement
approaches at national level.

6.18. The approach to classifying land cover is partidylaimportant in
communicating message on the changing composifitand cover at national level.
At a base level there is now an ISO standard LaodeC Classification Scheme
(LCCS) developed by the FAO. This classificationydes the structure by which
each type of land cover around the world can besistent classified and thus
provides a way of linking the various classificagothat are in use in different
countries and regions.

6.19. While this provides a base classification, morellehging has been the
formation of higher level classes that can be usedummarise land cover in
meaningful ways. There are a number of options, afnehich is the interim land
cover classification presented in the SEEA Cerfframework. Determination of a
broadly accepted set of high level (say 10-15) selasof land cover (and the
associated definitions of these classes) would mesignificant step forward in
coordinating information and underpinning greatdigrenent in ecosystem
accounting discussions and applications.

6.2.4 Conclusions, recommended activities and research issues
6.20. To be determined

6.3  Accounting for water related stocks and flows

6.3.1 Introduction

6.21. Water is a fundamental resource and accountingh®stocks and flows of
water is a key feature of both the SEEA Centratféaork and the SEEA EEA. This
short section is intended only to provide directitm relevant technical and
compilation materials rather than reproduce or sarnsa the content of those
materials.

6.22. Water is relevant in ecosystem accounting in a rernolb ways. First, water
is a key component of ecosystems and hence assd@ssihéghe condition of
ecosystem assets will, in most instances, regb&enteasurement of the stocks and
changes in stocks of water resources.

6.23. Second, there are a number of ecosystem serviceh wdlated directly to
water. These include the provisioning service ofewavhen it is abstracted for use
(irrigation, drinking, hydropower), the role of weatin filtering pollutants and
residual flows, and the cultural services assodiatéh water such as fishing and
other recreational activities. In addition, thare a number of ecosystem services to
which water is linked, for example, the regulatioihwater flows to provide flood
protection and the filtration of water by the dailkcatchments.

6.24. Measurements in all of these areas are ultimatebortant within a complete
set of ecosystem accounts. The accounts of the SE#mral Framework for water
focus on two areas — the supply and use of watértla® asset account for water.
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Information from both of these accounts is relevémt ecosystem accounting
purposes, in addition to being of importance ireottontexts.

6.3.2 Relevant data and source materials

6.25. There are many relevant materials to support thmpdation of water
accounts. Aside from the content in the SEEA Cérramework and the SEEA
EEA, there is a specific SEEA Water and the assedialnternational
Recommendations on Water Statistics. Also in matio accounting for water
Chapter 6 of the ENCA QSP has much relevant infaona

6.26. There is a wide range of data sources, includinbajldata sets that might be
considered for use in water accounting. ANCA Rege&taper #8 provides a good
overview and links to these data sources and alseides a description of some
relevant country examples. To date, over 50 coemtnave trialled the development
of SEEA based water accounts and it is now a lefgidl statistical output within the
EU. Consequently there is a increasing body of kedge and experience in water
accounting that can be drawn on.

6.3.3 Key issues and challenges in measurement

6.27. There remain some specific challenges in accouritingvater, especially in
an ecosystem accounting context. Linked to theeisdidefining spatial units there is
the need for clarity on the delineation of wetlamdth the scale of analysis being a
particular area of concern. Many wetlands may bieeqmall but disproportionately
important within larger land cover types (for exdenim grasslands) and being able to
recognise these areas and hence better understanstacks and flows of water
resources is important.

6.28. On a related note integrating information on gromagr within the
ecosystem accounting framework requires furthesiciemation given that generally
the ecosystem accounts have considered primarilgciwater resources.

6.29. Given that flows of water are often key pathwayswieen different
ecosystems, more work is needed to understand arodiat for flows of ecosystem
services between ecosystem assets that are redateater. For example, how should
the services of soil retention in the upper readfesater catchments be considered
in the context of the services provided by an entiver basin. SEEA EEA largely
ignored flows between ecosystems but further reflacsuggests that incorporating
certain intermediate ecosystem services is required

6.30. A general challenge in water accounting from aamei accounts perspective
is that, often, national level data are not overaningful and instead information at
a basin or catchment level is required. While itynb& straightforward to propose
measurement at this level of detail, developingredes at a catchment level may be
resource intensive.

6.3.4 Conclusions, recommended activities and research issues
6.31. To be determined

58



6.4 Accounting for carbon related stocks and flows

6.4.1 Introduction

6.32. Carbon has a central place in ecosystem and otivitoemental processes
and hence accounting for carbon stocks and changst®cks must be seen as an
important aspect of environmental-economic accogntiThis short section is
intended only to provide direction to relevant teichl and compilation materials
rather than reproduce or summarise the contetositmaterials.

6.33. Accounting for carbon in the context of the SEEAncoenced in the context
of accounting for carbon in forests and in accounfior GHG emissions. With the
development of the SEEA EEA the scope of carboowating has been broadened
and, following the scope of the carbon stock actanrthe SEEA EEA, ideally it
encompasses stocks and changes in stocks of &l gfathe carbon cycle. Thus it
would cover geocarbon, biocarbon, atmospheric carbarbon in the oceans and
carbon accumulated in the economy. In practicestiope of carbon stock accounting
at this stage is focus on biocarbon and geocarbon.

6.34. In ecosystem accounting information on stocks #md of carbon is used in
two main areas. First, as part of the measurenfestasystem condition, one broad
approach is to use changes in net primary producm® an indicator. This single
indicator can capture changes in soil, vegetatiod ather biomass. Second,
information on carbon stocks and flows relate diyeto the ecosystem services of
carbon sequestration and carbon storage.

6.4.2 Relevant data and source materials

6.35. The structure of a carbon stock account is predeéntS8EEA EEA Chapter 4.
The compilation of this account, with a focus omdairbon and geocarbon, will
involve the collection of data on land cover and tapacity of different land cover
types to sequester carbon, data on the carbonntasfteoils and information on sub-
soil fossil fuel resources. A summary of relevaatadsources and links to those
sources is presented in ANCA Research Paper #7r#cplar source that is noted
here is information compiled by countries as pdrtraporting to the IPCC. The
measurement boundaries and treatments are, onhtble wwell aligned between the
IPCC and the SEEA.

6.36. Advice on the compilation of carbon accounts is suamsed in SEEA EEA.
A more detailed explanation is provided in Ajani@Gmisari 2014 which describes
the development of a carbon account for Austratieluiding discussion of the
relevance and application of the account.

6.4.3 Key issues and challenges in measurement

6.37. Relative to other areas of measurement, the measuatechallenges in
relation to carbon are relatively limited. In largart this reflects the substantial
resources that have been applied to this measutaassrwithin the IPCC processes.
Nonetheless there remain important issues of daddity to consider. In large part
these relate to being able to accurately measub®ratocks across the wide variety
of vegetation and soil types since different carbontent ratios will apply. Related
to this the sourcing of information via remote segsand using local sources in a
balance between coverage and accuracy is an ongoatignge.
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6.4.4 Conclusions, recommended activities and research issues
6.38. To be determined.

6.5 Accounting for biodiversity

NB: Text in this section to reflect a summary ofy kgoints from a forthcoming paper on
biodiversity accounting and other sources as apjatep

6.5.1 Introduction
6.39.

6.5.2 Relevant data and source materials
6.40.

6.5.3 Key issues and challenges in measurement
6.41.

6.5.4 Conclusions, recommended activities and research issues
6.42.

6.6 Other supporting accounts and data

6.43. As noted in the introduction to this chapter a widege of data will need to
be integrated in the compilation of ecosystem actwData on land cover, water,
carbon and biodiversity are likely the key and e8akitems. Other components, for
which accounting frameworks have been developetine cases, include:

e Timber resources (accounting described in the SEE&ntral
Framework)

« Fish and other aquatic resources (accounting destrin the SEEA
Central Framework)

e Other biological resources including livestock, hanas, plantations,
wild animals (accounting described in the SEEA @sdriiramework)

* Soil resources (accounting described in the SEEAtr@e Framework
although further development is required)

« Data on production and use of outputs from agucalf forestry and
fisheries activity (accounting described in the SERGgriculture,
Forestry and Fisheries (forthcoming))

« Data on tourism and recreation (some coverageafating in Tourism
Satellite Accounts)

« Population data

6.44. It is likely that in order to generate the datdéhat appropriate spatial scale for
ecosystem accounting some scaling and modellinfpefinformation encompassed
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by the accounts listed above will be required. dseie of scaling is discussed in
ANCA Research Paper #1 (Bordt, 2015). Further,qaderly for the measurement of

ecosystem services, it will be necessary to usevaek models of ecosystem
processes to estimate the relevant flows. Thesesim@dll require additional data of

a scientific and ecological nature. Over time,hesdccounts develop, it is likely to be
possible to investigate the alignment and consistéetween the scientific data and
the socio-economic data, particularly as it pedain specific spatial areas or
ecosystems. In this sense, the ecosystem accountidgl provides both a rationale
and a place for data integration.
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7. Accounting for ecosystem assets

7.1 Introduction

7.1.Accounting for ecosystem assets is a fundamentahpooent of ecosystem
accounting. Without accounting for ecosystem assegtgitions to understand and
monitor the changes in the natural capital base laadce consider issues of
sustainability are not possible. Further, undeditam the connections between the
characteristics of ecosystem assets and the sertlie¢ are supplied can form the
basis for better planning and management of natayztal.

7.2.This chapter builds on the initial discussion oE@mting for ecosystem assets in
Chapter 4 of the SEEA EEA. When drafted there wasmy concepts and ideas
about how ecosystem assets might be considerenhanany respects, the text of the
SEEA EEA represents a first attempt at synthesisipgroaches to environmental
and ecosystem assessment within a national acogunéimework.

7.3.Since the first release of the SEEA EEA in 2013itgvhover) further discussion and
experience has refined some of the ideas althonghumber of respects there
remains important testing and research to do. Thgemal in this chapter thus
represents an update, primarily aimed at updatiagctarifying the material in SEEA
EEA but also providing some additional guidance dinéction for those involved in
testing and research.

7.4.This chapter assumes, as outlined in Chapter Féf EG, that ecosystem assets are
defined as spatial areas satisfying the requiresnefita land cover / ecosystem
functional unit (LCEU). The SEEA EEA was not clear the appropriate spatial unit
that should define an ecosystem asset but theiggosif EEA TG is clear. This
approach remains consistent with the definitioneobsystem assets in the SEEA
EEA as being “spatial areas containing a combinatgd biotic and abiotic
components and other characteristics that functmgether” (SEEA EEA 4.1).
However, by providing a clearer link to the LCEWdéa better sense of scaling and
of measurement approach can be undertaken.

7.5.The focus on LCEU level units as being ecosystesetasloes not imply that more
aggregated combinations of LCEU (i.e. EAU) suchier basins and administrative
areas, cannot be the focus of accounting. Ratlergigests that the appropriate base
level unit for asset accounting purposes is the UGE it is at this level that the
characteristics of an ecosystem asset can be apgedp determined and monitored
and it is at this level that an understanding ef tllevant ecosystem services can be
understood.

7.6.This chapter also takes as a starting point tHatrimation on specific components of
ecosystem assets, such as information on land ,caxsger resources, biodiversity,
soil, types of biomass (timber, fish, livestockpms, etc.), has been appropriately
estimated and attributed to LCEU level. Chapterrévigdes an overview of the
relevant considerations concerning accounting f@ tomponents of ecosystem
assets.

7.2 Dimensionsin the measurement of ecosystem assets

7.7.SEEA EEA Chapter 4 outlines a number of dimensitheg are relevant to the
measurement of ecosystem assets. The three priciargnsions are ecosystem
extent, ecosystem condition, and expected ecosystewces flows. A dimension or
concept that has become increasingly of intereshfan accounting perspective is
that of ecosystem capacity. SEEA EEA notes that tdpacity of an ecosystem asset
to generate a basket of ecosystem services camderstood as a function of the
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condition and the extent of that ecosystem” (SEEERAE.1). While SEEA EEA does
not provide a measurement definition for ecosystapacity, there is recognition that
it can provide a linking point between differentnginsions in the measurement of
ecosystem assets.

7.8.This section briefly outlines the different dimesrss of ecosystem assets noted above
with a more extended discussion on the measureafeztosystem condition in the
following section and a discussion on the defimitad ecosystem capacity in section
7.5.

7.9.The most straightforward dimension is ecosystemerdgxt The preparation of
ecosystem extent accounts, introduced in Chaptir the appropriate starting point
for ecosystem accounting since they will reflecndamental choices on the
delineation of spatial areas and also provide itgporinformation on the changing
composition of ecosystem types at an aggregaté leve

7.10. It is this second feature that is perhaps the rewgtificant in accounting
terms. Because accounts about ecosystem extecbramgiled in a common unit of
measurement, usually hectares, this permits aggpegand comparison at larger
scales. Thus comparison of the relative proportmingifferent ecosystem types and
the changes in these shares over time can be riadenot as straightforward to
undertake this scale of comparison when considetfireg quality or condition of
ecosystem assets.

7.11. The second dimension is ecosystem condition. “Estesy condition reflects
the overall quality of an ecosystem asset in tesfriss characteristics” (SEEA EEA
2.35). The measurement of ecosystem conditionusissdl at more length in section
7.3, requires the selection of specific charadiessand then measurement of
relevant indicators pertaining to those charadiesis

7.12. Once indicators are measured, the task from a mati@ccounting
perspective is to develop methods that supporteaggion and comparison. Being
able to understand the relative significance diedi#nt ecosystem assets is core to the
national accounting approach. The general apprtatifis task outlined in the SEEA
EEA is the comparison of indicators to benchmarkederence condition. Guidance
on this is provided in section 7.3.

7.13. The third dimension concerns expected ecosystewmicesrflows. Since the
release of SEEA EEA in 2013, this dimension of meag ecosystem assets has not
received much focus. This seems due to two relfdetrs. First, the concept of
expected ecosystem services flows is very muchpafication of standard capital
accounting to the area of ecosystems. It thus staothewhat removed from the
experience to date in measuring ecosystems eithderms of their extent and
condition or in terms of the actual flows of ecdsys services in a given period of
time. Second, since the measurement of expected floforward looking and relates
to a basket of ecosystem services, it relies onraterstanding of the link between
the future condition of ecosystem assets and aebask services and also on
measuring an entire basket of services for diffeesosystem types. Neither of these
measurement challenges are resolved and hencelikelg that progress toward
measuring expected ecosystem services flows widmeewhat slower. The second
challenge will be resolved as work on the measun¢noé ecosystem services
progresses (see Chapter 5) and the first challefipeentre around the measurement
of ecosystem capacity, a topic discussed in maalde section 7.5 below.

7.14. Ultimately from an ecosystem accounting perspedtigekey ambition is for
measures of ecosystem extent, condition, capanifyexpected service flows to be
able to be reconciled to provide a consistent pgctd each ecosystem asset both it is
own right and in terms of measures of other as3etshis point in time, the logic of
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the relationships established in ecosystem acamyns appropriate but further
testing in practical situations is required to eaghe relevance and usefulness of the
framework.

7.15. One perspective on ecosystem asset measuremenmnertdioned above
concerns measurement in monetary terms throughv#hgation of ecosystem
services. In concept, measurement in monetary tguersnits aggregation and
comparison among ecosystem assets, as well as ridngpthe integration of
information on ecosystem assets with data on absets currently included in the
national accounts balance sheets. The measurenfeicasystem extent and
ecosystem condition in monetary terms is not péesggt least not directly) and the
focus of valuation of ecosystem assets is on thesorement of expected ecosystem
services flows. More recently the idea of valuirg®y/stem capacity has been raised
although further discussion on this point is regdir

7.16. Conceptually, the valuation of ecosystem asse@ $&emingly neat step.
However, there is a range of conceptual and pctiballenges in valuation that
may mean that progress toward the full valuatioearfsystem assets is a medium to
longer term objective. A more complete discussibthe relevant issues is presented
in Chapter 8.

7.3  Compiling ecosystem condition accounts

7.17. The intent of an ecosystem condition account isriog together a range of
information about the overall condition of diffeteecosystem assets. In general,
most environmental accounting and indeed most meamsnt activities, tend to
focus on specific characteristics in individual roultiple ecosystem assets. Thus
there may be studies on ecosystem components sucarlaon, water, timber, sall,
biodiversity or characteristics such as resiliendbde ambition for ecosystem
accounting is to bring all of that information ttiger to provide an overall
assessment of ecosystem assets.

7.18. The basic approach is to identify and select aertelaracteristics of
ecosystem assets whose measurement would providadamation of ecosystem
condition. Since the coverage of ecosystem accoginigi national level, or at least
multiple ecosystem type level, one way of selectihgracteristics is to consider a
small number that can be measured for all ecosysypes. This is the approach
adopted for the ENCA QSP where indicators of carlveater and biodiversity have
been developed and measured for all ecosystemsadnrary.

7.19. The second way is to develop different indicatars different ecosystem
types and perhaps, further by different uses ofgstem types. This is the approach
that has been used in the UK NEA, SANBI, MEGS apdhe Wentworth Group in
Australia.

7.20. While there is undoubtedly merit in developing litdsed approaches as in
the ENCA QSP, where resources are available, ildveeem more ecologically well
founded if the second method is used — i.e. devrgjopneasurement specific
characteristics for different ecosystem servicpgsy At the same time, given that the
ENCA QSP provides a clear foundation for ecosystemdition accounting, an
approach that may be considered is developing ENIG#® based accounts for the
whole country in an initial phase and then progvets expanding the set of
indicators for different ecosystem types within 8gme spatial architecture. In this
case the expansion may be staged with initial foonsthose ecosystem assets
showing the largest declines or lowest levels ofditon.
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7.21. It is not expected that the development of spedifidicators for each
ecosystem type would lead to the measurement asanumber of characteristics for
every ecosystem. From an ecosystem accounting guhgp the intention remains to
provide a broad indication of the level and chaimgeondition rather than to fully
map the functioning of every ecosystem. This idipalarly the case since a key
element of accounting is monitoring change overetiamd hence a focus on those
characteristics that drive ecosystem conditiomigrgortant consideration.

7.22. In this respect, it has become clear that in Selgctharacteristics it is
necessary but not sufficient to consider only egiclal factors. It is also necessary to
also take into consideration the type of use bemagle of an ecosystem asset. For
example, the relevant characteristics to consioiea forest being logged are likely to
be different from one which is being used primarity recreation. In the first
instance indicators of change in timber resourgg f@ean annual increment) may be
very relevant whereas in the second case an indicapact of visitors (e.qg. litter and
garbage) might be more relevant.

7.23. While it may seem that the potential set of indicats unbounded, testing to
date suggests that for most ecosystem types d 468 mdicators can provide a good
set of information to enable assessment of theatlveondition of an ecosystem
asset.

7.24. Ideally, information on each selected characteristould be measured or
downscaled to the BSU level. In many cases this beyossible and indeed, for
some ecosystem characteristics such as thosenpegtao soil retention and water
flow there may be notable spatial variability teabuld be considered.

7.25. However, there will be some situations in whichsthihay make little
conceptual sense or imply assumptions in the doalingcthat are not appropriate.
For example, a key issue in ecosystem conditiofragmentation which is only
measureable at a multiple ecosystem asset or lapestevel. Attribution of
fragmentation indicators to lower levels may bellelnging.

7.26. The SEEA EEA points to a number of different chtedstics and indicators
(see for example Table 2.3). This was done to peogin indication of the logic being
explained rather than to provide definitive recomdeions. ANCA Research Paper
#5 provides a thorough assessment of the indicétotbe SEEA EEA and also
describes a number of other indicators that magolnsidered.

7.27. One type of indicator not mentioned in SEEA EEA tadiich is worthy of
further consideration are holistic indicators obggstem health and integrity. To the
extent that for particular ecosystems scientifiseegch has established an overall
indicator that relates well to the concept of ctiodi being applied in ecosystem
accounting then it may be that such indicators lmampplied directly for ecosystem
accounting purposes.

7.28. In terms of data sources these will be varied déipgnon the indicator
selected. In the areas of carbon, water and bicgltyea range of potential data
sources is introduced in Chapter 6 and it is nttatithe ENCA QSP proposes many
data sources in these areas. In many cases sabaled data are likely to be useful
information especially in providing the breadth ddta across different ecosystem
assets that is required for ecosystem accountingpgas.

7.29. Four considerations that might be used in seleciibcators are (i) the
sensitivity of ecosystem services supply to thecetdr; (ii) the degree to which the
indicator reflects the overall health of or key g#sses in the ecosystem; (iii) data
availability; and (iv) the possibility to generatew data cost effectively.
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7.30. Compilers are encouraged to consider the work destrin the research
paper, the outcomes from testing in different prgieand most importantly, to
engage with national experts on ecosystems andveisity potentially different
experts for different ecosystem types. In this régthe ecosystem condition account
is likely to be the primary account through whiaihgagement with the ecological
community can be fostered.

7.4  Aggregate measures of condition

7.31. The development of aggregate measures of the ¢omdif ecosystem assets
remains a challenge in measurement terms. Thisoseoutlines the logic of the
approach proposed for ecosystem accounting andibpsways forward. The
following text assumes that for any specific ectsysasset a set of information for
selected characteristics of that asset has bekaiarbl

7.32. Given this information on characteristics is auaia the question of
aggregation here focuses on obtaining an overadisore of ecosystem condition for
a single ecosystem asset. The focus is not on hilgvels of aggregation, for
example, to provide an aggregate measure of condior all ecosystems in a
country. The focus on single ecosystem assets rnisigtent with the ecosystem
accounting focus on the capacity of ecosystem sigsesupply ecosystem services
and in assessing the degradation of ecosystemk.daptcity and degradation apply
conceptually at the scale of individual asset@first instance.

7.33. It is also noted that one approach to aggregasoto iestimate prices for
ecosystem services and derive a monetary valueosfystem assets. This approach is
not considered in this section (see Chapter 8) endny event, monetary valuation
can only provide an indirect estimate of ecosysteondition via the lens of
ecosystem services.

7.34. The approach to aggregation of individual conditiedicators involves two
steps. First, the indicators of the different ckhtastics must be transformed to be on
a common measurement base and thus able to be @m@econd, a weighting of
the relative importance of each characteristic nhesassumed to provide an overall
aggregate measure.

7.35. In the first step, the approach introduced in tB&8& EEA was the use of a
reference condition. In this approach, each indica assessed in relation to a
common reference or benchmark condition for a paldr ecosystem asset. There is
a range of alternatives in setting reference candit For example, in the ENCA
QSP the reference condition is the beginning ofabeounting period while in the
work of the Wentworth Group the reference conditisrpre-European settlement.
ANCA Research Paper #5 (Bordt, 2015) provides aenfiolsome consideration of
different reference condition approaches. SEEA E&80 notes a number of
conceptual considerations with respect to the @iseference condition approaches.

7.36. Having established a reference condition, the imédion for each indicator
is normalised commonly with the reference conditieftecting a “score” of 100 and
the actual condition as measured being betweerd@. 6. A related approach used
by SANBI is to grade ecosystems on a scale of A with A representing a
characteristic associated with a reference or refarence condition ecosystem and E
representing a characteristic with a heavily deggagcosystem.

7.37. Establishing reference conditions and normalise@yes is another task that
should be conducted in close consultation withomati experts in ecosystems and
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biodiversity. Indeed, it may well be the case tihare are existing bodies of work in

relevant government agencies and/or universitias ¢an be used or built upon to

support this type of assessment. It is importanetmgnise that the use of reference
conditions is well known in ecological circles aitdshould be considered as an
adaptation for ecosystem accounting purposes rattzer reflecting the use of an

entirely new measurement approach.

7.38. The second step is more complex and less develdpedambition to weight
together indicators of different characteristicad new from a statistical perspective
but, as for socio-economic indicators, the weightf different ecosystem indicators
is a matter of debate. By far the easiest solutida give each indicator equal weight
in an overall measure. However, this may not bergppate from an ecological
perspective with different characteristics possitlying a relatively more important
role. Also, equal weighting may not reflect theatele importance of different
characteristics in the supply of ecosystem services

7.39. An extended discussion on aggregation of ecosysteasures is provided in
ANCA Research Paper #1 (Bordt, 2015). That papémt®do a number of options
and issues. At this stage no clear pathways forwarthis have emerged but there
are a number of areas for further testing and rekegescribed below in section 7.6.

7.5 Developing the concept of ecosystem capacity

7.40. Earlier in this chapter it was noted that in SEEBAEthe measurement of
ecosystem assets considers three main conceptsyséam extent, ecosystem
condition and expected ecosystem service flowsreThee no significant additional
conceptual points to be made in relation to ecesystxtent and condition and the
key measurement issues are discussed above.

7.41. In relation to expected ecosystem service flows tomcept remains
unchanged but a clarification is made here to enthat the concept is understood to
relate to the actual flows of ecosystem servicdmtTs, in any given accounting
period, a quantity of ecosystem services (measartgtms of tonnes, m3, number of
visitors, etc.) can be recorded and this would basidered the actual flow of
ecosystem services. It is likely to be differemnfr other estimates of what the flows
of ecosystem services might have been in diffestutations (e.g. if prices for
resources were higher, if pollution rates had Beeser, etc.).

7.42. Given this, the concept of expected ecosystem cflows is applied by
estimating what the flows of actual ecosystem sesviare likely to be in future
accounting periods. There is no assumption thatetkmected flows will reflect
sustainable management practice or some specifiageanent regime. Nonetheless,
in terms of the asset as a whole, some mixtureaskdi of ecosystem services will
need to be assumed in order for an estimatiorkmpgkace.

7.43. The main ecosystem asset concept not dealt witSEEA EEA is the
concept of ecosystem capacity. This concept isigitgh making the connection
between ecosystem assets and ecosystem servic@sehbuodture of this connection
was not articulated in SEEA EEA. This was due to key factors

» First, recognition that the link between ecosystassets and ecosystem
services is hard to describe, particularly in teohthe link between changes
in overall ecosystem condition and the generatibimdividual ecosystem
services. Notions of threshold effects, resilieneepsystem dynamics and
other non-linear factors will be important to cafesi
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* Second, since the concept of capacity seemed uieréb the overall
ecosystem asset, a requirement was defining theebakecosystem services
that would be deemed in scope and discussion o ifflsue was not
conclusive.

7.44. Since the drafting of SEEA EEA in 2012 it has beednctreasingly apparent
that the concept of ecosystem capacity is a ceatralin both explaining the model
and applying the model in practice, especiallyeimts of developing information sets
that can support discussion of sustainability. fidlewing points have emerged from
recent discussion of the issue and help to betéend the discussion of ecosystem
capacity in the context of the ecosystem accountindel.

*  Ecosystem capacity is a function of ecosystemnéxed condition

« Ecosystem capacity should be considered in referema specific set of
ecosystem services

» Ecosystem capacity can be conceptualized and nezh&yiin relation to
an ecosystem assets capacity to supply an indivehesystem service,
i.e. there is a capacity measure correspondingt¢h ecosystem service
within the chosen set; and (ii) in relation to thasket of ecosystem
services as a whole

» lIdeally, each individual capacity measure will biiaction of the overall
condition thus bringing together the two concepss putlined.

« A distinction is needed between the capacity foeansystem to supply
ecosystem services independent of expected usethendapacity to
supply services taking into account likely use gilevels of demand and
the potential for extraction.

» Each individual capacity may be considered as tasable yield or flow
relevant for the specific ecosystem service. Thasuee should reflect
the estimated annual yield or flow for the forthéoegraccounting period
given the extent and condition of the ecosystenetaasthat time, and
under the constraint that the extent and conditemained unchanged
over the accounting period.

» In cases where high levels of use of the ecosystesat take place, e.g.
through extraction or pollution, it is expectedttiiae condition of the
asset will fall and that actual flows of ecosysteenvices will be higher
than the sustainable flow. This set of circumstaneeuld reflect
ecosystem degradation.

7.45. Considering capacity as relating to individual gstsm services is an
important step forward in an accounting contextceaiit permits a direct link to
discussions of sustainable yield and flow that aedl established in biological
models and resource economics. However, there nsntlaé significant challenge of
understanding the links between ecosystem cap#mitindividual services and the
overall ecosystem condition and the balances/todidebetween different ecosystem
services.

7.46. From an accounting perspective an important byeasot developed aspect
of defining ecosystem capacity concerns the linttwben ecosystem capacity and
ecosystem degradation. In the SEEA EEA ecosystegradation is defined in
relation to the decline in condition of an ecosystesset through economic and other
human activity (SEEA EEA 4.31). This aligns withetlapproach in the national
accounts and in the SEEA Central Framework fordéinition of consumption of
fixed capital (depreciation) and depletion.
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7.6

7.47. The emerging idea is that ecosystem degradation stidlybe related to

declining condition but more specifically in relati to declining condition as it

affects the capacity of an ecosystem to supplyystes services in a sustainable
manner into the future. Since both depreciation deyletion are concepts that imply
a finite asset life the issue of the capacity fastainable supply does not explicitly
arise. However, exactly how capacity should be nakgo account in relation to

degradation and whether this can be done in a mahaeremains consistent to the
accounting principles of the SNA and SEEA Centrednfrework requires further

investigation.

7.48. As discussion continues on defining ecosystem dgpdt is relevant to

highlight that, from a compilation perspective, tlaek of a definition in no way
limits the potential to compile most other ecosystaccounts and indeed the
compilation of these various accounts (extent, it@rd ecosystem services supply
and use) will be important in providing the measugat experience and detail for the
refinement of measures of ecosystem capacity thateing discussed.

Conclusions, recommended activities and research issues

7.49. To be determined
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8.  Valuation in ecosystem accounting

8.1 Introduction

8.1.Regularly, the issue of valuation clouds and camsér discussion of ecosystem and
natural capital accounting. This occurs for mangsoms. For some, the concerns
about valuation relate to valuation implying thatdmllar value” is placed on all
environmental assets and services and that thistisinappropriate and misleading.
For others, the measurement issues are too gréaharenvironment too complex to
consider that useful measures might be compiledallyi there are differences of
view on the purposes, concepts and techniquedatiae to monetary valuation with
opinions often being well entrenched in differectiaols of thought.

8.2.Like SEEA EEA chapter 5, the ambition in this cleapis to provide a possible
pathway through these various issues such thatligeission on valuation in the
context of ecosystem accounting can be undertakeasi an informed way as
possible. The ANCA Research Paper on valuationcosystem accounting (ref#)
provides some additional details and in sectionrbfdrences are made to relevant
documents and materials.

8.3.This chapter is structured in the following way. daction 8.2 the main valuation
principles for ecosystem accounting are outlineavitng out the key points from the
material presented in SEEA EEA chapter 5. In sac8® the key challenges in
valuation are described. Section 8.4 considersaatedata and source materials. The
final two sections provide a summary of recommeiodatin relation to valuation
based on current practice and knowledge and a siynofidhe key issues requiring
further research.

8.2 Valuation principlesfor ecosystem accounting

8.4.At the outset, SEEA EEA recognises that the terduatin can mean different
things. For accountants and economists, valuatiomlinost always used in the
context of placing a monetary price (dollar valee) assets, goods or services. In
other contexts valuation may refer to a more gdneoéion of recognising the
significance of something. In SEEA EEA the focusiisvaluation in monetary terms
but this is not to discount the role or importanéether concepts of value. (A useful
introduction to the way in which non-monetary vaiom may be conducted is
described in Maynard et al 2014)

8.5.Valuation in the SEEA EEA is applied to the valoatiof ecosystem services and to
the valuation of ecosystem assets. There is atdimmection made between these
two distinct targets of valuation whereby the vabfiecosystem assets at any point in
time, for example at the end of an accounting peti®equal to the net present value
of the future flows of ecosystem services thategected to occur. The application
of the net present value technique (explained agtke in the SEEA Central
Framework Chapter 5) is required since there armarkets that exist in the buying
and selling of ecosystems in such a way that theevaf all ecosystem services is
captured.

8.6.From a practical perspective, the need to apply NEN¥niques to value ecosystem
assets implies that the valuation of ecosystemtsass@not be determined directly.
Instead, the asset value relies on the estimatidheovalue of ecosystem services.
Thus in an accounting context the valuation of gst@sn services and the valuation
of ecosystem assets are seen as distinct butd eéeties.

8.7.In terms of the valuation of ecosystem servicesréievant valuation concept for
ecosystem accounting purposes is that of exchaalye.vif there were observable
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markets in individual ecosystem services this valgeild reflect the actual prices
paid by consumers of ecosystem services to thevamieproducers (i.e. the
ecosystems). Since transactions with ecosystemsadrebservable, these exchange
values must be estimated using one of a varienpofmarket valuation techniques.

8.8.Some non-market valuation techniques do not refiatt the value of the exchange
but also incorporate the welfare effects that caseato the consumer of the
ecosystem service. For example, the value of waistracted from a river might be
increased if one also incorporated the positiveatfthat consuming water had on
health and subsequently labour productivity. Whiddues that incorporate welfare
effects may be very useful for assessing differgrimween available choices, these
welfare values are not of direct use in accountngtexts. Consequently, in the
selection of non-market valuation techniques, ik tobbjective is ecosystem
accounting, then techniques must be found thahasti only the exchange value.

8.3 Keychallengesin valuation

8.9.There is a wide range of challenges in valuatiome Tollowing section describes
those that may be most commonly confronted.

8.10. The target of valuation. In the SEEA EEA ecosystamounting model (see
chapter 2) a clear distinction is made betweenystes services and the benefits to
which they contribute. Particularly for provisiogirservices, it is not uncommon to
consider that the market price of the extracteddgémg. fish caught or timber
harvested) is equivalent to the price of the edesyservice. In fact, the market price
reflects the value of the benefit and the appropraice for the ecosystem service
must deduct the costs of extraction and harvestlgaving residual.

8.11. Unfortunately, in some cases, this residual maydrg small or negative (for
example in the case of abstracted water or opessadishing) and consequently the
implied price of the ecosystem service would be/Jew, zero or negative. A clear
resolution of this matter is required since while tesidual or resource rent technique
would lead to the derivation of exchange valuess¢hvalues would seem to not
reflect the broadening of the production bounddrgt tunderpins the ecosystem
accounting approach.

8.12. A second aspect concerning the target of valuatighe distinction between
the valuation of ecosystem services and the valnatif ecosystem assets. Within
ecosystem accounting, the valuation of ecosystamtaseflects the overall value of
a given spatial area and is estimated by aggregdkia net present value of all
relevant ecosystem services.

8.13. Consistency in the use of valuation concepts acknigues. For ecosystem
accounting, since the ultimate objective in valuatis the integration of data with the
standard national accounts, it is essential tocaugaluation concept that is consistent
with the accounts. SEEA EEA describes the apprtgpdancept as exchange values,
i.e. the prices that arise at the time of exchdegereen buyer and seller. If exchange
values are not used to estimate the value of etamsyservices then there will be no
consistent integration with the standard natiocabants.

8.14. The use of a consistent valuation concept doesimply that the same
estimation technique must be applied in all cirdamses. Indeed, a variety of
different techniques are likely to be required ¢wer the range of situations and the
different types of ecosystem services. Section distusses possible valuation
techniques.

71



8.15. Scaling and aggregation. Often studies on the tialuaf ecosystem services
are completed with regard to specific ecosystemices in specific ecosystems. A
significant challenge from an ecosystem accountpayspective is therefore
translating these “point” estimates into informatithat can be applied at broader
scales. This challenge is generally considered nuthdebanner of “benefit transfer”.
A range of techniques have been developed somehathware considered more
refined and appropriate than others.

8.16. Valuation of requlating services. For most provigig services there is a
connection to market values of benefits that cawige a base for measurement. This
is also true for some cultural services (such assehrelating to tourism and
recreation). However in the area of regulating iser/such connections to marketed
benefits is unusual. Indeed, for regulating sewvitecan be difficult to appropriate
define and measure the actual physical flow ofgice since often the service is
simply part of ongoing ecosystem processes ratier & function of direct human
activity — for example air filtration and carborgsestration.

8.17. The measurement of non-use values. An important gfathe value of
ecosystems from a societal perspective can liedmbn-use values that a reflected in
various cultural services provided by ecosystemetassThese values include
existence values (based on the utility derived fkmowing that an ecosystem exists);
altruistic value (based on utility derived from kving that someone else is benefiting
from the ecosystem) and bequest value (based bty derived from knowing that
the ecosystem may be used by future generationghig\point there are relatively
few studies in this area of valuation and the mashioy which exchange values for
these types of use may be defined.

8.18. The valuation of ecosystem assets with respecttd.lIn estimating the
value of ecosystem assets at exchange values @oetant consideration is the value
of land that is commonly traded in markets. Depegdin the circumstance, values
of land will incorporate the value of some ecosysgervices but they are unlikely to
capture the value of all of the ecosystem servjasicularly those that are of a
public good nature. Further, market based landeglwill incorporate elements of
value that are not dependent on ecosystems. Cogrsthguwhen considering the
integration of ecosystem asset valuations intotiexjsnational accounts balance
sheets some adjustments will be required to erthamre is no double counting or
gaps in valuation in the estimation of total neaitre

8.19. The valuation of biodiversity and resilience. Biggtisity and resilience are
considered in SEEA EEA more as characteristics cosgstem assets and not as
ecosystem services. Consequently, they are nottldirealued using the general
approach outlined and, even within the valuationeofsystem assets the relative
contribution of biodiversity and resilience are ikaly to be identifiable. Further
consideration on how these aspects of ecosystenbmaglued is required.

8.20. Uncertainty in _measurement. While there is alwayscettainty in
measurement, the valuation of ecosystem servioels t® bring together a number of
uncertainties into one place. SEEA EEA (section4).éxplains these uncertainties in
more depth here they are simply listed: (i) undetyarelated to the physical
measurement of ecosystem services and ecosystets;ay uncertainty in the
valuation of ecosystem services and assets; (idgrainty related to the dynamics of
ecosystems and changes in flows of ecosystem esrviv) uncertainty regarding
future prices and values of ecosystem services.
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8.4 Relevant data and source materials

8.21. The SEEA EEA Chapter 5 suggests a logic in theatedo process such that
the first step must be to determine the purposevalfiation, with ecosystem
accounting being one among a number of purposesedBan the purpose, the
appropriate valuation concept can be determined. déosystem accounting the
exchange value concepts is appropriate. Finallgwkng the concept a choice can be
made between various valuation techniques suclhthibaxchange value concept can
be consistently applied across different ecosystermices.

8.22. A number of valuation techniques have been constleppropriate for
measuring exchange values although further disoussa this topic is required as it
has generally not been a focus on the ecosystewcegrvaluation literature. The
SEEA EEA Chapter 5 outlines a number of these ambres and an updated
summary of valuation techniques is provided in €ahll.

8.23. In terms of implementation, valuation exercisequneg] in the first instance,
estimation of physical flows of ecosystem servicdsese flows are then multiplied
by a relevant price in order to estimate the valiithe flows. By their nature, flows
of ecosystem services must be valued in this wagasdrement information on
physical flows of ecosystem services, as outlinedChapter 5, is thus of direct
relevance.

8.24. In terms of estimating prices usually it is necegda seek out studies that
have estimated a price for the relevant ecosystemices in a particular ecosystem.
There are a number of databases that house relstvaties including the Ecosystem
Services Valuation Database (ESVD) that has builthe original work of the TEEB
study and the Ecosystem Valuation Toolkit by Edgonomics. A useful link to
these and other valuation databases is on the &ens\Services Partnership website
(see http://www.fsd.nl/esp/80136/5/0/50).

8.25. Additional support for applying valuation in natanaccounting contexts
includes materials from the UNEP Ecosystem Seniiazasiomics unit, the materials
developed as part of the TEEB study, and work ua&en within the World Bank
WAVES project. It is noted however, that generdhgse materials are not explicit
about the valuation concept being applied and hériseoften unclear as to whether
the approaches and recommendations are suitabéedsystem accounting purposes
in terms of measuring exchange values. Nonetheless;onjunction with the
discussions in SEEA EEA Chapter 5, these matesiatsild provide a reasonable
base for investigating the valuation of ecosystemises at national level.
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Table 8.1 Summary of valuation methods and their usein ecosystem accounting

Valuation method Description Comments Suitability for
ecosystem accounting
Unit resourc rent Prices determined by| Estimates  will  be| In principle this
deducting costs of affected by thg method isappropriate
labour, produced property rights and but consideration o
capital and| market structure$ market  structures i
intermediate inputs surrounding required.
from market price of production. For|

outputs.

example, open acce

fisheries and market
for water supply oftern

generate low or zer
rents.

bS
]

D

Production function

methods

Prices obtained b
determining the|
contribution of the
ecosystem to a markg
based price using &
assumed productio

function.

otthe
nregulating
nMay be difficult to
estimate the productio

In principle analogous
rent by

to resource
generally focused o
valuation

functions.

of
services

5 Appropriate provided
tthe market based prig
N being decompose
refers to a produc
. rather than an asset
e.g. value of housin
nservices rather than th
value of a house.

Ll = )]

D=

Payment for Ecosystern
Services (PES
schemes

are obtaine
markets  for|

regulating
services (e.0. in
relation to carbon
sequestration)

nPrices
from
specific

d Estimates
affected by the type o

will

market structures put i

place for each PES (s¢

SEEA EEA 5.88-94)

be

Possibly appropriate
f depending on  the
nnature of the marke
pestructures.

Hedonic pricing

Prices are estimated
decomposing the valu
of an asset (e.g. houg
block) into its
characteristics an
pricing each
characteristic throug
regression analysis T

byery data
eapproach
seseparating

out

effects  of

difficult.

intensive
and
thg
different
i characteristics may b

Appropriate in
principle. Heavily useg
2in  the pricing of
computers  in  the
enational accounts.

Replacement cost

Prices  reflect
estimated cost 0
replacing a specifid
ecosystem service
using produced capits
and associated inputs.

th&his method

sunderpinning
lsupply of the service
and an ability to find g

require

f an understanding of th
function estimation of the cost|
the

ecosystem

comparable “produced

5 Appropriate under the
eassumptions (i) that the
5
reflects the ecosystem
> services being lost and
is least-cost treatment

and (ii) that it would be

method of supplying expected that society

the same service. would replace the
service if it was
removed. (Assumption
(i) may be tested using
stated preference
methods.)

Damage costs avoided
Costs of treatment

[Prices are estimated
terms of the value o
production losses o
damages that woul
occur if the ecosysten
services were lost o
degraded.

f
v
0
n
r

nMay be challenging tg
the

determine
contribution  of
ecosystem service.

an

Appropriate under the
assumptions (i) that the
estimation of the costs
reflects the ecosystem
services being lost and
is least-cost treatment
and (i) that it would be
expected that societ
would repair  the
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damage if it occurre
(Assumption (i) may|
be tested using stated
preference methods.)

Averting behaviol Prices are estimate| Requires ai| Likely inappropriate
based on individuals understanding of since it relies on
willingness to pay for individual preferences individuals being aware
improved or avoided and may be difficult tg of the impacts arising
health outcomes. link the activity of the| from environmenta
individual to a specifid changes.

ecosystem service.

Restoration cost Refers to the estimatethe main issue here islnappropriate since it
cost to restore anthat the costs relate tojladoes not determine ja
ecosystem asset to arbasket of ecosystemprice for an individual
earlier, benchmark services rather than [aecosystem service.
condition. specific one. Moreg
Should be clearly often used as a means
distinguished from the to estimate ecosystem
replacement cost degradation but therg
method. are issues in it$
application in  this
context also.

Travel cos Estimates reflect th| Key challenge here | Possibly appropriate
price that consumersdetermining the actugldepending on thg
are willing to pay in| contribution of the| estimation technique
relation to visits tol ecosystem to the totaland whether  the

D——P

recreational sites. estimated willingness approach provides an
to pay. There are alspexchange value, i.e.
many applications of excludes consumer

this  method  with| surplus.
varying  assumption
and techniques bein
used with a commor
objective of estimating
consumer surplus.

S50 N

Stated preferen: Prices reflec| These approaches ¢| Inappropriate since
willingness to pay from generally used todoes not measurg
either contingent estimate consumerexchange values
valuation studies of surplus and welfare
choice modelling. effects and within the
range of techniques
used there can be
potential biases that
should be taken intp

account.
Marginal values fron| Prices are estimated || This method can use| Appropriate since
revealed demand utilising an appropriate demand functions aims to directly|
functions demand function and estimated through measure exchange

setting the price as ptravel cost, state values but the creation
point on that functiorl preference, or avertingof meaningful demand
using (i) observed behaviour methods. functions and
behaviour to reflect The use of supply estimating hypothetical
supply (e.g. visits tg functions has beenpmarkets may be
parks) or (ii) modelling| termed the simulation challenging.

a supply function. exchange method
(Campos & Caparrog,
2011)
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8.5 Conclusions

8.26. To be developed based on further discussion. Afé@ys will need to be the
need for research on the development of valuateohriiques aimed at measuring
exchange values. Based on Table 8.1 there aremuitber of candidate methods but
more direct accounting related valuation invesigyais required.
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9.

9.1

I ntegrating ecosystem accounting with standard economic data

I ntroduction

9.1.Ultimately, the integration of ecosystem accountiaged information with standard

economic data is the key driver for this work witlhe context of the SEEA. This
reflects that the SEEA has been developed as amsytsiat extends and complements
the standard economic accounts structured followliegSNA. Indeed, for many, the
prime ambition of applying the SEEA is the devel@mnof adjusted measures of
national income that take into account environmenfarmation, for example in the
form of depletion or degradation adjusted measof€zDP.

9.2.The reality that emerges from the development ef SEEA EEA and its testing is

that adjustments to national income for ecosystegratlation cannot be regarded as
straightforward or direct. Indeed, what has emergedecent years is the need to
consider the series of issues outlined throughSIEEA EEA and in this Technical
Guidance concerning spatial units, scaling and exgdion, ecosystem services,
ecosystem condition and capacity and valuation,;anmhers.

9.3.As a result while a theoretical framework for irtgd accounting of ecosystems and

economic activity is largely in place, its implent&ion represents the end point of a
series of steps of compilation (described in seci®) and also requires a range of
assumptions on the nature of the require valuaiwhintegration. Compilers should
recognise that these long standing matters atehsilsubject of ongoing discussion
and no definitive resolution has yet been found.

9.4.This chapter builds on the text provided in SEEAAEEhapter 6 and summarises

some of the key points that should be recognisepuiisuing full integration with
standard economic data.

9.2 Stepsrequired for full integration with the national accounts

9.5.Historically, the approach to integrating ecosystegtated information with the

national accounts has moved directly to the questiothe valuation of degradation
and the appropriate recording and allocation ofraggfion in the accounts. This is
characteristic of the primary approaches outlingdnhtional accountants (see for
example, Harrison 1993 and Vanoli 1995) and aga&mahstrated by Bartelmus
(2015). However, the question of exactly how thednation should be undertaken
has never been fully resolved.

9.6.As explained in SEEA EEA and also in recent literat(e.g. Edens and Hein, 2013)

the emergence of the concept of ecosystem servibas allowed a
reconceptualization of the integration with theio@dl accounts. It is this new basis
for integration that is reflected in the SEEA EEA.

9.7.Through the concept of ecosystem services theviollp (generalised) steps toward

integration become apparent

i. Delineate the relevant spatial areas to create atiytexclusive
ecosystem assets

ii. Measure the generation of ecosystem services farh ecosystem
asset

iii. Measure the monetary value of all ecosystem sesvice
iv. Measure the condition of each ecosystem asset
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v. Assess the future flows of ecosystem services feaoh ecosystem
asset based on consideration of the condition amphdity of
ecosystem assets

vi. Estimate the net present value of the future flofveach ecosystem
service and aggregate to provide a point in tim@mese of the
monetary value of each ecosystem asset

vii. Estimate the change in net present value over eouating period
and determine the monetary value of ecosystem datioa

viii. Integrate values of the production and consumptibrecosystem
services, the value of ecosystem degradation aedviiue of
ecosystem assets into the standard economic ascount

9.8.It is clear from this list, which itself is somewvitatylised, that the full integration of
ecosystem accounting information into the standaedional accounts is not
straightforward. At the same time, maintaining wihmist be a longer term objective
of integration gives a clear purpose and ratiofiaehe selection and structuring of
the ecosystem information that is required in ttelye phases. Further, the
information organised in the early phases is likelybe of direct usefulness for
decision making and monitoring in its own right.rSequently, while the objective
of full integration may be challenging, it plays iamportant part in framing the SEEA
EEA approach to ecosystem accounting.

9.9.The measurement issues relating to the initial ssteptlined above have been
described in earlier chapters in this Technical dance. This chapter discusses
measurement issues related to steps vi to viis Itnportant to recognise that the
content of this chapter is largely in the realnon§oing research and at this stage full
integration of ecosystem accounts with the standatiibnal accounts is likely to be a
medium to longer term objective at national level.

9.3  Therole of combined presentations

9.10. A more immediate means of combining the informatfoom ecosystem
accounting with the standard national accountsyisneans of so-called combined
presentations.

9.11. Combined presentations are described in the SEEAtr&eFramework
Chapter 6. In essence they are tables that sufhi@presentation of information from
a variety of sources in a manner that facilitateshjgarison between economic and
environmental data. This is achieved by consigisatof common classifications and
accounting principles.

9.12. Two examples with respect to ecosystem accountiadinthe provision of
information for specific ecosystem assets (spatiahs) of changes in condition of
the asset alongside information on the expendituresnvironmental protection in
that same area; and (ii) information on the flowg@osystem services generated by
an ecosystem asset combined with information orvéhge of economic production
from that asset (a specific example here mightdmeparison of a farm’s income with
the value of ecosystem services generated froredime farm area).

9.13. SEEA EEA Chapter 6 provides some additional commémtrelation to
combined presentations. The main point here isttigge is considerably flexibility in
the design of combined presentations. While theyalorepresent a full integration
of information they may support a more informedcdssion of the relationship
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between ecosystems and economic activity, andrtiegyhelp underpin presentation
of monitoring type information and indicators.

9.4 Integrated accounting structures

9.14. Chapter 4 introduced two types of integrated actoimthe context of the
broad suite of ecosystem accounts. In this sedtiose two types of accounts —
augmented input-output tables and integrated secttounts and balance sheets are
described in more detail.

9.4.1 Augmented input-output tables

9.15. The augmented input-output table represents the ficcount in which
explicit consideration must be given to the bouretabetween the current economic
measures and measures of ecosystem services i t@fnthe structure of the
accounts. The ambition in the augmented input-dutpble is to present the
information on the supply and use of ecosystemices\as extensions to the standard
input-output table.

9.16. There are two key aspects to this extension. Fesglling that the ecosystem
accounting model implies an extension to the stah@eoduction boundary, the set
of products within scope of the input-output talsl&roader and hence the size of the
input-output table must grow. This can be doneufhothe addition of new rows
(representing the ecosystem services).

9.17. The requirement here is to ensure that these deosyservices are
distinguished clearly from the products that aneady within the standard input-
output table — i.e. the SNA benefits. For theseelitm the relevant ecosystem
services represent the intermediate consumptiorthef producers of the SNA
benefits. For ecosystem services that contributecto-SNA benefits then both the
ecosystem services and the new benefits needaddesl in — in effect the ecosystem
services are inputs to the production of the norx®inefits.

9.18. It is noted that while conceptually it would be pibde to extend the input-
output table to incorporate both final and interiatsl ecosystem services, it is
recommended that the extension be limited to fewasystem services. In part this
reflects that if intermediate services were alsbamdded then the complexity of the
table would be increased but also that from anyginal perspective there is little
gain. The focus of the augmented input-output tablen the link between the
economy and ecosystems and this requires onlysiaeiwf final ecosystem services.
Put differently, from a production perspective tlm@termediate services net
themselves out. Further, the analysis of the inteliate services and hence flows
between ecosystems may be analysed using data tlemecosystem services
generation and use tables.

9.19. The second key aspect to the augmented input-otaplé is that additional
columns are required to take into account the prioin of ecosystem services — i.e.
the ecosystems are considered additional produgiitg alongside the current set of
establishments classified by industry (agriculturgnufacturing, etc). Given that
input-output tables are generally compiled at matidevel it may be sufficient to
introduce simply one additional column to cover tireduction of all ecosystem
services. In this case the detail would be covarebe ecosystem services generation
account. However, there may be interest in addiolgmns by type of LCEU
(ensuring aggregation to national level) or by #peEAUSs that cover the country.
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9.20. While in principle the structure of an augmenteguinoutput table may be
estimated in both physical and monetary terms, liers suggested that only
compilation in monetary terms is undertaken. Thebjem in physical terms is that
the table can only be interpreted and balancedhéf 4ame measurement unit is
applied for all of the products in scope (both gsteam services and others). The
measurement of economy wide - material flow accotmats developed over the past
20 years where all products inside the standardymt®dn boundary are measured in
tonnes but this approach is not advocated in tHEASEF and its extension to cover
ecosystem services has not been developed.

9.21. A related augmentation of standard input-outpulealare environmentally-
extended input-output tables (EE-IOT). These taldes increasingly compiled,
including at regional and world levels, for the lgsis of embodied GHG emissions,
water and similar environmental flows. An introdoaotto EE-IOT is contained in
SEEA Applications and Extensions Chapter 3.

9.22. The distinction here is that for EE-IOT information environmental flows
is simply appended to the standard input-outpdetabd then matrix algebra is used
to integrate the data for analytical purposes. Whaequired is that the information
on environmental flows is classified and structuredhe same manner as for the
standard input-output data. Further, the additiam@rmation may be in physical or
monetary form even while the standard input-outfais remain in monetary form.

9.23. For the augmented input-output table envisioned,itbe ecosystem services
are integrated within the standard input-outputetabflecting the extension of the
production boundary. This is an important and digant development. It is noted
however that using EE-IOT techniques it is posstblanalyse selected ecosystem
services without developing a full augmented inputiput table.

9.24. An important result of integrating the flows of egetem services in this way
is that it is clear how the commonly discusseddafi“double counting” is managed
in a straightforward manner in a national accounsgetting. Quite commonly, there
is concern that integrating ecosystem services thi#mational accounts will result in
double counting if certain flows are included. Tétglised presentation in Table 9.1
demonstrates that double counting is avoided peavitiat the series of entries from
production to use through the supply chain are roEmb appropriately. The gross
basis of recording that is used in Table 9.1 iddnthe most transparent manner in
which double counting is dealt with for accountmgposes.

9.25. Table 9.1 is a stylized supply and use table ardivigled into three parts.
Part A reflects a standard recording, i.e. no estesy services, of timber production
for furniture purchased by households. The recaordgmores all other inputs and
potentially relevant flows (e.g. labour costs, itatargins).

9.26. Part B extends this recording to include the fldwhe provisioning service
of timber from the ecosystem asset (the foresthhéoforestry industry. The main
effect is to partition the value added of the fanesdustry between the industry and
the ecosystem asset. Note that the overall valdedads unchanged (at 80 currency
units) even though total supply has increased. Tafkects the increase in the
production boundary and demonstrates how the atiogufnamework deals with the
challenge of double counting.

9.27. Part C introduces a second ecosystem service, ila@mtion, which is
generated by the ecosystem asset. Again total ptiodus increased but in this case
value added also rises since the additional pra@lugs not an input to existing

products. The increase in value added is alsocteflein increased final demand of
households.
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Table 9.1: Integration of final ecosystem services with current national accounts
estimates

Ecosystem Forestry Manufacturing | Households TOTAL
asset (Forest) industry industry Final
Demand

PART A
Supply

Logged timber 50 50

Furniture 80 80
Use

Logged timber 50 50

Furniture 80 80
Value added (supply less u 50 3C 8C
PART B
Supply

Ecosystem service — growth| 30 30
in timber

Logged timber 50 50

Furniture 80 80
Use

Ecosystem servic— growth 30 3C
in timber

Logged timber 50 50

Furniture 80 80
Value added (supply less use) 30 20 30 80
PART C
Supply

Ecosystem service — growth| 30 30
in timber

Ecosystem service — air 15 15
filtration

Logged timber 50 50

Furniture 80 80
Use

Ecosystem service — growth 30 30
in timber

Ecosystem service — air 15 15
filtration

Logged timber 50 50

Furniture 80 80
Value added 45 20 30 95

9.4.2 Integrated ecosystem institutional sector accounts and balance sheets

9.28. Beyond the augmented input-output table which istexy ecosystem
services information into the standard structures rheasuring production and
consumption, it is relevant to also integrate estesy information into the broader
sequence of accounts and balance sheets of the Bi¢Ageneral logic and structure
of the sequence of accounts is described in detdile SNA and summarised in the
SEEA Central Framework, Chapter 6. The focus isdhegccounts moves away from
industry level information on production and congtion and instead focuses on
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sector level (i.e. corporations, governments, hioolsis) income, saving, investment
and wealth.

9.29. Chapter 6 of SEEA EEA describes the possible semuehaccounts where
there is integration of information on ecosystergrddation in particular. The SEEA
EEA is not definitive however and no clear resamtiof the way in which
degradation might be allocated has been determiDetermining an appropriate
allocation of degradation requires making judgermenn the attribution of the
impacts of economic activity on the environmente3& impacts may occur in areas
well away from the source of the impact, may odouime periods well in advance
of the impact, and may be unknown to the relevamt. un addition it is not
necessarily clear in what way the loss of beneffiplying to the impacted sectors
should be related to the income of the sector ngusie impact. These matters have
been debated at length in the national accountomnounity without any clear
resolution. It may well be that, as stated in tBES EEA, the choice of structure for
the sequence of sector accounts should dependtdypéd of question being posed.

9.30. One of the main functions of the sequence of adsoisnto demonstrate the
linkages between incomes, investment and balaneetsiand in this context, a key
feature of the standard sequence of accounts gttfileution of consumption of fixed
capital (depreciation) to sectors as a cost againsime.

9.31. The significance of developing a sequence of adsodhat integrates
ecosystem information is two fold. First, it is these accounts that the cost of
ecosystem degradation can be attributed to indalidactors and linked, at the same
time, to changes in net wealth. Second, the efitextending the asset boundary of
the standard national accounts to include vari@gulating and cultural services
from ecosystems can be seen in an extended baheee

9.32. From an implementation perspective, it should beogaised that the
compilation of a sequence of institutional sectmroaints and balance sheets is not at
all straightforward. It relies on compilation ofgrggated data for ecosystem services
and ecosystem assets in monetary terms and heioceation in all of the accounts
described above will be required before a sequeheecounts can be compiled. In
that sense, the completion of these accounts st@uttnsidered of low priority and
it is likely that significant benefits can arisern placing priority on the completion
of the accounts listed above in the first instangarticularly those concerning
ecosystem condition and the generation of ecosyseswices.

9.5 Keychallengesin full integration

9.5.1 Allocation of ecosystem degradation to economic units

9.33. One of the most longstanding challenges in devetpdully integrated
accounts is the measurement and allocation of etersydegradation. The SEEA
Central Framework proposes a means by which thietii@p of natural resources can
be incorporated within the standard sequence obumts of the SNA. This step
recognises that the using up of natural resouscascost against future income of the
extractor that should be attributed to the extracto

9.34. While such depletion due to natural resource etitnads a component of
ecosystem degradation, in concept degradationoader since it also incorporates
the cost of reducing the future generation of albbsystem services, not only the
provisioning services from natural resources insgstems. Unfortunately, it is
commonly the case that the loss in ecosystem dondiind capacity that arises due
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to economic and human activity may be difficultdivectly attribute to individual
economic actors.

9.35. A number of alternative approaches to dealing Witk allocative issue have
been suggested. Perhaps the most obvious is thdetiradation should be attributed
to the economic unit that caused the degradatiosasuming that this can be
determined. It may be made difficult due to distarce. impacts are felt in
neighbouring ecosystems) or due to time (i.e. whenmpacts become evident after
the activity occurred). Due to both of these fagtitie appropriate economic unit (i.e.
the unit who should be shown as bearing the coat) mot be the manager or owner
of a particular ecosystem asset. Further, sinceipalydegradation of an ecosystem is
likely to impact on the generation of multiple egstem services received by various
beneficiaries assessing the overall impacts is texnp

9.36. These factors are all quite distinct from the eatiom of depreciation (or
consumption of fixed capital) for produced ass@&epreciation can be directly
attributed since there is only one owner/user wateives all of the benefit/services
of the asset (in the generation of output and irjom

9.37. Overall, the issue of allocation ecosystem degraddtas not been resolved
and remains on the research agenda.

9.5.2 Valuation of ecosystem degradation

9.38. Together with this challenge of attribution, a rargf valuation approaches
for ecosystem degradation have been suggestede Hnedescribed in SEEA EEA
section 6.3.3. The approach that emerges fromdbgystem service based valuation
approach described here is that the value of etmaydegradation will be equal to
the change in the net present value of an ecosyass®t putting aside changes in
value that are not due to economic and human gctiwi this sense the valuation will
directly reflect the loss of future ecosystem seasi

9.39. The most commonly used alternative to valuing est@sy degradation is the
use of restoration (maintenance) cost approacheh &proaches were suggested in
the original 1993 SEEA and have been applied mecently in the CBD ENCA
QSP. Generally speaking, restoration cost appr@aahe not well accepted by the
economic community (need references). In accourténms as well, recent work
suggests that they are not, as commonly impliedjvagent to what is done in
estimating depreciation of fixed capital (see Céastl VVardon, 2014). There is no
doubt that estimating potential restoration cosippfies an important piece of
information, particularly for planning purposesidtless clear that it supplies a good
estimate of the value of ecosystem degradation.

9.40. A more recent suggestion for the valuation of estesy degradation has
emerged from discussion on ecosystem capacity.ubfrthis discussion the idea has
arisen of estimating the net present value of v bf services represented by an
ecosystem’s capacity at any given point in timesT# distinct from the net present
value of the flow of services that are expecteddrur. The change in the NPV of the
ecosystem capacity might be a more appropriatenatti of the effect of the
reduction in future income that arises from a declin ecosystem condition.
However further investigation of the national aauiing aspects of this approach is
required.
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9.5.3 Integrating balance sheet valuations

9.41. Perhaps the most significant measurement challenfiél integration is the
need to generate balance sheet values for ecosgstggts on a consistent basis with
the items already recorded on the national balaheet as defined by the SNA. In
the absence of observed market prices for ecosyatsets the logic of the SEEA is
that the value of the asset would be equal to #igresent value of the future flows
of all relevant ecosystem services.

9.42. As with all NPV based approaches this requiresougriassumptions (see
SEEA Central Framework Chapter 5) including estingathe future rates of use and
extraction and applying appropriate discount raistimating the future rates of use
of ecosystems must in turn imply an understandihthe likely mix or basket of
ecosystems that will occur in the future and alss likely impact of generating this
assumed basket on the future condition of the etesy asset. As discussed in
Chapter 7, reaching these understandings on eeosysapacity is a significant
challenge.

9.43. It is the case that some parts of the value ofystes assets are reflected in
the value of assets currently recorded on natibakdnce sheet. The most obvious
example is the value of agricultural land which musasonably, be considered to
incorporate the value of some of the ecosystemicgsrwsed by farmers in the
production of agricultural goods. Similar logic Wwo@pply in the case of forests.

9.44. However, as explained at some length in SEEA EEAti@ge 6.4.2,
untangling the overlap in valuations is likely te tomplex. It is certainly not simply
a case of adding on to the current balance shbets/dlue of ecosystem assets
obtained by summing the NPV of a basket of ecoaystrvices.

9.45. Given this challenge, an intermediate step may Hege dompilation of an
ecosystem asset account that shows, in monetang téne opening stocks, additions
and reductions in stocks and closing stocks folsgstem assets as a stand alone
account. This may then be compared to current SHged balance sheet entries,
particularly for land and natural resources, aseams of understanding the potential
differences and the significance of the recognitadnecosystem services that are
currently outside the production boundary.

9.46. In the comparison of values of ecosystem asseth wdlues currently
incorporated into SNA balance sheets, it is impurta recognise the different scopes
of environmental assets. In broad terms, the SNlanoa sheets will have lower
values for environmental assets as a result oSt#HEA EEA including the values of
additional ecosystem services. At the same timeStRBEA EEA values of ecosystem
assets do not cover all environmental assets — matstbly sub-soil mineral and
energy resources. Hence the value of ecosystertsad=mdéved following the SEEA
EEA will be lower than the value of environmentakets given this smaller scope.
The effects of these two differences will vary fraountry to country.

9.5.4 Application of integrated approaches for individual ecosystem assets

9.47. A final challenge in the area of integrating the@amts arises when aiming
to apply the accounting approach at the level dividual ecosystem assets. Recall
that the valuation of an ecosystem asset is dyraeflated to the basket of final
ecosystem services that are expected to be gedidrate an asset. At the level of
individual ecosystem assets however, there wilkkdmes where an asset supplies few
or no final ecosystem services (for example, a Imgluntain forest) but rather plays
a supporting role in supplying services to neighlmuecosystems. In this situation
an ecosystem asset may be recorded as having zeretary value and instead its
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value is embodied in the value of the neighbourgagpsystems. While at an

aggregate, national type level this may not begaificant issue, it is likely to be of

concern if attribution of value is being examinedocounting is being undertaken at
smaller sub-national scales. Resolution of thisidssequires the incorporation of
intermediate services into the ecosystem accountindel in a far more explicit

manner, something that is high on the researchdagen

9.6 Alternative approachesto integration

9.48. If in fact the longer term objective is not fulltégration with the standard
national accounts, then integration of ecosysterd aconomic data may be
considered in different ways. Three alternativegnated approaches are summarised
here.

9.49. A well developed approach is usually referred tevaalth accounting which
has developed as a branch of economics since tdelBW0s. Underpinning its
approach is that sustainability in aggregation aom#ion and incomes requires non-
negative changes in aggregate wealth based orhiea work of Weitzman (1976).
Wealth accounting seeks to aggregate the value llofelevant assets/capitals
including produced, natural, human and social eaplthe most prominent work has
been completed by the World Bank (The Changing Weal Nations, 2011) and
measures of inclusive wealth by UNU-IHDP and UNEReir methods vary in the
detail but they are broadly similar approaches.

9.50. In concept, wealth accounting aims to value eacinfof capital in terms of
its marginal contribution to human welfare (Dasgu®009). By doing so shadow
prices are estimated for each asset type. Froni@nahaccounting perspective while
a focus on marginal prices is appropriate, estwnatif the contribution to welfare is
different from a focus on exchange value. None8tegven the purpose of wealth
accounting the conceptual approach to integrat®onquite appropriate. In practice
however, often values for produced capital from stendard national accounts are
used which are based on exchange values and Hereemay be a lack of alignment
between the valuation approaches for differenttabmpiFor natural capital, it is clear
that the use of exchange values for ecosystemcssrwould not correspond directly
to the conceptual requirements of wealth accounditigopugh there will be strong
connections between the two approaches.

9.51. Another approach to integration builds on the ukeestoration costs as a
measure of ecosystem degradation to create ecaloligdilities on the national
balance sheet. That is, unpaid restoration coatsaitise when an ecosystem declines
in condition are treated as a liability. This aparo is described in the CBS ENCA
QSP and has also been suggested for use at theraterpevel by the UK Natural
Capital Committee. From a national accounting pegtpe there are a number of
difficulties with this approach

» First, there is the question of whether restoratiosts are a suitable estimate
of ecosystem degradation. This is discussed in teh&p

» Second, there is a question of when liabilitiesusthdoe recognised. If there
is no expectation that the restoration will takecgl then, at least for
accounting purposes, no liability should be recsegi In effect, recognising
these liabilities is a policy or analytical choiher than an application of
accounting principles.

« Third, if a liability is recognised then all elseibg equal net wealth will fall.
However, since the recognition of the liability lesfts the degradation of an
asset there will be both a fall in an asset antharease in a liability for the
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same event thus implies a double counting on tlenba sheet. This issue
does not arise in accounting for depreciation whbeeeonly balance sheet
change is the fall in the asset value. A solutiooud be to record the
liability but keep the ecosystem asset value ungédrbut this seems quite
counter-intuitive.

9.52. Overall, while recording ecological debts seemsaetive and may be a
useful tool in communicating the extent of ecosystdegradation, it has some
deficiencies in terms of its consistency with nasibaccounting principles.

9.53. The final integrating approach noted here is thditilbcost accounting which
is an accounting approach that has developed iodiporate accounting world. The
intent behind full cost accounting is to estimatel aecord the broader costs of a
companies activities on the environment as patheif ongoing operating costs. For
example, the costs of GHG emissions and the relefagellutants are common areas
of interest. Such information may be helpful irmage of management situations.

9.54. From an ecosystem accounting perspective a fewtpoan be noted. First,
the approach largely excludes consideration ofystem services in terms of these
flows representing inputs to the production procddence, within the full cost
accounting approach there is no change in the atdngroduction or income
boundaries.

9.55. Second, there is no recognition of ecosystem aasepart of capital base of
a company and hence no impact on the companiesdeakheet or recording of
ecosystem degradation.

9.56. Third, the incorporation of costs associated wahidual flows (emissions,
pollutants etc) is not something undertaken diyeatl ecosystem accounting. In
broad terms this reflects the valuation of a corgfsamegative externalities and
externalities are specifically excluded from theiovaal accounts. It may be that in
fact the attribution of these costs is part of asuee of ecosystem degradation but
further work to understand the links between th&uation of externalities and
ecosystem accounting is required to consider tésiipn.

9.57. Overall, while full cost accounting does represgribrm of integration it is
somewhat limited in scope relative to the ambitiohecosystem accounting.

9.7 Conclusions
9.58. To be drafted following further discussion
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