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Preface

Ecosystem accounting is a relatively new and emgrdield dealing with integrating complex
biophysical data, tracking changes in ecosystendsliaking those changes to economic and other
human activity. Considering the increasing demamdsfatistics on ecosystems within analytical and
policy frameworks on environmental sustainabilibyman well-being and economic growth and
development, there has been an increasing urgeraaviance this emerging field of statistics.

Although considerable experience exists in relaeghs of statistics such as land cover and land use
statistics, the integration of these and otherrinftion into an ecosystem accounting framework is
new. Also, there is considerable existing expeitighe ecosystem sciences and economics fields tha
is relevant, and again it is the focussing of thdifferent areas of expertise on the proposed etesy
accounting approach that is new.

At its forty-fourth session in 2013, the United Mas Statistical Commission welcomed the System
of Environmental-Economic Accounting 2012 - Expeittal Ecosystem Accounting (SEEA-
Experimental Ecosystem Accounting) as an imporfast step in the development of a statistical
framework for ecosystem accounting. It further emaged the use of SEEA-Experimental Ecosystem
Accounting by international and regional agencies eountries wishing to test and experiment in this
new area of statistics. In taking these steps thieed Nations Statistical Commission recognized the
growing policy demand for information about ecosyss and the linkages to economic and other
human activity.

SEEA-Experimental Ecosystem Accounting providegrdhesis of the current knowledge in this area
and provides a starting point for the developmémicosystem accounting at national and sub-national
levels. It represents an important step forwardceoosystem accounting, providing a common set of
terms, concepts, accounting principles and clasdifins; an integrated accounting structure of
ecosystem services and ecosystem condition infdotkical and monetary terms; and the recognition
of spatial areas as forming the basic focus forsuesanent.

The framework and associated accounts describ&EBA-Experimental Ecosystem Accounting are
a complement to the conceptual framework and adsopresented in the international statistical
standard for environmental-economic accountinge-SEEA-Central Framework. Its complementary
nature lies in four main areas: (i) the use ofshme accounting principles, accounting structunes a
classifications thus allowing the measurement afsgstem conditions and ecosystem services in
conjunction with each other and in conjunction wstandard measures of economic activity; (ii) the
use of a systemic view of relationships betweeniticividual environmental assets (for example,
timber, water, and soil resources) that are defimethe SEEA-Central Framework; and (iii) the
capacity to undertake assessment of environmeanizddgts of economic and other human activity to
complement the measurement of environmental presghat is a general focus of accounts in the
SEEA-Central Framework and (iv) the use of a rigsrepatially based approach to measurement that
complements the generally national level focuscobanting in the SEEA-Central Framework.

In this context the development of ecosystem adibogirshould be envisaged as an enhancement
within the broad SEEA framework rather than anratiive or competing approach to environmental-
economic accounting. Together, the SEEA-Centraimeraork and SEEA-Experimental Ecosystem



Accounting provide the potential to describe inoanprehensive manner the relationship between the
environment and economic and other human activity.

Since SEEA-Experimental Ecosystem Accounting is aot international standard there is no
expectation or requirement that countries implengmaisystem accounting within their set of official
statistics. At the same time, in line with the amagement of the United Nations Statistical
Commission, it is anticipated that countries wdtt and experiment with ecosystem accounting, or
specific aspects of it, in the coming years.

To support such efforts and to provide an ongoitgnentum for work in this area at an international
level, a research agenda for ecosystem accourgisipdéen proposed. The research agenda recognizes
that while important steps have been taken, a nuwibeonceptual and practical issues remain to be
addressed before more definitive guidelines caprbeided. It is also recognized that considerirg th
multidisciplinary nature of ecosystem accountitg advancement of the research agenda as well as
the testing of SEEA Experimental Ecosystem Accaountivill require engagement across disciplines
and organizations.

There is broad interest in ecosystem accountingfeyhe statistical community and there are many
projects and initiatives at a corporate, sub-natiomational and international level that involve

aspects related to ecosystem accounting. In breauist the ecosystem accounting framework
described in SEEA Experimental Ecosystem Accountiag the capacity to connect to and support
these various initiatives. Consequently, it is imaot that countries who undertake testing and
research in this area seek to draw input from anid lbelationships with these other initiatives.

SEEA Experimental Ecosystem Accounting was preparetker the auspices of the United Nations
Committee of Experts on Environmental-Economic Astding (UNCEEA), as mandated by the
UNSC at its thirty-eighth session in 2007. The UNE2Eis a governing body comprising senior
representatives from national statistical officesl anternational organizations. It is chaired by a
representative of one of the country members of Gloenmittee. The United Nations Statistics
Division serves as Secretariat for UNCEEA. Regueersight of the project was provided by the
Bureau of the UNCEEA.

The development of the technical input to SEEA-Expental Ecosystem Accounting was developed
through a series of meetings involving experts franmange of disciplines including economics,
ecology and the physical sciences, geography, madt@ccounts and official statistics. These experts
provided insights into the current state of knowledthe measurement challenges and the potential
ways forward. In addition, members of the Londow@r on Environmental Accounting, who led the
technical development for the SEEA-Central Framéywaere able to play a general oversighting role
in terms of the links between the two documents.

The contributions from these meetings of expertsfanm the London Group members were brought
together by the editor and the editorial board BES-Experimental Ecosystem Accounting. The
editorial board, established in March 2012, proglitiechnical advice and direction to the editor who
drafted the text. Initial draft chapters were dssmd by the editorial board, at a meeting of egpart
May 2012 and by the London Group in October 20a2Ndvember 2012 a broad, public consultation
process was conducted based on revised draft chagtd a final draft taking on board the resulting
feedback was submitted to the UNSC in February 204 heir consideration.
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Rural Affairs of the United Kingdom, and in May 2Dih Melbourne hosted by the Australian Bureau
of Statistics, the Bureau of Meteorology and thed@enent of Sustainability and Environment of
Victoria.
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Leo Kottola, Pushpam Kumar, Glenn-Marie Lange, Mark ehmann, Myriam Linster, Donna
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The following experts participated in the internal seminar: Mark Eigenraam, Peter Harper and
Bruce Hockman (Australia), Golam Kamal (BangladesWadih Neto (Brazil), Céo Gaudet and
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Thomas Lovejoy (Heinz Center), Marco Cangiano (N¥ark University), Shamshad Akhtar
(UNDESA), Charles Mc. Neill and Tim Scott (UNDP) Bt Vos (UNDPAD), Matthias Bruckner,
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Alfieri, lvo Havinga, Eszter Horvath and Carl O&INSD) and Glenn-Marie Lange (World Bank).

The London Group on Environmental Accounting

The London Group on Environmental Accounting disedsissues related to SEEA-Experimental
Ecosystem Accounting at it £8neeting held in Ottawa, Canada and hosted bysBtatiCanada. The
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Country contributions

National statistical offices, ministries responeilibr the environment and other national agencies
made significant in-kind contributions to the diradit of SEEA-Experimental Ecosystem Accounting.
Over 55 countries and international organizatiansstted comments during the broad consultations
on the draft of the document held from November2@d January 2013. Heads of the national
statistical offices were involved through their fg@pation in the Statistical Commission which
mandated the formation of UNCEEA.

Last but not least, a number of national and ironal agencies supported the project through
financial contributions. Major financial contribusoto the project were Australia and Eurostat.
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I: Introduction

What is SEEA Experimental Ecosystem Accounting?

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

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

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

a range of other environmental, economic and sodiafmation

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

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

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

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

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

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

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

Accounting for ecosystems in physical (i.e. non-gtary) termsis a key feature of the SEEA
Experimental Ecosystem Accounting. There is a figant amount of information in physical
terms that can be organised within an accountirsgnéwork to support analysis and
monitoring. The organisation of physical informatics the focus of Chapters 2, 3 and 4.
Approaches to accounting for ecosystems in mondimys (Chapters 5 and 6) are also
described recognising that this raises additiomethpexities relating to valuation. In this
regard measurement in monetary terms for ecosystecounting purposes is generally
dependent on the availability of information in ploal terms since there are generally few
observable market values for ecosystems and theiices.

The text provides an integrated framework for estey accounting but in a number of areas
it is clear that further advancement of concepts #ueory are required, and in all areas the
development and testing of measurement method=eidedl. In recognition, a research agenda
for ecosystem accounting is described in Annextlisl important that on-the-ground
experience be gained through the testing of thewtdig framework outlined in SEEA

2 The words “physical terms” are used genericallyetfier to all measures in non-monetary terms. Inesoases
the measures refer to material stocks and flowg. (@ants, animals, water) but in other cases nreasin
physical terms refer to non-material flows suchh&samenity services from landscapes.
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Experimental Ecosystem Accounting. To this endsitexpected that the concepts and
terminology described here will support testingpg and facilitate the sharing of experiences
in ecosystem accounting.

In due course, the accounting framework describetiis document will be reviewed in light
of country experience as well as conceptual adwnaed updated to further support
collaboration across disciplines and countrieseteetbp and use ecosystem accounts.

Motivation for SEEA Experimental Ecosystem Accognti

The development of SEEA Experimental Ecosystem Anting stems from the recognition
that measurement of the environmental-economictioalhip should encompass the
understanding that the environment is a systembtapd self-regeneration and degradation.
This systems perspective, embodied in the breddtsearch on biodiversity, ecosystems and
the link to human activity, is one that complemehis measurement of the environment and
the economy as described in the SEEA Central Framewnd the System of National
Accounts (SNA).

By taking a systems perspective of environmentaktas information organised following
SEEA Experimental Ecosystem Accounting is ablertuvigle an indication of impacts (both
positive and negative) of economic and other humetivity on the environment and can
highlight the potential trade-offs between the eliéint mixes of ecosystem services that arise
from alternative uses of ecosystems.

Through its potential to inform on environmentalpigcts and trade-offs in ecosystem use,
SEEA Experimental Ecosystem Accounting respondgréaving demands for information in
policy areas such as sustainable development, nesoge, and land management. The SEEA
Central Framework and the SNA can inform on theseds from an economic perspective but
the complementary perspective provided by SEEA Ewmntal Ecosystem Accounting is an
important addition.

Development of SEEA Experimental Ecosystem Acogunti

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

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

Recognising the increasing relevance and intereshé measurement of ecosystems, their
degradation, and the flow of ecosystem servicesSOISupported the development of SEEA
Experimental Ecosystem Accounting, the processgogianaged through the United Nations
Committee of Experts on Environmental-Economic Agdtng (UNCEEA). SEEA
Experimental Ecosystem Accounting does not corstitun international statistical standard
but rather it provides an accounting framework rfarlti-disciplinary research and testing on
ecosystems and their relationship to economic #mer diuman activity.

Relationship to the SEEA Central Framework

The accounting framework described in SEEA Expentade Ecosystem Accounting
complements the accounting for stocks and flowgrofironmental assets presented in the
SEEA Central Framework. Like the SEEA Central Fraowk, SEEA Experimental
Ecosystem Accounting describes accounting in phys{ce. non-monetary) terms and
monetary terms. The extension in the SEEA to enem®@ccounting of stocks and flows in
physical terms is significant and, in particulaequires the integration of scientific
information within standard economic accountingrfeavorks. A key feature of the SEEA is
that the organisation of information in physicaits facilitates comparison to economic data
and thus adds to analysis from both economic autammental perspectives.

The distinctive perspective in SEEA Experimentalofstem Accounting concerns the
measurement of environmental assets. In both thEASEentral Framework and SEEA
Experimental Ecosystem Accounting environmentaletssare defined broadly as “the
naturally occurring living and non-living componendf the Earth, together comprising the
bio-physical environment, that may provide benefits humanity.® However, for
measurement purposes, environmental assets aredeats from two complementary
perspective$.In the SEEA Central Framework environmental asasésmeasured from the
perspective of “individual” environmental asseiscts as timber resources, land, mineral and
energy resources, and water resources.

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

Since not all individual environmental assets fiorcwithin ecosystems, notably mineral and
energy resources, a complete accounting for envieoal assets requires both the SEEA
Central Framework and SEEA Experimental EcosystaroAnting. Further, as described in
Chapter 4, the practice of measuring ecosystemiwonds likely to benefit from the use of
information contained in the asset accounts foividdal resources, such as water and timber

3 SEEA Central Framework, 2.17
* See SEEA Central Framework 2.16 — 2.23.
® This dual perspective on environmental assetsisduced in the SEEA Central Framework (2.17-2.22)
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resources, that are described in the SEEA-Centaah&work.

Relationship to the System of National Account®jSN

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

One motivation for the SEEA is the recognition ttieg SNA does not provide an explicit or
comprehensive accounting for environmental stockkflows that are relevant in the context
of a more complete assessment of economic actilitythis context, SEEA Experimental
Ecosystem Accounting represents one approach tading an extension to the SNA.

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

At the same time, SEEA Experimental Ecosystem Awgting extends some SNA
measurement boundaries. First, a broader set ®fcesris recognised as contributing to
human well-being. This is achieved by accountingecosystem services beyond those that
provide input to the production of goods and sawithat are traditionally within scope of the
SNA production boundary. Second, the asset boundapxtended compared to the SNA
through (i) using the whole bio-physical environihas a starting point (as done in the SEEA
Central Framework); and (ii) recognising a broaskgrof services from ecosystem assets.

In making these changes it is necessary to applgtbsystem accounting approach within the
SNA measurement boundaries as well as beyond tbeprovide a consistent accounting
treatment. Hence, understanding and making expitévant stocks and flows within the
SNA is an important aspect of ecosystem accounting.

A final area of extension relative to the SNA camsethe focus on smaller spatial areas than
is commonly the focus on national accounting. TiMASIefines its geographic scope in
reference to a countries economic territory. Fasgstem accounting purposes, the economic
territory is disaggregated into spatial units feliog a model described in section 2.3. These
spatial units form a focus for ecosystem accoungisgorming a similar role to economic
units (such as enterprises, households and govetsjie national accounting.

The role of valuation in SEEA Experimental Ecosyséecounting

Valuation in SEEA Experimental Ecosystem Accounimgonsidered through the estimation
of relevant stocks and flows in monetary termsingation in monetary terms is required to
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augment the accounts of the SNA with ecosystemuentiogy information, for example in the
compilation of extended measures of wealth or amgetesequences of accoufhiSstimation

in monetary terms may be sought for other reasansvell including the assessment of
alternative policy scenarios and measurement ofdl&l benefits of ecosystem services.

While measures in monetary terms may be import@anséme purposes, there is significant
advantage in applying accounting approaches tootiganisation of information and the
compilation of accounts in physical terms, as shdwrthe SEEA Central Framewofk.
Consequently, the potential of ecosystem accourgimglescribed in SEEA Experimental
Ecosystem Accounting is not restricted by a reaquoé@et for valuation of ecosystem assets and
ecosystem services or by an ambition to derive atigion adjusted measures of national
income.

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

Policy relevance of ecosystem accounting

The broad and integrated nature of SEEA ExperinheBtmsystem Accounting and its
underlying accounting approach are of direct raleeain the organisation of data for
assessing changes in ecosystems and the servieggtbvide, and placing the relevant
information in a socio-economic context.

As such, the policy relevance of ecosystem accogntor economic and environmental
assessments is very broad and real. It stems fr@nunderstanding that policy responses
should recognise the fundamental connections betweenomic activity and ecosystems and
hence there are strong connections to programmesidf on broader measures of progress
and sustainable development. Increasingly, policydifferent areas of public concern,
including land and resource management and subtaidavelopment, is being considered in
a more integrated, multi-disciplinary fashion w&bonomic, social and environmental factors
being assessed jointly in determining approprialeey responses.

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

This phenomenon is recognised in several globatypgrocesses most notably the ongoing
work following Rio +20 and the recent outcomes fréme United Nations Convention on
Biological Diversity. In addition, global initiatas such as the World Bank's Wealth
Accounting and Valuation of Ecosystem Services (VIESY project and The Economics of
Ecosystems and Biodiversity (TEEB) are among kegrausof ecosystem accounting

® It is noted that ecosystem accounting informatiophysical terms may be combined with economi@dat
monetary terms through so-called combined presentatSee Chapter 6.

" The SEEA Central Framework outlines physical aotetor flows of energy, water and various residlais
and also describes accounting for stocks of indi@ié&nvironmental assets in physical terms.
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frameworks. Together these various drivers proadaotivation for experimentation in this
area of measurement.

In combination with the accounts of the SEEA CdnEiamework, ecosystem accounting
information on the extent to which ecosystems arpaicted by economic and other human
activity can be used to evaluate a number of polgsues including; the potential for
alternative patterns of production, consumption a@edumulation; alternative sources of
energy and other resources and the extent of déegug economic growth; the effectiveness
of resources spent to restore and enhance ecosysted more generally the trade-offs
between the different baskets of ecosystem servicat arise from alternative uses of
ecosystems.

The potential to assess trade-offs between basketzosystem services is likely to be a
particularly powerful application of the ecosystantounting framework. This potential arises
from (i) the broad scope that includes ecosystewicgs that contribute to current measures
of economic activity as well as other ecosystemmises, (ii) the connections in the framework
made between ecosystem services and changes ilysesus themselves (e.g due to
ecosystem degradation), and (iii) the links betwdsenecosystem accounting framework and
the standard measures of economic activity predentdhe SNA.

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

Since ecosystem accounting requires the developofetdtasets pertaining to specific geo-

spatial areas it can provide information for theegsment of integrated policy responses at
that level of detail, for example in the managenwntiver basins, fisheries, protected areas,
and agricultural areas.

For international policy monitoring processes, SHE§perimental Ecosystem Accounting has
the potential to provide a base to build informatsets for use in assessing global ecological
cycles and the related global economic challeripes. examples in this area relate to carbon
and biodiversity. Recognising that stocks and flefvsarbon and changes in biodiversity are
central elements in understanding the operatioeocofystems, ecosystem accounting may
assist in providing a coherent measurement bastbdése two policy areas.

Objectives and challenges in ecosystem accounting
Accounting objectives

As outlined in the previous section, the over-arghobjective of developing an accounting
structure is the integration of environmental amdn@mic information to inform policy
discussion. Within this, the more specific objeetivin establishing an accounting structure
are:
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(i) Organising information on the environment from atsgd perspective describing, in
a coherent manner, linkages between ecosystemgambmic and other human
activity

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

(iif)  Allowing connections to be made to environmentareenic information compiled
following the SEEA Central Framework thus aiding tbhnderstanding of the
contribution of ecosystem services to economic pectidn, consumption and
accumulation, the attribution of the degradatiastoration and enhancement of
ecosystems to economic units, and the developméntnare comprehensive
measures of national wealth

(iv) Identifying information gaps and key informatiomuoirements.

In order to meet the various accounting objectivdgre are specific measurement
considerations that are discussed in SEEA-ExpetimheEcosystem Accounting. The
conceptual and methodological responses to theratad#ferent stages of development. The
key considerations are:

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

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

(iiiy The structure of relevant accounts needs to bénedtincluding links to the SEEA
Central Framework accounts; and

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

These objectives and consideration are focusedtegration of environmental and economic
information. As part of the broader agenda of meagusustainable development and
progress there is a keen interest in linking thfsrimation to other information on the social
aspects of development and progress. SEEA ExpefainBgosystem Accounting does not
incorporate in its framework measures related wat@nd human capital that are often set
alongside measures of economic and environmentsétsas However, there are many
opportunities to link various types of social infation within the SEEA framework.
Examples include the incorporation of informatiandistribution and access to water, energy
and other resources and relating distribution cbimes to various environmental pressures
(e.g. emissions) and impacts. SEEA Applications Brtensions Chapter 4 describes some
possibilities for the integration of social infortiten within the SEEA framework, noting that
the spatial focus of SEEA Experimental Ecosysternofiating provides an additional avenue
by which to consider this integration.

Measurement challenges

A full articulation of ecosystem accounting wilheivitably, require the use of much detailed
data. However, although this is a relatively nesaanf accounting, a large amount of relevant
information may be available from existing data rsed, particularly for data in physical
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terms. At the same time some data issues will nesolution. For example, some of the data
may be proxies of the “ideal” measures, the dagaligely to be initially incompatible with
each other, and they may be dispersed across samoganisations. Consequently, a
significant amount of work and associated resouvadislikely be required to organise and
integrate the information. In addition, some datguired for ecosystem accounting are likely
to be missing completely necessitating additionaladcollection. The organisation and
collection of relevant data may be supported thinodige updated Framework for the
Development of Environment Statistics (FDES) thad been revised in conjunction with the
revision of the SEEA.

These measurement challenges however, do notdatalthe use of accounting frameworks
to compile coherent and structured information.ebd| an important role of an accounting
framework is to assist in the identification of alg@aps.

Due to ecosystem accounting’s measurement focispatial areas, a significant opportunity
exists to take advantage of emerging geo-spattakdes and related analytical technigques.

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

The types of agencies and organisations that &edylito be involved include national
statistical offices (NSO); government scientificdameteorological agencies; departments of
environment, agriculture, forestry and fishing; ajaernment geographical and geo-spatial
information agencies. The establishment of appaberiinstitutional co-ordination and
management arrangements is essential for sustanmpdeimentation.

It is also recognised that ongoing co-ordinatiothvikiey policy agencies including ministries
of finance, planning and environment is essentialehsure that the outputs from the
compilation of ecosystem accounts are relevantht® golicy questions and monitoring
requirements of those agencies.

Given the new and emerging status of ecosystenmuatiog, academia has a strong potential
to assist in the development and testing of mapg@s of the proposed ecosystem accounting
framework. Input from academia may be particularbgful in standardising and accrediting
scientific information for use in national level osystem assessments, in articulating the
complex linkages between the condition of ecosysiesets and the ecosystem services they
generate, and in advancing research on the vatuafieecosystem services and ecosystem
assets.

In practice, all of the data required to comprehag report on all aspects of ecosystem
accounting described here are unlikely to be abkslan the short term in any country.

Consequently, as with the SEEA Central Framewookintries are encouraged to consider
which aspects of ecosystem accounting are mosvamieThus stepwise and incremental
approaches towards ecosystem accounting by taggstiacific areas or types of ecosystem
service may be the most practical starting poimtsiany cases.
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Thekey disciplinesin ecosystem accounting

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

Core principles of ecosystem science

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

Ecosystems contribute to the generation of a wadegoods and services upon which people
depend. These contributions are known as ecosystevices. Single ecosystems will usually
generate a number of different ecosystem servicegeneral terms, the capacity of an
ecosystem to provide ecosystem services dependseoarea covered by an ecosystem (its
extent), and the condition of the ecosystem (italitw). This capacity is modified through
human behaviour both positively and negatively. @amly, through land use conversion (for
example forests converted to cropland), certairesypf ecosystems are modified or replaced
leading to the supply of a different basket of gstam services.

Ecosystems are often subject to complex, non-lidgaamics involving negative or positive
feedback loops. These complex dynamics include,efample, the presence of multiple
steady states, irreversible change or stochasind@m) behaviour. Many types of ecosystems
are influenced, and often dominated by complex gyos, including temperate and tropical
forests, rangelands, estuaries, and coral reefsicépbs of resilience, thresholds and
irreversibilities are thus important consideratiémsecosystem accounting.

Core principles of economics

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

Given the integrated relationship between the emgnand ecosystems many branches of

8 Article 2 Use of Terms, Convention on Biological/ersity, 2003
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economics may have a direct interest in ecosystsouating and can offer theoretical and
practical input. The sub-fields of agricultural somics, natural resource economics,
environmental economics, and ecological economigeparticular relevance to ecosystem
accounting’.

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

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

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

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

From an accounting perspective, economics underparg relevant concepts including those
relating to ecosystem assets and the associatedfl@cosystem services. By using a broad
conceptualisation of services, economics is ableotwider trade-offs between the generation
and use of different services in a more comprelenfgshion. Further, by considering the

relationship between ecosystem assets and serfles, the potential for ecosystems to

continue to provide services into the future becomealirect point of analysis. Such analysis
involves consideration of the carrying capacityr@ environment.

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

Core principles of national accounts

At the heart of national accounting is the ambittonrecord, at a national, economy-wide
level, measures of economic activity and associsttecks and changes in stocks of economic

® While these labels exist, it should be recognised the boundaries between these fields in peictic
research are often quite fluid.

11
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assets. The accounting approaches are descritbexigéh in the SNA. The SNA provides the
conceptual underpinnings of the SEEA Central Fraomkwand SEEA Experimental
Ecosystem Accounting.

Following the SNA, economic activity is defined the activities of production, consumption
and accumulation. Measurement of each of thesevitaeti over an accounting period
(commonly one year) is undertaken within the caistrof a production boundary that defines
the scope of the goods and services consideree podaluced and consum&dAccumulation

of these goods and services in the form of econoasiets (for example, through the
construction of a house) is recorded in cases wher@uction and consumption is spread out
over more than one accounting period. Further, pronluced and financial assets may be
accumulated (for example, through the purchasamf)l At its core, national accounts is the
reporting of flows relating to production, consuiopt and accumulation, and stocks of
economic assets.

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

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

There are strong similarities between national aesting and the accounting that is
undertaken for an individual business. However, iiteén distinctions are that (i) national
accounting requires consideration of the accountimgications for more than one business
(thus the recording must be consistent for bothigsato a transaction without overlaps or
gaps); and (ii) national accounting operates air dairger scale in providing information for a
country and encompassing a wide variety of typesaoinomic units that play quite distinct
roles in an economy.

Creating linkages between disciplines

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

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

10 This boundary also defines the measurement sawpthé most widely known national accounts aggmeegat
Gross Domestic Product (GDP).

12
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For economists, it is necessary to consider theirceptual models concerning the links
between ecosystems and the economy in a strictuating sense, and to consider the
complexities of integrating new measures of asaat$ services with traditional economic
measures.

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

Therole of national statistical offices

There are a number of aspects of ecosystem acnguai described in SEEA Experimental
Ecosystem Accounting that warrant the involvemdmational statistical offices (NSO). The
actual role an individual NSO might play will degleon the scope of its traditional activities.
For example, some NSO have strong traditions irkimgrwith geo-spatial data, and others
have a history of development and research. NSO thdse types of experience may be able
to play leading roles in the development of ecasysaccounting.

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

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

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

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

extend to environmental information. Given the irdisciplinary nature of ecosystem

accounting data integration is an important recuéet.

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

Fifth, NSO have a national coverage. The focus h&f SEEA Experimental Ecosystem
Accounting is on the provision of information thrmits analysis at the national level rather
than more commonly available site or ecosystem iipeioformation. Creating national

economic and social pictures is a relatively unigple undertaken by NSO and incorporates

13
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an implicit understanding of scaling data. Ecosystecounting could benefit substantially
from consideration of how standard statistical teghes used for official statistics may be
applied, in particular in the context of geo-spadtatistics.

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

A large number of NSO are also involved in the civation of national accounts. The
application of national accounting expertise wid fsery important in the development of
ecosystem accounting particularly in the contex¢ffdrts to understand the most appropriate
ways in which physical and monetary measures ofystem assets and services can be
integrated with information from the standard nadilbaccounts. Of particular importance will
be understanding those aspects of ecosystem acuptimit may be implicitly recorded in the
standard national accounts — for example as pareafsures of agriculture production and the
value of land.

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

Structure of SEEA Experimental Ecosystem Accounting

Chapter 2 “Principles of ecosystem accounting” @nés the accounting model for ecosystems
operation that underpins the ecosystem accountemgeiwork and places the model in the
context of ecosystems, ecosystem services, angstens assets. These various parts of the
model are subsequently described in greater datéter chapters. Chapter 2 also presents a
model of statistical areas that can form a basi®fosystem accounting, and discusses some
general measurement issues that apply to all afeaosystem accounting.

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

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

Chapter 4 “Accounting for ecosystem assets in mhaysterms” considers measures of
ecosystem extent, condition, and expected ecosystewice flows. It explains approaches to
the measurement of ecosystem assets, the organigétihis information into ecosystem asset
accounts, and the measurement challenges involmednaking overall assessments of
ecosystem assets and changes in these assetgafople due to ecosystem degradation or
enhancement. Chapter 4 also highlights some spegiias of accounting, namely carbon
accounting and accounting for biodiversity, and temtionship of these specific areas to
ecosystem accounting.

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

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

These six chapters are supported by a number @xasrto the chapters. The annexes cover
approaches to measuring ecosystem services, atopuot carbon and biodiversity, and
possible models for a sequence of accounts. Antatetb glossary has been included that
defines relevant terms and notes alternative tehatsare commonly used, and a structured
list of references has been provided.

An annex describes a proposed research agendadsystem accounting focusing on those
areas that are considered in most need of furthestigation in order to advance ecosystem
accounting as a whole. It is expected that thestigation of the issues on the research agenda
is undertaken in joint fashion across disciplined an conjunction with ongoing research and
testing programs.
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2.2

2.3

2.4

2.5

I1: Principles of ecosystem accounting

An overview of ecosystems and biodiver sity
Ecosystems

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

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

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

Assessment of ecosystems should consider theictkaacteristics. Ecosystem characteristics
relate to the ongoing operation of the ecosystethinlocation. Key characteristics of the
operation of an ecosystem are (i) its structurg tbe food web within the ecosystem); (ii) its
composition, including living (e.g. flora, faunacdamicro-organisms) and non-living (e.g.
mineral soil, air, sunshine and water) compone(iii3; its processes (e.g. photosynthesis,
decomposition), and (iv) its functions (e.g. reayglof nutrients in an ecosystem, primary
productivity). Key characteristics of its locatiare (i) its extent; (i) its configuration (i.e.eh
way in which the various components are arrangedoaganised within the ecosystem); (iii)
the landscape forms (e.g. mountain regions, coast&ds) within which the ecosystem is
located; and (iv) the climate and associated sehgatterns. Ecosystems also relate strongly
to biodiversity at a number of levels. For thiss@a ecosystem characteristics include within
and between species diversity, and the diversigcokystem types.

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

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

1 Convention on Biological Diversity (2003), Artick Use of Terms.
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It is widely recognised that ecosystems are suligecomplex dynamics. The propensity of
ecosystems to withstand pressure to change, aettionrto their initial condition following
natural or human disturbance is called ecosysteitierece. The resilience of an ecosystem is
not a fixed, given property, and may change overefifor example, due to ecosystem
degradation (e.g. timber removal from a forest)eobsystem enhancement (e.g. through
management of wetlands). Other aspects of the eagynamics of ecosystems are reflected
in the presence of thresholds, tipping points areversibilities. These complex dynamics and
the associated non-linear relationships betweerdiffierent ecosystem characteristics make
the behaviour of ecosystems as a function of huarah natural disturbances difficult to
predict, although there have been significant impnoents in understanding of these
dynamics. As far as possible these dynamics arentakto consideration in ecosystem
accounting.

Biodiversity

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

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

At the ecosystem level, biodiversity loss is chadsed by the conversion, reduction or
degradation of ecosystems (or habitats). Geneeallthe level of human use of ecosystems
increases or intensifies above critical threshadtdsdiversity loss increases. The corollary is
that increases in biodiversity, either through tetbrestoration or natural succession are
shown to lead to increases in the resilience ofsystems and increases in primary
productivity.

In general, where biodiversity loss increases, mamyemic species occurring in a particular
area will decrease in abundance while at the sameedome species, in particular those that
benefit in disturbed habitats, increase in abunelaas a result of human interventions. That
is, the endemic species are gradually replaceddsetthat are favoured by human influence
(either endemic or exotic), some of which may ashilrge numbers. The extinctions of the
endemic species are often the final step in a fwogess of gradual reductions in numbers. In
many cases, local or national species richnesstkieetotal number of species regardless of
origin) increases initially because of exotic spscintroduced or favoured by huméhs
Because of these changes ecosystems lose thenatgndemic species and become more
and more alike — a process described as “homodimis4.

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

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

4 Lockwood and McKinney, (2001). Biotic Homogenizeti Kluwer, New York. 289p and Millennium
Ecosystem Assessment (200&kp://www.maweb.org/en/Reports.aspx
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The interconnected nature of biodiversity and estesys is reflected in the reality that
biodiversity is a fundamental characteristic of s@bems, while at the same time variability
among ecosystems is a fundamental driver of bioslitye There are therefore also important
links between biodiversity, ecosystems and resiBethat reflect the complex dynamics
referred to above.

Key conceptual reationshipsin ecosystem accounting

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

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

Second, there are flows reflecting that peoplepugh economic and other human activity,
take advantage of the multitude of resources andegses that are generated by ecosystem
assets — collectively these flows are knowneegsystem serviceEcosystem services are
generated through ecosystem processes that reflect combination of ecosystem
characteristics, intra-ecosystem flows and intesgstem flows. It is noted that flows of
ecosystem services may relate to either flows pfitei from the environment to the economy
(e.g. from the logging of timber resources) or ffowf residuals to the environment (e.g.
emissions, waste) from economic and other humavitgct-lows of both inputs and residuals
can impact on ecosystem assets including on ttrectare, composition, processes, functions
and biodiversity.

Figure 2.1 presents the basic relationships ofstioeks and flows relevant in ecosystem
accounting. The key feature of the figure is thathe ecosystem asset represents a distinct
spatial area with economic and human activity tgkptace within that area. Thus the model
recognises the strong spatial relationship betveemsystems and economic and other human
activity. The model also recognises the strong eotians between different ecosystem assets
in terms of ecosystem processes, exchanges of miompuoducts, the ecosystem impacts of
economic and other human activity, and other soicitdractions (e.g. the movement of
people) that cross spatial boundaries.

5 The relationship between ecosystem assets andoeméntal assets as defined in the SEEA Central
Framework is described in Section 2.6.
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Figure 2.1 Basic model of ecosystem stocks and flows
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From a measurement perspective, ecosystem accgudatinses (i) on the flows of ecosystem
services to enable improved understanding of thatioeship between ecosystems and
economic and other human activity; and (ii) on sheck and changes in stock of ecosystem
assets to enable an understanding of changes systems and their capacity to generate
ecosystem services in the future. Changes in iatrd-inter- ecosystem flows that relate to the
general operation of ecosystem processes and depaas between ecosystems, are not
accounted for explicitly. Rather, changes in thiése/s are captured through indicators of
ecosystem quality that reflect the effect of thesmEesses on ecosystem assets and ecosystem
services. Therefore, the nature of these flows :iéede understood conceptually to explain
the relevant relationships.

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

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

Ecosystem services
A model for ecosystem servitfes

Ecosystem services are central in the ecosysteouating framework since they provide the
link between ecosystem assets on the one handhargkenefits used and enjoyed by people
on the other. Hence they are at the intersectioth@frelationship between ecosystems and

% The model of ecosystem services developed for SEEgerimental Ecosystem Accounting is based on a
large literature related to this topic. A structlifist of references is included as an annex.
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economic and other human activity which is the foaf the environmental-economic
accounting described in the SEEA.

A range of definitions and interpretations of ecteyn services have been used in various
contexts from site specific case studies to larggional and global assessments of
ecosystems. For accounting purposes it is mosulusefconsider ecosystem services in the
context of a chain of flows that connect ecosystevita well-being. The overall model is
shown in Figure 2.2.

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

(i) The products produced by economic units (eogdf water, clothing, shelter, recreation,
etc). These are referred to B8IA benefitsince the measurement boundary is defined by the
production boundary used to measure GDP in theeBysf National Accounts (SNA). This
includes goods produced by households for their cowsumptiort?

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

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

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

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

In SEEA Experimental Ecosystem Accountimgosystem services are the contributions of
ecosystems to benefits used in economic and other human activity."® As can be seen in
Figures 2.1 and 2.2 this definition excludes solowd that are considered ecosystem services
in other contexts, in particular intra- and inteeosystem flows that relate to ongoing
ecosystem processes, commonly referred to as duppservices. While these flows are not
considered ecosystem services, they are consi@argart of the measurement of ecosystem
assets.

The model of ecosystem services takes no explictoant of so-called ecosystem
“disservices” such as pests and disease. To sotmatethese flows will be reflected in
reduced flows of some ecosystem services (e.g.rliawgs of provisioning services). Chapter
3 discusses this issue further.

" How benefits contribute to various aspects of seelhg (e.g. basic materials for a good life, Heasecurity,
good societal relations, freedom of choice andoagtiare not the focus of the SEEA and hence are not
articulated.

'8 The goods produced by households include outpats $ubsistence agriculture, the production of gnéor

own consumption, and the collection of water. Itnsted that SNA benefits exclude services provitgd
households for their own consumption such as mesgdgpation and child care (with the exception ti@ising
services produced through ownership of dwellingsiacluded).

911 this context, “use” includes both the transfotior of materials (e.g. use of timber to build hesi®r for
energy) and the passive receipt of non-materiadystem services (e.g. amenity from viewing landesap
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Figure 2.2 Stylised model of flowsrelated to ecosystem services

Individual and societal well-being

Material and non-Material
Benefits

Human inputs (e.g. labour,

produced assets)
Ecosystem services

Ecosystem processes
haracteristics Intra-ecosystem flows Inter-ec

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

Other ecosystem
assets

For non-SNA benefits there are usually few humauis in their generation and hence the
ecosystem service and the associated benefit maffdct, be equivalent (e.g. the benefit of
clean air from the ecosystem service of air filtnatby trees and other plants). By convention,
the measurement scope of non-SNA benefits for etesyaccounting purposes is limited to
the flow of ecosystem services with an identifidbi& to human well-being.

Ecosystem services do not result only from the dwting or extraction of materials from
ecosystems. They also result from the general fmmiog of the ecosystem (e.g. air filtration
services from trees providing clean air) and teepttharacteristics of an ecosystem (e.g. the
physical structure and composition of mountain tmaghes providing wonderful views). Thus
the term “services” is used here in an all-encorsipgsmanner covering the various ways in
which humans may benefit from ecosystems.

Ecosystem services do not represent the compldgteofsfiows from the environment.
Important examples of other environmental flowdude the extraction of mineral and energy
resources, energy from the sun for the growingrops and as a renewable source of energy,
and the movement of wind and tides, which can huced to provide sources of energy.
More broadly, the environment provides the spacevimich economic and other human
activity takes place, and the provision of space to@ conceptualised as an environmental



2.29

2.30

222
231

2.32

flow. Collectively, these other environmental flowse referred to aabiotic servicesThe
relevant boundary issues are discussed furthehapter 3.

The final step in the series of flows related t@system services is the recognition that
ecosystems do not function only to generate ecesyservices. Many intra- and inter-
ecosystem flows do not benefit humans directly they support the functioning and
resilience of ecosystems which in turn makes isjiids to generate final ecosystem services
now and in the future. Therefore, the multitudeeobsystem flows and characteristics that
constitute a functioning ecosystem are of relevaa@ can be captured by accounting for
ecosystem assets.

One way of reflecting the relationships betweensgstem services and the other relevant
measures concerning ecosystems is presented imeF&y8. This figure places ecosystem

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

ecosystem services.

Central conceptsin measuring ecosystem assets

Ecosystem assets are spatial areas containing a combination of biotic and abiotic
components and other characteristics that function together. Ecosystem assets are measured
from two perspectives. First, ecosystem assetsarsidered in terms @cosystem condition
andecosystem exterfsecond, ecosystem assets are considered in ¢éenesystem services.
A particular combination or “basket” of ecosysteenvices will be generated at a particular
point in time from a specific ecosystem asset. 3¢gregation of all future ecosystem services
for a given basket provides, at a point in time,estimated stock oéxpected ecosystem
service flows.

In general terms, the capacity of an ecosystemt asflects the relationship between the
characteristics of the asset and the expected afste ecosystem asset (described by the
expected baskets of ecosystem services to be gederdihe capacity of the ecosystem asset
to continue to generate ecosystem services intéutbee will change as a function of changes
in the condition and extent of the ecosystem amsétin response to changes in the expected
flows of ecosystem services. Thus, for an expebgesket of ecosystem services at a given
point in time, an ecosystem asset may be consideré@ generating services below, at, or
above the capacity of the ecosystem asset to gertbase services. In the context of a single
resource, for example timber resources, the notibrtapacity may be aligned with the
concept of a sustainable yield. However, where & ofiecosystem services is generated,
determination of the sustainable yield across fifferdnt services that may be produced in
tandem or in competition, will be quite complexn& ecosystem services are only recorded
when there are associated benefits to economither buman activity, there is no notion of
"unused" ecosystem services arising if an ecosysisset is considered to be generating
ecosystem services below its capacity.
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The capacity of an ecosystem asset should be glissimed from the potential of an ecosystem
asset to be used for different purposes and heegergte alternative baskets of ecosystem
services. For example, a forest ecosystem may dx rsmarily for logging or for recreation.
The differing potential amounts of ecosystem sewithat could be generated from different
ecosystem use scenarios can be assessed usirgrid@scounting framework described here
and such assessments may be important analyti¢cplitsu However, the assessment of
alternative scenarios should be distinguished fraroounting for an expected basket of
ecosystem services which is the focus from an adougiperspective.

Overall, the relationship between the two perspestof ecosystem assets is not simple, and it
is likely to be non-linear and variable over tinfes a result of this complexity, there is
incomplete knowledge of the relationships betwamsgstem extent and condition and future
flows of ecosystem services, although it is anvaectarea of ecological research. For
ecosystem accounting, a variety of measures ofyst@ra assets is needed and it cannot be
assumed that measurement from one perspectivebwithble to provide a comprehensive
assessment of ecosystem assets. Through a measufemes on well-defined spatial areas
(see Section 2.4) these two perspectives can egrated to provide a more complete picture
of ecosystem assets and the changes in them.

Ecosystem condition and ecosystem extent

Ecosystem condition reflects the overall quality of an ecosystem asset, in terms of its
characteristics. The assessment of ecosystem condition involves distnct stages of
measurement with reference to both the quantitycaradity aspects of the characteristics of
the ecosystem asset. In the first stage it is saced0 select appropriate characteristics and
associated indicators of changes in those charstatsr The selection of characteristics and
associated indicators should be made on scieti#fgis such that there is assessment of the
ongoing functioning, resilience and integrity oéthcosystem asset. Thus, movements in the
indicators should be responsive to changes inuhetibning and integrity of the ecosystem as
a whole.

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

In the second stage, the indicators are relateddommon reference condition. A number of
conceptual alternatives to determine a referenodition are described in Chapter 4. The use
of a common reference condition for all indicatéos an ecosystem asset may allow an
overall assessment of the condition of the ecosysigset.
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Ecosystem extent refers to the size of an ecosystem asset. For ecosystem assets the concept of
extent is generally measured in terms of surfaea,ae.g. hectares of a land cover tie.
Where there is a mix of land covers within an estay asset (e.g. within a river basin or a
mixed agricultural landscape), ecosystem extent Ineaneflected in the proportion of different
types of land cover. Changes in the mix of diffédand covers within a defined spatial area
may be important indicators of changes in ecosysigsnts.

The measurement of biodiversity is intertwined witleasures of ecosystem condition and
extent in a number of ways. First, measures atsiecies level of biodiversity within

individual ecosystem assets are likely to provideseful indicator of changes in the condition
of that ecosystem asset. Second, measures of chantiee composition of ecosystem assets
in terms of changing extent and distribution offetiént land cover types (and associated
measures of fragmentation of the landscape), ety Ito reflect changes in biodiversity at the
ecosystem level. Third, measures of changes inilgmity at the ecosystem level will

themselves provide an indication of changes intatlind thus changes in biodiversity at the
species level for example in effects on speciemddoce and richness. The potential to
undertake accounting for biodiversity at the spe@@eel is discussed in detail in Section 4.5.

Expected ecosystem service flow

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

Because the generation of some ecosystem servigeb/és the extraction and harvest of
resources, and since ecosystems have the potémtiggenerate, it is necessary to form
expectations on the amount of extraction and theuatnof regeneration that will take place,
and on the overall sustainability of human activity the ecosystem. To form these
expectations information concerning likely changescosystem condition is required, noting
that a basic assumption is that the flows of thevemt ecosystem services are constant.

As noted, there will be complex and non-linear tieteships between the condition of an
ecosystem asset, its pattern of use, and the expéetsket of ecosystem services and thus
estimation of the future flows of ecosystem servied! require the use of assumptions about
these relationships.

20| and cover is most easily associated with terr@lsetosystems (e.g. forest, grassland, tundra)uten
ecosystems may be classified by type of water c¢eday. inland water bodies, coastal water bodiggno
wetlands) but may also be classified through aquetosystem mapping systems that distinguish @Etwe
marine, estuarine, riverin, palustrine and lacusrenvironments (e.g. Cowardin 1979). These mappistems
may consider different aquatic habitats (e.g. resfagrass) and factors such as depth and lighaliligy.

% This is akin to the concept of the productive talfstock as developed in the context of measutiegcapital
services from produced assets. The productive aagiitck is the measure of an asset at a poimnia in terms
of the aggregate number of efficiency units of talpservices that an asset is expected to deliver ds

lifetime.
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Changes in ecosystem assets

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

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

However, for accounting purposes, there is mosrést in recording and attributing the
changes over an accounting period to various calrsélse context of ecosystem accounting
there is interest in changes due economic and diineran activity as distinct from natural
causes, and changes due to extraction distinct feganeration and growth. Two particular
accounting entries in this context are ecosystegnadiation and ecosystem enhancement. A
description of these and other changes in ecosya$sets is provided in Chapter 4.

Unitsfor ecosystem accounting
Introduction

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

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

Statistical units are the entities about which iinfation is sought and about which statistics
are ultimately compiled. It is the statistical utfitat provides the basis for compilation of
statistical aggregates and to which tabulated diga?® In economic statistics, the statistical
units are the various establishments, enterprigegernment and household entities about
which economic data are collected. Generically éhae referred to as economic UAits.

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

3 gee Glossary for more detailed definitions of ratewerms. An overview of economic units is prodade the
SEEA Central Framework (Chapter 2) and completeriggons of economic units from the perspective of
national accounting are provided in SNA Chapter 4.
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Economic units may be grouped for analytical puegosto industries (units undertaking
similar economic activities) and institutional s®st (units with similar types of legal bases
and behaviours).

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

To accommodate the different scales and methods taseollect, integrate and analyse data
three different, but related, types of units ardingel in SEEA Experimental Ecosystem
Accounting. They are: basic spatial units (BSUndlacover/ecosystem functional units
(LCEU) and ecosystem accounting units (EAU). Thikofeing sub-sections describe each
type of unit.

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

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

Basic spatial units

A basic spatial unit (BSU) is a small spatial arkbeally, the BSU should be formed by
delineating tessellations (small areas e.g. f)ktypically by overlaying a grid on a map of
the relevant territory, but they may also be laadcpls delineated by a cadastrer using
remote sensing pixels. Grid squares, ideally eawh lieing a BSU, are delineated to be as
small as possible given available information, kuagpe diversity and analytical requirements.
The model can also accommodate different scales ghibugh spatial nesting (e.g. a 100 m
grid nested within a 1 kfrgrid). It is particularly advantageous for eachUB® refer to the
same spatial area over time.

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

2 A cadastre is a register of properties in a regiorcountry with information on the ownership, tesu
location, size and value of each property.
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This information may be extended to include infatiora on the generation of different
ecosystem services from the BSU such that the B&WUrepresent the level at which all
relevant information for ecosystem accounting sragated and organised. Since ecosystem
services are often generated over areas larger ahsingle BSU a method is required to
attribute information to the BSU level. This issseliscussed in Chapter 3.

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

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

Land cover/ecosystem functional units

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

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

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

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

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

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

Table 2.1 Provisional Land Cover/Ecosystem Functional Unit Classes

Description of classes

Urban and associated developed areas

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

Pastures and natural grassland

Forest tree cover

Shrubland, bushland, heathland

Sparsely vegetated areas

Natural vegetation associations and mosaics
Barren land

Permanent snow and glaciers

Open wetlands

Inland water bodies

Coastal water bodies

Sea

It is likely that LCEU represent the closest apjimation to ecosystems in spatial terms given
the way that large ecosystems are commonly envils&tmwvever, in order to more fully adapt

LCEU delineation to ecosystems types it is likadybe necessary to allow for variations in

climatic conditions, geophysical conditions, anddause. For example, in some countries,
“Forest tree cover” may reflect substantial diffeves in canopy cover of a given area. For
some purposes it may be relevant to cross clak§ifyU by the extent to which the area is

considered influenced by human activity. Thus typesCEU (e.g. Forest tree cover) may be
considered as reflecting natural, semi-naturaicatjural or other types of ecosystems.

Table 2.1 presents a provisional list of classesldnd cover/ecosystem functional units
(LCEUV). The development of this classification &tpof the research and testing agenda.

Ecosystem accounting units

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

Depending on the size of the country there may biearchy of EAU building from smaller
reporting units to the national level. For examglgrting from a local administrative unit a
hierarchy of EAU may build to provincial and theational level. In all cases, a country’s
total area will represent the single, highest léwel hierarchical EAU structure.

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

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

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

Figure 2.4 provides a stylised depiction of thatiehships between BSU, LCEU and EAU
where, in this case, the BSU are defined by gritheeg. Attribution of BSU to LCEU and to
EAU should be based on predominance as describedealote that it is possible for a
number of LCEU types to be present within a sirghdJ and for a single LCEU type to
appear in various locations within an EAU.

Figure 2.4 Stylised depiction of relationships between BSU, LCEU and EAU

LGEU type A
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: 5 J
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2.3.5 Spatial unitsin relation to ecosystem services
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It should be recognised that since any given dpatea may generate a number of types of
ecosystem services it is likely that a single BSU lve involved in the generation of a range

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

In addition, it is likely that a range of ecosystseanvices is generated over a larger spatial area
than a single BSU, or, at least, are measuredareas larger than a single BSU. Given this, it
may be useful to map areas that are relevant tgeheration of particular ecosystem services.
Often these maps will reflect a contiguous set &UB(for example, in the case of
provisioning services from a forest), but this newd be the case. It is possible that some
ecosystem services are generated in a single BgUdtural services from a local fishing
spot).

Although the generation of ecosystem services nag place over varying spatial areas
depending on the service, for a broad range oficesva useful measurement starting point
may be to consider the ecosystem services genewdthioh an LCEU. Since provisioning
services and some regulating and cultural senace<sclosely associated with land cover, an
LCEU provides a useful spatial boundary. Maps afsgstem service generation may be
useful tools in delineating LCEU by providing andenstanding of concentrations of related
ecosystem services, noting that each ecosysteritcsasvikely to have its own specific area
over which it is generated. By linking maps of seevgeneration to LCEU delineated by land
cover, the relationship between land cover and icergeneration can be tested
experimentally.

Relationship to economic units

The cross-classification of ecosystem informatigt wconomic units is central to assessment
of the relationship between ecosystem servicesystem assets and economic activity. The
application of ecosystem related information tosgieas of land management and ecosystem
degradation requires such connections to be made.

Ideally, the link to economic units would be und&#n in the process of delineating spatial
units, for example, using information on land uséand ownership (via cadastres) within the
broader process of delineating BSU or LCEU. If tdetailed linking is not possible then

broader assumptions may be used for example Liputiyg information on land use or land

ownership to BSU or LCEU.

For certain ecosystem services it may be relevantise economic units as a basis for
collecting relevant data. This may be most releuanespect of provisioning services, such as
timber, or cultural services, such as recreation.

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

Issuesin the delineation of spatial units
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Geographic information systems

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

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

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

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

In presenting accounts for ecosystems at a natlewel, the geographic scope of the accounts
should be clearly stated. Often, the scope maynhiéed to terrestrial areas and inland water
bodies but there may be good reasons to extendagee¢o incorporate marine areas under
the control of a national administration. In theiext of the SEEA this is deemed to extend to
the country’s Exclusive Economic Zone (EEZ).

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

Particular care should be taken in defining thatment of coastal ecosystems that straddle
terrestrial and marine areas, in the delineatioarefs related to rivers, such as flood plains,
and the treatment of other linear features, andd#éfamition of aquatic ecosystems such as
wetlands. The delineation of marine areas takimg atcount not only their area but also the
operation of ecosystems at varying depths as wdhasea floor is also important.

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

Ecosystem accounting tables

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

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

The analytical objective is to use information bl mixes of ecosystem services within an
ecosystem asset (i.e. the observable basket oysteas services) to consider what trade-offs
may be implied between alternative uses. As wal ithis information that can be used to
construct scenarios of the flows of ecosystem sesvin response to anticipated activities in
an ecosystem asset, activity in neighbouring e¢esys natural changes in ecosystem
processes or climate change.

In this regard it is relevant to note that usuatpsystem services are interconnected. They
may be generated in tandem, enhanced by the geEmert other ecosystem services or
certain ecosystem services may compete with otmstices. For example, the provisioning
service of timber and the regulating service of fdiration are competing services within
forest ecosystems (at the time of, and after, tmitavest) while air filtration and carbon
sequestration services are generated in tandenlygdahould be undertaken in the light of
various social and ecosystem contexts that mayfeetiag the reported area.

Table 2.2 shows a basic table for reporting infdiomaon physical flows of ecosystem
services for an EAU or a country as a whole. Theler of different ecosystem services
reported will vary depending on the type of ecasyseind its pattern of use. It is noted that
the ecosystem services shown in Table 2.2 willbgoteasured using the same physical units
and hence totals across different ecosystem serareenot shown.

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

Table 2.2 Physical flows of ecosystem servicesfor an EAU

Typeof LCEU
Forest tree Agricultural Urban and Open Wetlands
cover land* associated

developed areas

Type of ecosystem services

Provisioning services e.g. tonnes 0f e.g. tonnes of
timber wheat
Regulating services e.g. tonnes of e.g. tonnes of| e.g. tonnes of | e.g. tonnes of K
CO, CO, COo, absorbed
stored/released stored/releaseql stored/released
Cultural services e.g. number of e.g. hectares of | e.g. hectares o
visitors/hikers parkland duck habitat

* Medium to large fields rainfed herbaceous cropland
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Tablesfor ecosystem assets

Because of the range of concepts involved in thasomement of ecosystem assets a number
of tables may be constructed. Tables concerningystem extent largely emerge from the
asset accounts for land described in the SEEA @leframework. Most important are
measures of the area of different LCEU that mayléeeloped along the lines explained for
land cover accounts (see SEEA Central FrameworkdBes.6).

2.90 Some information concerning indicators of ecosystamdition may be compiled in basic
resource accounts, for example accounts for culkitas of water resources, tonnes of timber
resources and tonnes of carbon. These accountgaade information related to quantitative
changes in ecosystem condition (e.g. reductiongaiier flow, increases in tree cover) and are
generally more straightforward to compile than rdation on more qualitative aspects of

ecosystem condition.

2.91 The relevant accounting for water, timber and otlesources includes the measurement of
opening and closing stocks and changes in stoclsisalescribed in detail in the SEEA
Central Framework. Accounting for carbon is disedss Section 4.4 of this document. The
extension for ecosystem accounting is that therin&tion on the stocks of resources should
be attributed to ecosystem assets (i.e. spati@sgrand flows between ecosystem assets

(inter-ecosystem flows) should be recorded.

2.92 Relevant information from these sources togetheh weidditional indicators for specific
ecosystem characteristics may be presented inle sabh as Table 2.3, which is presented
with reference to the closing stock at the enchefaccounting period. Appropriate extensions

to this table would enable the consideration ofgpening stock and changes in stock.

2.93 The table relates to a specific EAU (or for a coyrats whole) and is structured by type of
LCEU noting that in a given EAU there is likely be a mix of different LCEU types. It
would be possible to also include information ofevant benchmarks and thresholds for
different indicators alongside the observed infdioma to provide a basis for assessing
changes in overall ecosystem condition. Informatiareach indicator will be collected using
different measurement units but may adjusted ferpirposes of comparison through the use

of reference conditions and other approaches.

Table 2.3 Measures of ecosystem condition and extent for an EAU at end of accounting period

Ecosystem Characteristics of ecosystem condition

extent Vegetation Biodiversity Soil Water Carbon

Area Indicators Indicators (e.g. Indicators Indicators Indicators

(proportion (e.g. Leaf areg species (e.0. soil| (e.g. river| (e.g. net

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

productivity)

Typeof LCEU

Forest tree cover

Agricultural land*

Urban and associated
developed areas

Open wetlands

* Medium to large fields rainfed herbaceous cropland
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Measures of ecosystem condition should cover thie sspects of each ecosystem type that
affect the ongoing functioning, resilience and gniiy of the ecosystem. The listed aspects of
vegetation, biodiversity, soil, water and carbore andicative only. The selection of
characteristics and the development of indicatas décosystem condition should be
completed in close consultation with ecologists attter scientists and will be informed by
ongoing experimentation and testing.

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

Table 2.4 presents a basic structure for informatio expected ecosystem service flows. As
with the measures of ecosystem services shownhiteTa2, the entries in this table will be in
different units depending on the particular servicesituations where the current use of a
particular ecosystem service exceeds the ecosysteapacity to generate that service
sustainably, it will be possible to determine alatf expected flows over an ecosystem life.
For example, for a forest that is completely cldamver a period of years without
regeneration, the expected ecosystem provisiorengice flow of timber will be limited to
remaining timber available over the number of yéaken to clear the forest.

However, in situations where sustainable use isgoeiade of the ecosystem, the estimated
expected flows into the future are infinite. An eggate may be derived by setting a standard
asset life, such as 25 years, over which analyéisalimptions are not expected to change. An
alternative is to measure the expected ecosysteritasdlows in terms of expected flows per
year noting that this may be greater or less tharnndependently derived estimate of a
sustainable flow. Measures of expected ecosystewicseflows should be clearly linked to
the measures of flows of ecosystem services showalble 2.2.

Measures of expected ecosystem service flows wilthallenging to estimate in light of the
complex and non-linear relationships between edesysservices flows and ecosystem
condition. Various assumptions will be needed agid]east, close collaboration between
compilers and scientists, in order to model theeetgd flows given assumed patterns of use
and expected ecosystem responses (dose-responterigh

Table 2.4 Expected ecosystem service flowsat end of accounting period

Expected ecosystem service flows per year
Forest tree cover Agricultural land? Urban and Open Wetlands
associated
developed areas

Type of ecosystem services

Provisioning services

Regulating services

Cultural services

* Medium to large fields rainfed herbaceous cropland
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A potential extension to Table 2.4 is to relate &xpected ecosystem service flows to the
various economic units. In this way, assessmentsade-offs between alternative baskets of
ecosystem services may be additionally informeddhta related to social and economic
effects.
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Accounting for changes in ecosystem assets is gleontask, especially in terms of defining
and accounting for ecosystem degradation. Theantagsues are discussed in Chapter 4.

General measurement issuesin ecosystem accounting

This section introduces a number of general meawnme issues that may arise in the
compilation of ecosystem accounts: (i) the integrabf information across different spatial
scales, (ii) the transfer of data, (iii) gross amet recording, and (iv) the length of the
accounting period. They are primarily practicaluss but are important considerations in
setting up a framework for ecosystem accountinigfiohg the general model outlined in this
chapter.

Theintegration of infor mation across different spatial scales

A primary objective of ecosystem accounting is tihganization of information sets for the
analysis of ecosystems at a level suitable fordéneelopment, monitoring and evaluation of
public and private policy and decisions. Consedyergonsideration must be given to
collecting and collating information pertainingrt@ny ecosystems across a region or country.
It is noted that there are other objectives for ahganisation of information on ecosystems
including the assessment of specific ecosysteniscat development projects. In these cases
there is less of a requirement to consider aligringénscales of measurement since the
ecosystem can be delineated in a manner relevahetgiven analysis. However, for macro-
level accounting and long-term monitoring such wittlial specification of the scale of
analysis is not appropriate and more structuredcsgmbes are required.

There are significant measurement challenges #ed ito be addressed in using spatial data,
particularly concerning the aggregation and disaggtion of spatial data. The primary
sources of the challenges lie in the uncertaintym@fasurement and the uncertainty of
understanding. The four main geospatial analytigadblems are known as the scaling
problem, the boundary problem, the pattern probéer the modifiable unit area problem.
Given the challenges involved the following parg@dna only point to the important
considerations from the perspective of ecosysterowating and geospatial expertise should
be involved in the design of the spatial units andlytical methods.

Following standard statistical practice, the cdregtament in the integration of information is

the delineation of units. The units model for ecbegn accounting of basic spatial units
(BSU), land cover ecosystem functional units (LCEdY ecosystem accounting units (EAU)
should provide a comprehensive coverage of aresva country. The units model provides

a basis for integrating information but it may Wwtt different techniques (as introduced
below) need to be used to integrate informationegnsystem services as distinct from
information on the condition of ecosystem assete $ame distinction between ecosystem
services and assets is relevant in the scalingaf diescribed in the following sub-section.

The information used to characterise the diffexamits provides important data that may be
used to aggregate and disaggregate across unitexample, BSU may be attributed with
information on standard characteristics such as, amnfall, and elevation, in addition to
being classified to a particular land cover typengequently, different units of the same land
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cover type may be constructed, compared and diffeated through consideration of these
types of characteristics. For example, high rairdall low rainfall forest may be compared
with respect to their extent, condition and genenabf services.

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

A register of BSU containing standard informatidsoat these units can be compiled by
combining remote sensing information, administ@tdata on land management, and land
based surveys of land cover and land use. Spatihhiques that facilitate this integration of
information include:

» Downscaling: the attribution of information fromlarger area to a smaller area that is
included within it. For example, a few 10°C bandi&hwsimilar temperatures may
represent average temperature for a country. B3&fimx within a given band would be
attributed with the temperature range of that b&wlvnscaling can be further refined by
using additional criteria. For example, BSU in td@gklevations may be assigned a lower
average temperature.

» Overlaying: Network features such as roads andrgiwvan be attributed to BSU by
overlaying maps of these features and recordindethgth that passes through the BSU.
The length of road or river that passes throughBB& can then be recorded in the
“register”.

» Aggregating: Smaller features can be counted ar #nea added to determine the number
or area within the BSU. For example, the numbepeadple residing in a BSU can be
counted if census statistics are sufficiently dethi The total areas of residences and
farms can be added up to generate a total for 8i¢.B

Combinations of these techniques are sometimesreefjto allocate between spatial units.

For example, the area of a farm that crosses twd Bfay be used to allocate the wheat
production between the two. The effectiveness efehtechniques will be enhanced by the
availability of core measures such as land covdrlagcations of households that can be used
as a basis of further estimates. In some casesegllimgd and expert judgement may be

required.

Where data gaps exist in terms of ecological, lard and socio-economic data, there is
potential to use these “unit registers” to desigmpgle surveys for ecosystem accounting
purposes in which the samples take into accoundiffierent characteristics. Social surveys,
business surveys and ecological field data cobectcould be designed to use these
characteristics as “strata”. For example, a repiiesi#e sample of businesses could be drawn
and stratified by LCEU type and EAU. Data collecteaim them on water consumption or
water emissions could then be aggregated to LCHlg tyr EAU with some assurance of
statistical rigour.
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Thescaling of data

The statistical approach described above requiresthodology for dealing with information

available at different spatial scales or only dingited number of locations. Often a large
amount of information on ecosystems comes from deduevaluations at individual sites.
Therefore, to develop information for other sitesover larger areas (without conducting
additional studies), it is necessary to considev tie available information may be best used.

Different approaches are available for transferiifigrmation across sites or to a broader land
area. Firstyalue transferwhich involves using information from a specifimdy site and
developing estimates for a target or policy siedascribed in greater detail in Chapter 5.
Second,scaling up,which involves using information from a study saed developing
information for a larger area that has similar eleteristics. Thirdmeta-analysisvhich is a
technique for assessing a large volume of infornatin various study sites and integrating
the information to provide factors that can be usecstimate information in target areas
taking into account various ecosystem charactesisti

SEEA Experimental Ecosystem Accounting recommeridg & rigorous description of
statistical units following standard statisticabgtice be undertaken together with rigorous
geospatial methods before an aggregation of infbomdo regional or national levels takes
place. Using such a description of units, the @afibn of the advancing techniques around
benefit transfer may be undertaken with greateustiess and in a manner more in line with
standard approaches in official statistics (such saspling, weighting, editing and
imputation).

Gross and net recording

The terms gross and net are used in a wide rangecoiinting situations. In the SNA the term
net is used to indicate whether an accounting agdeehas been adjusted for consumption of
fixed capital (depreciation). In other situatiotise term net is used simply to refer to the
difference between two accounting items. The tegnoss and net are also used to describe
different aggregates that have related but differe@asurement scopes. In the measurement
of ecosystem services, the term “net” may be usethdicate that the estimates do not
incorporate any double-counting that may arisetdugverlaps between areas, overlaps in the
use of different methods, and overlaps due to eobgnising distinctions between final
ecosystem services and underlying ecosystem pexassl flows.

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

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

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

analysis®®

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

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

Measures of ecosystem assets should relate tqp#rery and closing dates of the associated
accounting period. If information available for thmurposes of compiling accounts for
ecosystem assets does not pertain directly to thates then adjustments to the available data
may be required. In making such adjustments anchifertaking analysis, an understanding of
relevant shorter seasonal and longer natural cyeiisbe required. Further, it will be
necessary to take into account potential time aseen measures of ecosystem condition
and measures of ecosystem services. This can keeljoassuring that the appropriate time-
frame is recorded along with the data on conditiand resulting services. For example, the
rainfall in one calendar year may influence cropduction in the subsequent calendar year.

Data quality and scientific accreditation

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

Commonly, data quality is associated with accuray accuracy is only one element that
needs to be considered in the context of the o#hements of data quality. Given the

% For example hydrological years may not align veigendar or financial years (skeernational Glossary of
Hydrology, 2° ed, UNESCO/WMO, 1992).
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measurement challenges faced in advancing ecosysteounting it is important that all
elements of data quality be brought into considamnat

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

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

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

Compilers are encouraged to work at national anermational levels to develop relevant
accreditation processes for scientific and othfrmation relevant for ecosystem accounting.
In this context, it is noted that general statédtiuality frameworks, such as the UN National
Quality Assurance Framework, are applicable to lysjral data as well as socio-economic
data. These frameworks are tools to assure thatatatcollected and compiled according to
international standards and are subject to ap@atpguality assessment procedures.

Relationship of SEEA Experimental Ecosystem Accounting to the SEEA Central

Framework

2.125

2.126

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

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

% Administrative data sets are often set up andyaedlwith a focus on smaller or borderline cas#serahan
on those cases that may be the most statisticgihyfisant. A similar trait applies to some ecolcgi data. For
example, water quality data may be collected femarwhere there is a known pollution problem rathan
being collected to provide a broad coverage ancesgmtative sample of water quality.
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It is noted that the production of goods on owneat (for example, the outputs from
subsistence farming and fishing, the collectiorfiwood and water for own-use, and the
harvest of naturally occurring products such agié&®r is within scope of the production
boundary defined in the SNA and used in the SEEAtiGeFramework. Consequently, these
flows are within the scope of the SNA benefits rded in SEEA Experimental Ecosystem
Accounting.

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

Second, SEEA Experimental Ecosystem Accountingidens environmental assets from a
different perspective compared to the SEEA Cerfiralmework. Environmental assets, as
defined in the Central Framework, “are the natyradlccurring living and non-living
components of the Earth, together comprising tbepbiysical environment, that may provide
benefits to humanity’ . This scope is broader than the physical assetdary used in the
SNA which is limited to those assets that have @nemic value in monetary terms. Thus,
for example, in the SEEA all land is included refjess of its value.

This broad scope encompasses two complementarnyguéinges on environmental assets. The
first perspective, which is the focus of the SEEAn@al Framework, is of environmental

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

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

Accounting for specific elements, such as carbomtloer environmental characteristics, such
as biodiversity, is covered in SEEA Experimentalo§stem Accounting but these are
specific perspectives taken within the same biosglay environment as defined by
environmental assets in the SEEA Central Framework.

While there is, in principle, no extension in thie-physical environment, there are some
particular boundary issues that warrant considamatiparticularly concerning marine

ecosystems and the atmosphere. The ocean and riuspdiere are excluded from the
measurement scope in the SEEA Central Frameworkulsecthe associated volumes of water
and air are too large to be meaningful for anafytipurposes at the country level. Their
treatment in the context of ecosystem accountirdisisussed in the context of statistical units
for ecosystem accounting in Section 2.3.

An important part of the SEEA Central Frameworkhis definition of depletion of individual
natural resources. SEEA Experimental Ecosystem u#ming considers measures of

2T SEEA Central Framework, 2.17.
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depletion within a broader concept of ecosystenratigion. Ecosystem degradation is a
measure that covers not only the using up of ressubut also the declines in the capacity of
ecosystems to generate other ecosystem servigesifiltration).

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

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

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

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

Finally, regarding valuation, the valuation prifep applied in SEEA Experimental
Ecosystem Accounting are consistent with the SEEt@l Framework and the SNA.
However, since many ecosystem services are nattlfinr@arketed it is necessary to consider
a range of approaches to the valuation of thesgcesrand to assess the consistency of these
approaches with the concept of exchange valueuthderpins the recording in the SNA. In
the consideration of different valuation approacitess important to distinguish between
measures of value that are based on market exchages and those that may include
consumer surplus.
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[11: Accounting for ecosystem servicesin physical terms

Introduction

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

This chapter discusses a number of measurememsisslated to compiling information on
ecosystem services in physical terms. The word Sggay’ in this context means “non-
monetary” and measurement in “physical terms” ergasaes ecosystem services that reflect
flows of materials and flows of energy, servicdatesl to the regulation of an ecosystem, and
flows related to cultural services. In Section 2 focus is on further articulating the
measurement boundaries for ecosystem servicesagsifitation of ecosystem services is
introduced in Section 3.3 and the basic approadomapiling accounts for ecosystem services
is outlined in Section 3.4. Section 3.5 introdueramples of approaches to the measurement
of various ecosystem services.

Measurement boundaries and characteristics of ecosystem services
Types of ecosystem services

A fundamental aspect of ecosystem accounting isgration that a single ecosystem will
generate a range of ecosystem services thus aatmigbto the generation of a number of
benefits. In some cases the ecosystem servicedhmayoduced “in tandem”, such as when
forest areas are preserved and provide air filmaservices as well as opportunities for
recreation and walking. In other cases the ecosyst&rvices may be in competition, such as
when forest areas are logged thus providing thefiierof timber but losing opportunities for
recreation. Ecosystem accounting enables the emtimmof these trade-offs.

To support evaluation of these trade-offs ecosystemices are grouped into different types.
In SEEA Experimental Ecosystem Accounting, buildiolg a number of large ecosystem
service measurement projects, three broadly agcasegories of ecosystem services are
used®®

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

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

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

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

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

The developing Common International Classificatioh Ecosystem Services (CICES)
provides additional detail within these broad gmupection 3.3 presents higher levels of an
interim version of CICES.

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

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

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

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

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

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

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

benefits (in the form of public benefits) needbéoconsidered in relation to the private values
of assets that are already included in the stanaidnal accounts.
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Relationship between generation and use of ecosystem services
The generation of ecosystem services is assumdzk table to be attributed to particular

ecosystem assets of known spatial area. Howevisrnivt necessarily the case that the users
of the ecosystem services are in the same spatial @his is particularly true of regulating
services and cultural services where the benefsanay often live in cities and large urban
areas while the services are generated in ecosystemy from these areas. Although simple
assumptions regarding the location of the benefesacannot be made, it is important in
accounting for ecosystem services that attemptsra@e to understand the likely areas in
which beneficiaries are found. This informationneeded to ensure that changes in the
population of beneficiaries are taken into accomnmeasuring the volume of ecosystem
services. The location of beneficiaries should dsotaken into account when developing
estimates of ecosystem assets since measures eftedpecosystem service flows will be
related to expected changes in populations of iddals and enterprises.

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

The majority of provisioning services are likely be generated and used in the same
ecosystem since it is necessary for the relevatenats to be harvestad situ*° Subsequent
transactions involving the processing, transpanatind sale of harvested materials are the
subject of standard economic accounting and arethtfocus of ecosystem accounting
presented here. At the same time the linking okgstem accounts and standard economic
accounts is facilitated through the use of the SHEsfnework and hence extensions to
analyse the relationship between ecosystem sendces a more complete series of
transactions, including international trade flowsy be developed.

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

M easurement boundariesfor ecosystem services
Supporting services

Chapter 2 noted that the definition of ecosystemices excludes the set of flows commonly
referred to as supporting services. These inclnte-iand inter- ecosystem flows and the role
of ecosystem characteristics that are togetheeateftl in ecosystem processes. The exclusion
of supporting services ensures that the scope ofystem services in accounting terms
reflects only the point of interaction between husiaand ecosystems. This notion of
ecosystem services is often referred to as “ficakbgstem services” in that they are the final
outputs that are generated and used from an eeasy$te focus on final ecosystem services
helps to avoid double counting the contributionecbsystem services to the generation of
benefits.

% This observation is also true for water since etreugh the water itself is likely to be “generatextross
multiple ecosystems, the provisioning service arisethe time the water is abstracted from a waoely (e.g.
river, lake) that is within a single ecosystem.
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In concept, as described at a high-level in Chaptdris possible to describe a series or chain
of flows linking various intra- and inter-ecosysteilows with ecosystem services and
subsequently to benefits. For certain analyses,ppimg” this chain may be particularly
important in order to assess the ecosystem widdidatipns of specific decisions, for
example to understand the impact of increasingdstmf timber from a forest. In practice, the
complexity of ecosystem processes means that dledketand complete accounting for
supporting services is very difficult to supports & consequence, the approach in SEEA
Experimental Ecosystem Accounting is to account éoosystem wide effects through
assessments of changes in ecosystem assets. Adathe time, mapping the chains of
ecosystem flows may be important in certain situi

While supporting services should be excluded, daténg the final output of an ecosystem as
distinct from various supporting services may biialilt. However, in accounting terms the
distinction is important. Without the distinctiolnet measurement process may aggregate both
ecosystem services and supporting services ancegoestly overstate the contribution of
ecosystem services in the generation of benefit$. differently, the supporting services
should be seen as an input to the ecosystem semiteh are therefore embodied in the flow
of ecosystem services to benefits. Adding togetbipporting services and ecosystem services
therefore represents a double counting of the tdation of supporting services.

Biodiversity and ecosystem services

As summarised in Chapter 2, the relationship batvwesmsystem services and biodiversity is
complex. On the one hand, biodiversity is a corgatteristic of ecosystems, and on the other
changes in ecosystem extent and condition reflenges in biodiversity.

In general, in SEEA Experimental Ecosystem Accouptibiodiversity is considered as a
characteristic of ecosystems rather than as arystems service and hence is best accounted
for as part of the assessment of ecosystem assetparticular as part of the assessment of
ecosystem condition. In this context, falling bialisity (as measured for example by
reductions in the number of species in a given)angih generally correspond to declining
ecosystem condition.

However, biodiversity may be considered an impdrt@amal ecosystem service in some
circumstances and these flows should be recordegbpopriate. For example, ecosystem
services should be recorded to the extent thaidcspecies, such as the giant panda, provide
cultural services.

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

As noted in Chapter 2, ecosystem services do poesent the complete set of flows from the
environment that contribute to economic and othemdn activity. Important examples of

other environmental flows include the extraction rofneral and energy resources from
underground deposits, energy from the sun for tbeiipg of crops and as a renewable source
of energy, and the movement of wind and tides wicih be captured to provide sources of
energy. More broadly, the environment provides $pace in which economic and other
human activity takes place and the provision ofcepanay be conceptualised as an
environmental flow. Collectively, these other flofyem the environment are referred to as
abiotic services and contribute to many SNA and-8biiA benefits. The measurement of a
number of abiotic services is discussed in Cha@ensd 5 of the SEEA Central Framework.

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

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

Accounting for flows related to joint productionarbps and other plants

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

The involvement by economic units in the productadrcrops and other plants takes place
along a continuum and there are varying degreeshich the growth of these biological

3L It is also recognised that a number of resourcesidered abiotic, such as fossil fuels, are thérasethe
outcomes from ecosystem processes but on a qfieeedlit time scale.

49



resources is managed. Consequently defining stdndées by which the contribution of
ecosystems can be measured is difficult. To daventain approaches have emerged to define
a boundary for accounting purposes. The first agpgraneasures the ecosystem services as
equivalent to the amount of the crop that is hdedesirrespective of the extent of
management of the growth of the crop. It may berretl to as the harvest approach.

3.24 The second approach distinguishes between theteotenanagement of growth by defining
some crops as hatural and some as cultivated fioigpwhe logic outlined for the SNA
production boundary. Where the crop growth is nahaged (e.g. timber logged in naturally
regenerated forests) the ecosystem service is éguhk amount of crop that is harvested.
Where the crop growth is cultivated, the ecosystemices are equated to the combination of
soil nutrient cycling, abstraction of soil watemllpation and other ecosystem processes
involved in the growth of a plant that a growerlisg¢is in combination with other inputs
(labour, produced assets, fertilisers, etc). lhegitsituation the measured ecosystem service
still represents the input “purchased” from the system by the grower and hence the
ecosystem service remains the final output of dusystem.

3.25 For ecosystem accounting there are a range ofrfatdaonsider

(i) First, it is likely to be useful in all measurementexts to describe the chain of
flows (including intra- and inter-ecosystem flows)ated to cultivated and natural
biological resources such that there is a full apiation of the ecosystem linkages
and to recognise that there are many points irgtbeith process at which human
influence may occur.

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

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

3.26 Recognising the need for a measurement bounddvg trawn for accounting purposes, the
proposed approach for SEEA Experimental Ecosystaooénting is the second approach.
This approach applies the SNA distinction betweatumral and cultivated growth processes
for ecosystem services from biological resourcesingothat ideally the accounts would
distinguish a number of management practices tdebeteflect different degrees of
management intensity which, in turn, are likelyaffect ecosystem assets in different wiys.

%2 1t may be especially useful to distinguish thedoretion of crops within highly intensive systemsisias
greenhouses which may use few ecosystem services.

% 1t should be recognised that this approach doesrelate to an assessment of whether the associated
ecosystem may be considered natural but rathesciises on the degree to which the growth of the cro
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This approach provides a measurement boundarycfisystem services that aligns with the
SNA production boundary and also the boundary lier €Classification of Natural Inputs as
described in the SEEA Central Framework. Imporjarkie principles of the approach can be
applied consistently across different types oficated biological resource (e.g. for crops,
orchards, livestock, etc).

It is recognised that this approach is not consisigith many existing approaches to
measuring ecosystem services — for example theeiilbm Ecosystem Assessment (MA)
and The Economics of Ecosystems and BiodiversiBEB). In these exercises the ecosystem
service boundary for crops has been equated tortps themselves, while for livestock the
ecosystem services is the same as proposed abioxpdogial to the grass eaten. In concept,
the approach used in MA, TEEB and other studiess psinciples relating to the removal of
biotic resources from an ecosystem rather than idersgion of the SNA production
boundary.

In practice it may be difficult to articulate anceasure all of the various ecosystem processes
and intra- and inter-ecosystem flows for differenttivated biological resources. Hence it
may be appropriate to apply the harvest approackiflivated crops and other plants. This
assumes that the various flows such as pollinatiatrients from the soil, and water that input
to the growth of the mature crop flow in fixed poofion to the quantities of harvested
product. Provided that the joint production funoti@mains relatively stable (in terms of the
relative degrees of human and ecosystem involveémemn this assumption may be
reasonable.

Mode for the measurement of ecosystem services

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

Annex A3.1 shows further examples of the applicatib this model to selected provisioning,
regulating and cultural services. The annex alsoudises possible measurement approaches
for the various ecosystem services.

produced is more or less cultivated. Thus wild rEbbaptured in agricultural lands would be consdeto be
grown naturally, i.e. uncultivated.
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Figure 3.1. Provisioning of fodder for livestock

Inputs to pastures e.g. fire control, Inputs to animal holding
fencing, seeds for improved e.g. herding,
astures veterinary care

Ecosystem ES: Grass and other /' Grazing by \ Animals, milk,
animal feed farm meat, hides
(pastures/ animals
grassland) v (e.g. cattle)
Manure

Other measur ement issues

Defining volumes of ecosystem services

Ecosystem services are defined as the contribttidsenefits and hence should be measured
only when SNA or non-SNA benefits can be identifi@thus, if there are no beneficiaries
there can be no ecosystem service flows. Consistghtthis treatment, the volume of any
ecosystem service will rise as the number of berzefes increases. For example, a walking
track in a forest provides more cultural servicestlee number of people using the track
increases. This result reflects the starting pfwntaccounting for ecosystem services being
the use of ecosystems in economic and other huotaitya

As a result of this logic, in concept, there may rme ecosystem services from a given
ecosystem asset during an accounting period. Haowévwemains relevant to assess such an
ecosystem asset for three reasons. First, therebmadlye capacity for an ecosystem asset to
provide ecosystem services in the future and hemeasures of the asset and changes in the
asset are relevant. Second, the ongoing generafi@rosystem services may be highly
variable or infrequent and hence recording no flofwscosystem services in some accounting
period may be expected. Third, although an ecosysieset may not provide ecosystem
services directly, it may contribute important iméeosystem flows as part of the ecosystem
processes that generate ecosystem services inembgystems.

“Storage” of ecosystem services

For some ecosystem services such as those rel@tirige harvesting of timber or the
abstraction of water, it is possible to observe “dierage” of ecosystem services for future
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use. This may be seen when certain natural respureailable for use are not harvested
during an accounting period and may increase thrawgural regeneration or replenishment.
In accounting terms, these “unused” ecosystem&es\are recorded as increases in the stock
of the relevant natural resources (as part of tleasurement of ecosystem assets). In
subsequent accounting periods these higher levedtook are available for future d8eand
should only be recorded as ecosystem servicesdnp#niod in which they are actually
harvested. In effect, part of an ecosystem asgeesents an inventory of natural resources
that may be increased or decreased through regiemeoa extraction.

Disservices

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

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

Scale

The scale of measurement required to assess tleeagien and use of ecosystem services will
vary by type of ecosystem service. Some may bergtstkin a very small area whereas some
may be generated over quite large areas. Henceotien of services being generated “from
an ecosystem” may be interpreted in different wadggsending on the ecosystem service under
consideration. For measurement purposes it is remrded that particular attention to paid to
the formation of meaningful spatial units (as dgsmd in Chapter 2) as this will provide a
means to manage issues of scale and coveragegsteanstic way.

Flows of ecosystem services between countries

There are a number of aspects to consider congefliws of ecosystem services between
countries. First, there are some regulating sesyifmr example carbon sequestration, where

34 Note that the pattern of growth in stocks is k&l be non-linear over time.
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the provision of the service provides benefits ltqpaople irrespective of the location of the
relevant ecosystem. From an accounting perspeittiweuld be possible to record imports
and exports of ecosystem services in this situateffecting the distinction between the
generation of the service and the location of teaeficiaries. Similar, but smaller scale,
transactions might be recorded in relation to diration and water purification services
between neighbouring countries.

Second, non-residents visiting a country are likelyuse ecosystem services and, similarly,
residents visiting another country are likely tce uscosystem services from the country
visited. These flows of ecosystem services may dmorded as imports and exports of
ecosystem services as appropriate. A related igitugbncerns provisioning services from
fish caught by resident producers in non-residesieve. These services should be treated as
an import of an ecosystem service in the accourttseocountry undertaking the fishing.

Finally, it is noted that there are likely to beterecosystem flows that cross country
boundaries. Flows of water via major rivers areaatipular example. As described, inter-

ecosystem flows are not flows of ecosystem senhiosgever these flows should be recorded
as part of a complete accounting for ecosystentsadser accounting purposes they may be
identified separately from inter-ecosystem flowshivi a country but the overall conceptual

treatment is analogous.

Classification of ecosystem services

The classification of ecosystem services describedSEEA Experimental Ecosystem
Accounting — the Common International Classificatmf Ecosystem Services (CICES) - is
aligned with the discussion on measurement boueslaaind characteristics of ecosystem
services described in Section 3.2. CICES fits theobroader picture of ecosystem accounting
by providing a structure to classify those flowdimed as ecosystem services. It does not
provide a structure to classify ecosystem assetxsystem processes, ecosystem
characteristics, abiotic services or benefits. g3 in Chapter 2 places all of these parts of
ecosystem accounting in context.

At the broadest level three different categorieseodsystem services are distinguished in
SEEA Experimental Ecosystem Accounting: (i) prasisng services; (ii) regulating services;
and (iii) cultural services, as defined in Sect®?2.

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

There are three important boundaries in relatioBI©ES.

(i) First, abiotic services are excluded. Where relevan analysis, estimates of these
flows may be appended to presentations showingystera services.

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

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

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

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

Accountsin physical termsfor ecosystem services
Introduction

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

Following the units model outlined in Section 2a3)seful starting point for the measurement
of individual ecosystem services is likely to betla level of LCEU. For many ecosystem
services this approach will be appropriate sincaymecosystem services will be generated
within the spatial area defined by an LCEU.

Where an LCEU is completely contained within an EAdJ attribution of observed physical

flows to finer spatial levels, i.e. to BSU, is régul for reporting at the EAU level. However,

where a particular ecosystem service is generated an area that crosses LCEU and EAU
boundaries, attribution of information to finer &phlevels, such as BSU. is likely to be

required in order to permit attribution to the EAdvel.

% Materials relating to the development of CICES aiber documents relating to the classification of
ecosystem services are listed in the Referencesxann
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The process of attributing information to BSU mayuire particular assumptions, scientific
knowledge or other information. It is likely to belevant to consider the discussion on
integrating information across spatial scales imtiBa 2.5. This is an area of ecosystem
accounting in which further testing and developn@nhethods is required.

M easurement unitsfor ecosystem services

The measurement units used for recording flowscobgstem services will vary significantly
by type of ecosystem service. Provisioning servig#isgenerally be measured in units, such
as tonnes or cubic metres, that reflect the retephpsical properties of the underlying input.
However, they may also be measured in units spgewfithe type of service. For example
biomass based energy may be measured in joulesnédbures should reflect the total flows
of the ecosystem service over an accounting peuisuglly one year.

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

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

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

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

For presentational purposes it may be relevanbtwert all of the measures into index form
with a common reference year set equal to 100. Toems may be placed on increases or
decreases in flows of ecosystem services over timglicitly however, such a presentation

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

each service would not be clear.

Possibletablesfor ecosystem services

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

No row is included to reflect a total flow of diffnt ecosystem services. This is because the
aggregation of estimates across different servisesot straightforward and is subject to
considerable caveats. The following sub-sectiooutises relevant approaches and concerns.



Table 3.2 Physical flows of ecosystem servicesfor an EAU

Typeof LCEU

Forest tree
cover

Agricultural
land*

Urban and
associated
developed areas

Open Wetlands

CICES)

Type of ecosystem services (by

Provisioning services

e.g. tonnes
timber

of e.g. tonnes of
wheat

Regulating services

e.g. tonnes
CG,
stored/release

pf e.g. tonnes of
Co,
i stored/released

e.g. tonnes of
Co,
stored/released

e.g. tonnes of B
absorbed

Cultural services

e.g. number

of

e.g. hectares of

e.g. hectares o

visitors/hikers parkland duck habitat

* Medium to large fields rainfed herbaceous cropland

3.57 By definition the total generation of a single g&iem service should equal to the total use of
that service. However, the use of the servicesrg#g@ within a single EAU may not all take
place within the EAU. For example, urban areas wéhefit from the air filtration services
provided by nearby forests. It may therefore beindérest to further disaggregate the
information on the use of ecosystem services byiadparea recognising those services that
are used by people within the EAU and those usegaebyple outside the EAU.

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

Table 3.3 Generation and use of ecosystem servicesfor an EAU
Generation of ecosystem services Use of ecosystem services

Enter- | Households | Govern| Rest  of | Total Enter- Households | Govern| Rest  of | Total

prises ment the world prises ment the world
Type of
ecosystem
services (by
CICES)
Provisioning
services
Regulating
services
Cultural
services

3.59 A full articulation of ecosystem service flows régs consideration of flows to and from the

rest of the world. These flows are of two main g/pléirst, there are ecosystem service flows
between countries that reflect the generation obgstem services in one country where the
beneficiary (not necessarily the sole beneficig@pcated in another country. For example, a
forest located on a national border may providdiktiation services to people living in both
countries.
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Second, there are ecosystem service flows generateoh a country by both residents and
non-residents where non-residents include peopeelling for business or pleasure, or
enterprises located temporarily in a different doprFollowing the structure of the standard
economic accounts, ecosystem services generataid®uhe economic territory may be
considered imports and those generated within toaamic territory by consumed by non-
resident beneficiaries may be considered exports.

In Table 3.3 the columns labelled “Rest of the wbihclude both of these types of flows
between countries and their resident economic uldesally, these different types of flows
should be distinguished. It may also be useful doalytical purposes to determine what
proportion of use of ecosystem services by domestimomic units (enterprises, government,
households) is supplied by ecosystem services fhemest of the world. Note that ecosystem
services that are embodied in traded productsxXample, provisioning services embodied in
imports and exports of timber, should not be reedrth this table. The ecosystem service
flow recorded in this instance is from the ecosyste the enterprise undertaking the logging
activity. Subsequent flows of products are recorelsdwhere in the accounting framework.

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

Information organised following the broad structimeTable 3.3 may be compared directly
with information on economic activity organisedléeling the standard economic accounts.
For example, information on the use of ecosystemicas by enterprises may be compared
directly to measures of intermediate consumptich@utput of enterprises, possibly classified
by industry. Estimates of use of ecosystem senbgdsouseholds can be directly compared to
estimates of household final consumption expenelitRecalling that ecosystem services are
contributions to benefits, it may also be of ariajtinterest to assess the extent to which the
SNA benefits embody ecosystem service inputs lgniadg information by type of ecosystem
service with specific products from the standaroneenic accounts. Finally, measurement of
the generation and use of ecosystem services m®\wdstarting point for integrating these
flows within a sequence of accounts since thesesfloan be considered as extensions to the
standard production account of the SNA. The implices are described in more detail in
Chapter 6.

Approachesto aggregation of ecosystem services

In the context of ecosystem accounting, aggregatigalves bringing together information
about a particular spatial area to provide overalsures of flows of ecosystem services.
Three different forms of aggregation can be enwdad-irst, there is aggregation of the
various ecosystem services within a spatial ar@agfample within an EAU). Second, there
is aggregation of a single ecosystem service acnodtsple spatial areas within a country (for
example, across multiple LCEU). Third, there israggtion of all ecosystem services across
multiple (potentially all) areas within a country.

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

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

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

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

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

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

aggregate values in response to variations in #ighting patterns). However, this should not
be seen as a substitute for understanding the ptuatémplications of choosing a particular

type of weights. This is especially the case whensiering the use of prices given the
conceptual and practical complexities describedhiapter 5.

Beyond the choice of weights the other significesgue in aggregation across different
ecosystem services is the extent to which the medscosystem services provide a complete
coverage of all ecosystem services. Indeed, inadequoverage may be a more significant
issue in terms of the interpretation of aggregttas the selection of weights.

The aggregation of the same ecosystem servicesanrokliple ecosystems will not generally
require dealing with different measurement unitswver, there are measurement challenges
relating to the extent to which an ecosystem sergan be considered to be of a consistent

% Additional details on the compilation of compositdicators are provided in an OECD/JRC handbook.
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character and quality across different spatialsaréan ecosystem service has been measured
in each area and is considered to be of consigqtality then aggregation is straightforward.
However, often in ecosystem services measuremeist itecessary to estimate flows of
ecosystem services using data from various sites then to use scaling and transfer
techniques (discussed in Chapter 2) to provideneséis for other areas. In these cases it is
assumed that differences in quality of ecosystawices between areas are taken into account
by adjusting for any variations in ecosystem chiarastics.

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

M easuring ecosystem services

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

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

the measurement of ecosystem services and to e&tikin the measurement concepts.

Provisioning services

Provisioning services should be the most amenabieeasurement as many of the indicators
relate to currently measured aspects of econontigitgc At the same time, defining the
boundary for cultivated crops and other plants nmagan that a range of additional
information is required in order to measure floekated to these cultivated resources.



Table3.4 List of selected ecosystem services described in annex

Name of ecosystem service

Description of ecosystem service

Corresponding benefit

Provisioning Services

Services for

production

crop|

Abstraction of soil water, nutrient uptake, pollioa for the growing
of crops, etc

Crops can be consumed directly
further processed.

Fodder for livestock

Rangelands provide fodder ggraherbs, leaves from trees) fi
livestock

olLivestock products (including animal

meat, leather, milk)

By

Raw materials including
wood and non-timbe
forest products

Ecosystems, in particular forests, generate stetkwood and non-
timber forest products that may be harvested. Nuber forest
products include for instance rattan, various fgodducts, genetig
materials, ornamentals, and pharmaceutics.

Firewood, logged timber, non-timbg
forest products.

=

Fish and other aquatic
and marine species fro

marine and inland waters

n species that can be harvested.

Marine and other aquatic ecosystems provide stotKish and other|

Fish and other species can be consu
or further processed.

ned

D
Water

Water that is filtered and stored by ecosystean be used as ra
material for the production of drinking water oreus other economig
activity (e.qg. irrigation).

wDrinking water

Regulating Services

Carbon sequestration

Ecosystems sequester andccatbn

Climate regulation

Air filtration

Vegetation can filter particulate ritar from ambient air

Cleaner air

Flood protection

Ecosystems regulate river flowd ean provide a barrier to floods

Protection mfgerties and lives

Cultural services

Providing opportunities
for tourism and

Ecosystems provide physical space and landscapegdegeople enjo
view, or undertake activities in (hiking, cycling)

Recreational benefits

recreation

Regulating services

3.76 Typically, regulating services involve a procesgutated by the ecosystem that provides a
non-SNA benefit to society and individuals in therni of lowering the risks of certain

negative outcomes (such as polluted air). Howdyeical for this category of services is that
a range of conditions and factors need to be ineplzefore a benefit is received. Thus, the
processes regulated by the ecosystem only genarbemefit - and therefore an ecosystem
service - in situations where the ecosystem preseafect people. For instance, air filtration
by vegetation only materialises as an ecosystemicgeif there is air pollution in the

atmosphere that the vegetation is absorbingifatitere are people living nearby that benefit

from a lower concentration of air pollutants.

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

can take place.

3.78 The delivery of regulating services is commonly amateasingly affected by land use choices
made by economic units and society generally. Avcal level the delivery of regulating
services may be affected negatively by the remofakegetation, for example. Equivalently,
the delivery of regulating services may be enhanmgdhe planting of vegetation or the

protection of existing vegetation. Thus, while tegulating services themselves are generated
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from ecosystem processes, the extent of their etglican be materially affected by human
activity.

Cultural services

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

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

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

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

landscape.

Setting priorities for measurement of ecosystemices

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

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

Environmental concerns, data availability and poloontexts will differ in each country,
hence the selection of ecosystem services for stasyaccounting will differ. In general,
from a methodological and data perspective, oftestrfeasible for ecosystem accounting are
the provisioning services including water supplince the benefits arising from these
ecosystem services are generally measured as patarmlard economic accounts. While
measurement of provisioning services may be usefuhderstand the relative dependence of
economic activity on ecosystems, the additionaueabf ecosystem accounting lies in
broadening the range of measurement and gathernfogriation on regulating and cultural
services whose significance may not be reflected @ standard economic statistics.



Table3.5 Criteriafor prioritization of ecosystem servicesfor accounting purposes

Criterion

Brief explanation

Environmental Concerns

1

Sensitivity of the service to changes in the mmment, including
from anthropogenic stressors.

Consideration may be given to services that arsitbes
to environmental change / well reflect changesatural
capital stocks.

Likelihood of irreversible loss of ecosystem segg including by
the supplying ecosystem being pushed past a signifithreshold
and out of its “safe operating range”.

Consideration may be given to services that
generated from ecosystems that are generally uioder
to be close to significant environmental thresholds

are

o

Policy context

3

Possibility to influence environmental and/or mmmic policy and
decision making (decision making context)

Consideration may be given to services that
relatively easily be influenced by decision makiimg
order to have maximum relevance for policy making.

can

Economic importance of the ecosystem service.

sideration may be given to those services
generate the highest economic benefits.

hat

Data and methods

5

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

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

ich

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

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

ich

Availability of data for measuring ecosystem &% in physical
terms

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

ir

Availability of data for measuring ecosystem &% in monetary
terms

Plans to generate new data on ecosystem sebtipps/

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

3.84

3.85

As part of broadening the coverage of ecosystemices;, the measurement of water and
carbon are two areas that may be considered foicpiar focus. Data on water resources is
often available, in particular regarding the aldtom of water for drinking and other
purposes. However, the link between ecosystem neameigt and water provisioning is less
clear, with regards to such aspects as water paitiifin in aquatic ecosystems or in the soill,
water storage in ecosystems in upper watersheds,Gaéten the economic importance of
water supply and the pressure on water resourcasiy parts of the world, including this
service in ecosystem accounts may be a prioritmamy countries. A challenge is to better
understand, in particular at high aggregation viie infiltration, purification and storage
processes involved. The incorporation of measuedating to water within ecosystem
accounting is significantly aided by the developtm&hinternational standards on accounting

for water presented in SEEA Water and a
Recommendations for Water Statistics.

companitandard, the International

Recent years have seen a strong increase in inteithe carbon related ecosystem services of
carbon sequestration and the storage of carbomeTida large amount of research on-going
aimed at quantifying these services at differeates; from local processes to national stocks
and flows. The development of REDD (Reduced Emissidrom Deforestation and
Degradation) market mechanisms means that thetsas increasingly, information available
on markets related to carbon. Given the broad esteand the increasing availability of
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methods and data relevant for this service, thigie® has a high potential for inclusion in
ecosystem accounts.

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

It should be noted however, that although scientifiethods and data are relatively well

developed for this service, this does not equagliyyato all ecosystems, with relatively much

data available for forests, and relatively few datalakes and coastal systems. There may
also be data and/or methodological constraintde@léo analysing carbon sequestration in
degraded forests and in forest/landscape mosaicthdr discussion relating to accounting for

stocks and flows of carbon is presented in Chapter



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

A3.1 This annex provides examples of measurement appesafor some selected ecosystem
services. It is recognised that presenting therin&bion in this de-constructed way may give
the impression that ecosystem services are eagphrable flows. In reality, the measurement
of ecosystem services must start from a more oksnse of an overall ecosystem and the
range of different services that effectively emeirgen the ecosystem as a bundle of services.
However, as a matter of statistical and scienéfiproach, direct measurement of this bundle
is not possible and hence a decomposition mustideted.

Provisioning services
Provisioning services for crop production

A3.2 Crop production includes the production of annuadl @erennial crops in cultivated land
including plantations, see Figure A3.1. The ecasystservices associated with crop
production comprise pollination, abstraction oflse@ter and soil nutrient uptake and
fixation. The farmer or land manager (i) managesaaegular basis, the overall production
environment, i.e. the farm or plantation, for imsta by constructing wind breaks or irrigation
reservoirs, pruning, etc; and (ii) harvests crogisgilabour and machinery. In practice, it may
not always be easy to distinguish between thederdift inputs at an individual farm level.
Crop residues are recorded as remaining in the, fegld returned to the ecosystem (a type of
intra-ecosystem flow).

Figure A3.1. Crop production

Inputs to maintain and prepare

. : Inputs for harvesting
land e.g. terracing, windbreaks

e.g. labour, machinery

ES: Nutrient
and water
uptake,
pollination

L

Crop residues

Ecosystem
(agricultural
land)

Harvested crops

Harvesting

Provisioning of fodder for livestock

A3.3 In livestock grazing, the service supplied by tltesystem relates to the amount of animal
fodder grazed by livestock. This animal fodder cosgs annual and perennial grasses and
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herbs, leaves from trees, etc. The livestock hgldiystem may be more or less intensive, for
instance free ranging cattle grazing large stretobfesemi-arid rangeland, or dairy cattle
grazing confined pastures. The land manager magstnm managing the overall ecosystem,
for instance by sowing improved pasture varieties,by building fences or firebreaks.
Livestock holding is the activity undertaken by taed manager in the ecosystem, involving
all aspects related to animal production and riegulh outputs of animals, wool, milk, meat,
hides, etc.

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

Figure A3.2. Provisioning of fodder for livestock

Inputs to pastures e.g. fire control, Inputs to animal holding
fencing, seeds for improved e.g. herding,
astures veterinary care

ES: Grass and other

Ecosystem Grazing by \ Animals, milk,

i / animal feed farm meat, hides
(pas ures animals
grassland) (e.g. cattle)

Manure

Provisioning of wood and non-timber forest products

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

Consistent with the application of the distinctibatween cultivated and natural biological
resources, the flows related to wood from naturadigenerated forests and NTFP are
presented in Figure A3.3 while the flows relatedMood from plantations should be shown
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following the same logic as presented in FigurelA8.relation to provisioning services for
crops.

For logging, a number of inputs are required suxtabour, a saw and a truck. The product
resulting from the logging is logged wood, withlifeg residues returned to the ecosystem.
Wood can have a wide range of different qualitisth the benefit (logged wood) and the
ecosystem services (wood) can be measured in tefrkg/ecosystem/year. The difference
between the two is that the ecosystem service septe wood at the moment immediately
before it is felled. The benefit arises immediatdier felling.

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

Inputs to forest land, Inputs for harvest, e.g.
e.g. firebreaks machinery, labour,
fuel

Ecosystem ES: Wood
(forest)

Harvest
(logging)

Felling residues + branches

Provisioning of fish and other aquatic and margpecies

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

The ecosystem service is the fish as it is hardgsterresponding to the ‘gross removal’). The
benefit resulting from the activity fishing is alésh. The ecosystem service may be measured
in physical terms in terms of the amount of fistuglat (i.e. the gross removal from the
ecosystem), accounting for differences in speddéscarded catch is usually returned to the
ecosystem. Often the discarded catch consists ynaeirdead specimens that do not lead to a
restocking of the ecosystem.

In the case of aquaculture, the ecosystem seraigemore akin to those recorded in the case
of livestock. Thus the natural feed and other radtimputs are the ecosystem services
representing the contribution of the ecosystenmh&gdrowth of the fish or other aquaculture
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products. Aquaculture operations that involve nonsztion to a broader ecosystem (for
example fish raised in tanks) would be recordeldaasng no associated ecosystem services.

Provisioning of water

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

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

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

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

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

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

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

filter it before consumption.

Regulating services
Sequestering of carbon and carbon storage

Often, the services of sequestering of carbon amtlon storage are labelled by the single
term “carbon sequestration”. However, they are equiifferent ecosystem services, albeit
linked within the broader carbon cycle. Both seggicare important for ecosystem
management and therefore for ecosystem accouriiing.release of carbon stored in above
ground biomass or in below ground stocks, such esdlands, is an important source of
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greenhouse gas emissions worldwide. It is alstigect of much debate in the international
arena, in particular with regards to the REDD (ReduEmissions from Deforestation and
Degradation) payment mechanism. At the same titme,sequestering of carbon, i.e. the
ongoing accumulation of carbon due to ecosystentgsses in particular Net Ecosystem
Production, is relevant since this removes carbioxide from the atmosphere.

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

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

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

Figure A3.4 Sequestering of carbon

Enabling factor:
Climate change due to
increase in GHG
concentrations

Inputs: e.g. ecosystem
management

Reduced
impacts from

ES: Capture of CO2 v climate change

(e.g. a forest) >0 ——>

Ecosystem
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Air filtration

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

The total amount of particulate matter depositedain ecosystem can be estimated as a
function of the area, deposition velocity, time ipdr and average ambient PM2.5
concentration, according to the formula PM A*vVd*t*C, in which PM| = deposition of
PM2.5 (kg), A= area (f), Vd = deposition velocity as a function of theaférea Index of
the vegetation (LAI) (mmY, t= time (s), and C = ambient PM2.5 concentratikgim3). The
deposition velocity depends on the vegetation tygrel there is an increasing number of
measurements of deposition velocities as a functbrvegetation type, in particular in
European countries.

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

Figure A3.5 Air filtration

Inputs: e.g. ecosystem Enabling factors:
management (i)Atmespheric pellution
(ii)Population density

Reduced exposure

ES: Capture of leading to health
ECOSVStem pollutants v benefits

(e.g. a forest) > O >
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Flood protection

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

Figure A3.6 Flood protection

Inputs: e.g. ecosystem Enabling factors:
management (i)Occurrence of high
water

(ii)Population density
(iii)Value of assets

Ecosystem ES: Dissipation of Reduced damages
from high water

(e.g. acoral wave energy >
reef) >0

Cultural Services

Tourism and recreation

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

The benefits accrue to visitors themselves, ametwby suppliers of tourism and recreational
facilities to the extent that they can attributeittoperation to the ecosystem. For instance,
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some tourism facilities only exist because of thespnce of the ecosystem, as in the case of
an enterprise renting out skis or canoes. For athegrprises, the picture is mixed, and only
part of their activity may be attributable to theogsystem, as in the case of hotels or
restaurants located in or near natural parks.

A3.26 Physical measurement of the ecosystem involvesdieapthe number of visitors, in terms of
visitor-days, or overnight stays, to ecosystemgaArsuch as national parks that are publically
accessible are most relevant for this service.nAbé case of provisioning services, the use of
ecosystem services in tourism involves a specdiividy being undertaken, i.e. the recreation
activities by people in an ecosystem.

Figure A3.7 Tourism and recreation services

Inputs : management of Inputs e.g. hotels
recreation facilities (e.g.
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IV: Accounting for ecosystem assetsin physical terms

Introduction

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

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

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

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

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

The challenge in applying this approach is to ifgnhe appropriate characteristics and then
to determine the relevant indicators. In particuiais important not to lose sight of the fact
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that ecosystems function by all components workimgether and it is not necessarily a
simple case of adding together an assessment lofcbacacteristic.

This chapter outlines ways in which this indireppeach to the assessment of ecosystem
assets may be carried out within an accounting:ttre. In Section 4.2 the main concepts
used in ecosystem asset accounting are definegedtion 4.3 the steps required to compile
information on ecosystem assets are describeddimgudiscussion on the aggregation of
various indicators. The final two sections sumne@dscounting for two specific aspects of
ecosystem asset accounting — accounting for cafSattion 4.4) and accounting for
biodiversity (Section 4.5).

General approachesto assessing ecosystem assets

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

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

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

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

Assessing ecosystem condition and extent

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

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

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

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

assessing a single characteristic.

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

characteristics, such as connectivity and landscapdiguration, are a type of ecosystem
characteristic.
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It is noted that individual ecosystem charactar$stire not considered to be ecosystem assets
in their own right. In some cases, for example,vi@ter resources and soil resources, it is
possible to undertake distinct asset accountings Th described in the SEEA Central
Framework. However, this approach is different frohe spatial based accounting for
ecosystem assets that is described here.

Where there is a strong understanding of the vanwacesses operating within an ecosystem
it may be possible to identify specific indicatg¢esg. measures relating to a specific critical
species) that can represent the overall conditfaanacecosystem asset. Such proxy measures
may be of particular use in providing indicators afange in ecosystem assets that are
suitable for high-level (national or regional) egstem accounting purposes.

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

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

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

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

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

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

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

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

such that, where the condition of particular chismastics falls below relevant thresholds, the
whole ecosystem may be in danger of collapse. Bhirggh degrees of human influence, the
actual condition scores may be of particular rateea Measures of ecosystem condition may
thus allow for consideration of the resilience cogystems.

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

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

Assessing expected ecosystem service flows

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

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

For accounting purposes a specific basket of etesyservices based on current patterns of
use must be considered. At the same time, the $eamework can be used to organise
information for various scenarios and alternatied uses. In this context it is also possible
to develop scenarios of ecosystem asset use tpétriise” the flow of ecosystem services
from a given ecosystem asset. While the developmieaptimised scenarios is not the main
purpose of ecosystem accounting in the SEEA ihisrgoortant analytical application.
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There are generally relationships between the tiondof an ecosystem asset, its pattern of
use, and the expected basket of ecosystem ser¥ikeas.while ecosystem condition may be

assessed without considering measures of ecosyg&ices, the measurement of ecosystem
assets in terms of their capacity to generate steisyservices must involve assessment of
ecosystem condition.

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

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

Assessing changesin ecosystem assets

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

Ecosystem degradation and ecosystem conversions

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

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

(i) That declines in expected ecosystem service floveratihere is no associated
reduction in ecosystem condition should not be ictemed ecosystem degradation

%" Declines due to natural events are recorded isystem asset accounts but are not considered afpart
ecosystem degradation.
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(e.g. whereceteris paribus provisioning services from forests decline beeaofs
reduced logging due to decreases in expected optmés, or declines in cultural
services due to a rise in national park entry fees)

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

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

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

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

It is noted that ecosystem degradation is consileréhe SEEA as a distinct concept from
depletion of natural resources. Depletion is defimethe SEEA Central Framework as “the
decrease in the quantity of the stock of a naesburce over an accounting period that is
due to the extraction of the natural resource lnemic units occurring at a level greater
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than that of regeneratior’®. The distinction between these two concepts is tregiietion
relates to the decline in a specific resource widlesystem degradation relates to the declines
of a system that encompasses a range of diffeesources and various processes. In many
cases depletion of resources such as timber resoard fish stocks should correlate strongly
with measures of ecosystem degradation for theystam assets from which the resources
are extracted. However, because ecosystem degradakies into account a broader range of
characteristics the two concepts should not betedua

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

Ecosystem enhancement and other changes in eaqosyssets

Ecosystem enhancement is the increase and/or irapr@wt in an ecosystem asset that is due
to economic and other human activity. Ecosystemaeodment reflects the results of
activities to restore or remediate an ecosystenetdssyond activities that may simply
maintain an ecosystem asset. As for ecosystem degya, different measurement
perspectives may be considered for ecosystem eahmamt that focus on changes in
expected ecosystem service flows in combinatio wftanges in ecosystem condition and
extent. Again, ecosystem enhancement associatdd thé conversion of ecosystems to
alternative uses, requires specific consideration.

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

Other considerations in the measurement of chaimgesosystem assets

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

regenerate means that they may provide the sansgstem services over an indefinite length
of time. Consequently, it is possible over the Idagn for an ecosystem asset to have no

3% SEEA Central Framework 5.76. See also SEEA CeFRta@hework Section 5.4.2 for a longer discussion on
defining depletion including the links to ecosystdegradation.
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ecosystem degradation — i.e. the expected flow givan basket of ecosystem services is
unending.

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

ecosystem is such that there are ongoing flows gif/en level of ecosystem services (e.g.
through the sustainable management of fisherieshauld not be assumed that the actual
flow of services is equal to the intended leveterdvices.

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

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

Linksto standard asset accounting

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

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

and assessing the way in which the asset contstotgroduction.

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

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

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

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

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

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

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

ecosystem assets such situations can easily arise.

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

Compiling ecosystem asset accounts
Introduction

Ecosystem asset accounts are intended to orgaoisenanetary information regarding the
extent and condition of ecosystems, and expectedystem service flows. The number of
related concepts requires that a large amountfofriration be integrated and the suggestions
made in this section for accounting tables arenioie to provide a starting point for
experimentation in compilation rather than provigaefinitive methodological guidance. All
of these ecosystem asset tables are designed ¢oagibroad sense of the potential of
ecosystem accounting to organise information aceosange of areas and from multiple
perspectives. It may be useful to consider thaehables reflect a summary of information
coming from a broader database containing moreiléétalata on ecosystem condition,
changes in condition and extent, and expected stEsyservice flows.

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

From the statistical units model outlined in Chaethe ecosystem accounting unit (EAU)
is the most applicable unit for the measuremeneajsystem assets since it should be
relatively stable in area over time. However, fog brganisation of relevant information, it is
likely to be most logical to measure and organigerimation on the basis of LCEU since the
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type of characteristics of interest and types aflsgstem service flow are likely to vary most
significantly by type of LCEU.

4.3.2 Accounting tablesfor ecosystem assets

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

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

Accounts for assessing ecosystem extent

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

Table4.1 Physical account for land cover (hectaresf

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

area area  areas vegetated land and inland areas
areas water bodies

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

Managed expansion 1845 93555

Natural expansion 64.5 15

Upwards reappraisals 45 181.5

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

Managed regression 4704.0 31185 9.0 1560.0 15

Natural regression 15 64.5

Downwards reappraisals 45

Total reductions in stock 47040 31185 105 1629.0 15
Closing stock 12 477.0 454786.5 1015455 335577.0 204.0 46458 72,0 1966.5 12949.5 19 353.0

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

3% SEEA Central Framework Table 5.6.3
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Many countries have a variety of land cover andteel statistics and this information set is
becoming more developed as remote sensing technasoghcreasingly applied in these
contexts. It is recognised that ongoing internati@ollaboration on the development of land
accounts for the purposes of ecosystem accountiigbe& an important part of the
development of the SEEA more generally.

A potential area of extension concerns the compitadf land cover change accounts. These
accounts reconcile estimates of the area of cddathcover types between the beginning and
end of an accounting period. The change betweed tawver types can be organised to

highlight particular sources of change and ecosystenversion such as deforestation, urban
expansion, etc. Such accounts may be of significaet in the derivation of measures of

ecosystem degradation where the cause of the éeasyfiange is of particular relevance. A

land cover change account builds on the informatimmtained in a land cover change matrix
(as shown in SEEA Central Framework Table 5.6.4jclvindicates only the changes in land

cover over time rather than considering the hunmehreatural causes of the change.

Accounts for assessing ecosystem condition

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

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

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

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

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

for hydro power generation
for cooling water

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

4.64

4.65

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

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

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

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

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

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

40 SEEA Central Framework Table 5.11.2
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Table 4.3 Measures of ecosystem condition and extent at end of accounting period for an EAU

Ecosystem Characteristics of ecosystem condition

extent Vegetation Biodiversity Soil Water Carbon

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

Type of LCEU

Forest tree cover

Agricultural land*

Urban and associated
developed areas

Open wetlands

* Medium to large fields rainfed herbaceous croglan
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For each characteristic there are likely to be mlver of relevant indicators. For example, for
water it may relate to pollutant content, numbed ativersity of fish species and the
variability of river flows. Some indicators, for @xple river flows, may emerge from the
basic resource accounts described above.

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

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

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

Accounting for changes in ecosystem condition

Within the construct of Table 4.3, which shows gadors of ecosystem condition at a point in
time, it may be instructive to compile accountd gtzow the changes in ecosystem condition

*1 When accounting in monetary terms, the standaitdafimneasure is the currency of the country. The af
this measurement unit ensures a consistency anererade through the reporting across different e
(sales, profits, wages, etc). Such standard uiteeasure do not exist across the various physiedsures
hence the requirement for an accreditation of nreasent.
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over an accounting period. Following the broaddtme of the asset accounts presented in
the SEEA Central Framework, Table 4.4 shows a plessasset account for ecosystem
condition for a single LCEU. It is assumed thatr¢hare no changes in extent. As for Table
4.3, the indicators used in Table 4.4 are likelpédn different measurement units.

Determining the estimates of the causes for théowarimprovements and reductions in
condition may be difficult. Consequently, it may b&eful to focus solely on net changes in
condition over an accounting period perhaps makiistinctions between relatively small,

medium and large net changes. This informationinfdividual indicators, may be effectively

presented in maps with colouring coding relaterktative size of the changes.

Table 4.4 Changesin ecosystem condition for an LCEU

Characteristics of ecosystem condition

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

Opening condition

Improvementsin condition

Improvements due to natura
regeneration (net of normal
natural losses

Improvements due to human
activity

Reductionsin condition

Reductions due to extractig
and harvest of resources

=]

Reductions due to ongoing
human activity

Catastrophic losses due fo
human activity

Catastrophic losses due fo
natural events

Closing condition

4.72
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Accounting tables for expected ecosystem sendessfl

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

single EAU. The measurement units are discussanivbéllo aggregation is presumed and
additional rows are required for each ecosysteniceunder consideration.



Table 4.5 Expected ecosystem service flows at end of accounting period for an EAU

Expected ecosystem service flows per year
Forest tree cover Agricultural land? Urban and Open Wetlands
associated
developed areas

Type of ecosystem services

Provisioning services

Regulating services

Cultural services

* Medium to large fields rainfed herbaceous cropland

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

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

4.75 The estimates in Table 4.5 rely on measures ofysters services and the formation of
associated expectations. In turn, estimates of aapens require an understanding of the
current mix of ecosystem services and an undersigndf the impacts of changes in
condition and extent on the ability to provide taxrosystem services in the future in the
context of the expected patterns of use and cureepsystem structure. Section 2.4.2
provided some general comments in relation toisisise.

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

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

4.78 However, establishing the specific link betweereregyation and overall ecosystem condition
is not straightforward, a range of different vaksband complex ecosystem processes are
generally involved. Since these factors differ wisological and climatic conditions,
countries will need to establish the relationshépaeen ecosystem condition and extent, and
the capacity to supply ecosystem services for tbaesystems in their countries. Such
assessments will normally require the involvemémholtidisciplinary expertise, for instance
specific knowledge of forestry and forest ecologythe case of determining capacity to
supply timber over time.

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

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

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

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

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

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

Aggregation in ecosystem asset accounting

The aggregation of indicators in the context ofsystem asset accounting is focused on
aggregate measures of ecosystem condition and texpecosystem service flows. Measures
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of ecosystem extent are all described in a comnmiinoti area, generally hectares, and hence
the aggregation of extent measures is not complex.

The approaches to the aggregation of expected stewsyservice flows are analogous to the
aggregation of ecosystem service flows in a siaglounting period as discussed in Chapter
3. The primary difference is that different weigigtipatterns between ecosystem services may
be relevant to account for a changing relative irtggae of ecosystem services over time that
may be incorporated into the estimates of expes¢edce flows, but which is not relevant in
the case of a single accounting period. This difiee applies even where the expected
ecosystem service flows are expressed in termetes per year.

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

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

Following selection of the time of the referencendition, estimates are needed for each
indicator for each characteristic at that pointtime. When necessary, the values of the
indicators at the reference condition may be ddtexdchthrough use of reference sites or
through the use of models of biophysical conditibhen all observations in the reference
period are set equal to 100 and a current perioditton score may be determined based on
changes in the indicators. The determination afreeat period condition score assumes there
is an understanding of the relative importance off@ments in each indicator to the overall
condition. In particular, it is assumed that thierence condition describes an ecosystem in a
balanced state and that all negative deviatiorffe¢ted in relative movements in relevant
indicators) are of equal importance or are weigltegave equal importance.

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

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

91



4.4

441
4.91

4.92

4.93

4.94

Accounting for carbon

Introduction

In the context of accounting for the condition obsystem assets, carbon was identified as an
important characteristic for which a basic resouaceount could be compiled (see Section
4.3). Such an account would provide indicators afsgstem condition such as net carbon
balance and primary productivity. Carbon accourds elso provide information on the
ecosystem services of carbon sequestration anstehage of carbon. This section discusses
the possible structure of a basic resource acdouctrbon.

Given carbon’s central place in ecosystem and o#rerironmental processes and its
importance to economic and other human activitgpanting for carbon may also assist in
providing information for input to a wide range ahalytical and policy situations. For
example, carbon stock accounts can complement xisting flow inventories developed
under the UNFCCC (UN Framework Convention for Cliena&Change) and the Kyoto
Protocol. The carbon stock accounts presenteddisoealign with the accounting approach
of REDD (Reducing Emissions from Deforestation Bagradation).

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

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

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

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

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

2 The mass of biocarbon able to be stored in theystem under prevailing environmental conditiond an
disturbance regimes, but excluding human disturbg@upta and Rao 1994).
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Figure4.1. The main elements of the carbon cycle
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44,2 Carbon stock account

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

4,96 A structure for a carbon stock account is preseméefiable 4.6. It provides a complete and
ecologically grounded articulation of carbon acdoun based on the carbon cycle and in
particular the differences in the nature of patticicarbon reservoirs. Opening and closing
stocks of carbon are recorded with the various geametween the beginning and end of the
accounting period recorded as either additionkécstock or reductions in the stock.
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Carbon stocks are disaggregated to geocarbon ftatbeed in the geosphere) and biocarbon
(carbon stored in the biosphere, in living and deinass and soils). Geocarbon is further
disaggregated into: oil, gas, and coal resouraessi{ffuels); rocks (primarily limestone); and
minerals (e.g. carbonate rocks used in cement ptimhy methane clathrates and marine
sediments). Biocarbon is classified by type of gstesm. At the highest level these are
terrestrial, aquatic and marine ecosystems, arsgtaee shown in Table 4.6.

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

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

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

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

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

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

Various indicators can be derived directly frombmar stock accounts or in combination with
other information, such as land cover, land us@ufation, and industry value added. The
suite of indicators can provide a rich informatgmurce for policy makers, researchers and the
public. For example, comparing the actual carbacksof different ecosystems with their
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carbon carrying capacities can inform land usesil@eimaking where there are significant
competing uses of land for food and fibre.

An indicator that can be derived from the carbartlstaccount is the ‘net carbon balance’.
This indicator relates to the change in the stotlcasbon in selected reservoirs over an
accounting period. Commonly the focus of net carbalance measures is on biocarbon but
depending on the analysis the scope of the measayealso include parts of geocarbon,
carbon in the economy and other reservoirs.

Accounting for biodiversity
Introduction

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

At both national and sub-national scales, by ligkimodiversity accounts with the land cover,

land use and the environmental protection expereitaccounts of the SEEA Central

Framework, the cost-effectiveness of expendituneshabitat and species conservation or
returns on investment may be analysed.

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

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

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

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

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

M easurement of biodiversity

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

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

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

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

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

(i) Trends in extent of selected ecosystems

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

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

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

*4 Seehttp://www.cbd.int/doc/decisions/cop-07-dec-en.pdf
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4.116 The figure below summarises the changes in econystee abundance of species and threat
of extinction over time. In this it shows three msiin time in terms of habitat extent (the
nested squares in the lower right of the diagrdm}he middle the consequences in terms
change in species abundance are shown, with thdatéeld lines showing a composite state
index which is calculated referring to a benchmarie (or reference condition). On top, the
extinction or close to extinction of some specgdndicated by inclusion in the IUCN Red
List.

Figure 4.2 Change in ecosystem extent, original species abundance and risk of extinction®.
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4.117 Accounts in physical terms (e.g. hectares) showimg area of different ecosystems in
protected areas is a straightforward first stem (ising the land cover and land use accounts
of the SEEA Central Framework) and these can atstinked to the environment protection
expenditure (a response indicator). It is also s&ay to account for the extent and condition
of ecosystems outside of protected areas (i.eentiee country), since in most countries much
of the biodiversity exists outside of protectedaate

4118 For some purposes more precise information abowrayhwhy and how the changes in
ecosystem extent occurred are needed. This isemfisdpimportance if one is combine the
inter and intra flows in order to combine both theasurements of changes in quality and the
measurements of changes of extent in one commduatizen for policy priority purposes. To
achieve this both extent and quality measureshaie to refer to EAU.

4.119 Biodiversity, as measured by species number anchdaimee, can be measured directly.
However, because this is costly to do for largasréiodiversity is usually estimated using a
range of data and methods, including modelling riggles based on information about land
cover, land use, fragmentation, climate changeosiner pressure.

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

“6 Scholes, R.J. and Briggs, R. (2005). A biodivgrsitactness index. Nature, 434(3): 45-49. (3 M&0h5)
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4.120 At international and national levels the state iofiversity can also be shown via composite
indices. Examples of this approach for aggregatasomement of biodiversity include the
Natural Capital Inde¥, the GLOBIO Mean Species Abundance Irflethe Living Planet
IndeX®, the Biodiversity Intactness Ind@xand the Norwegian Nature Indéx These
composite indicators are the result of a long tiadiin ecology of expressing complex
changes in species abundance through indices.

453 Structuring information on species and groups of species

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

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

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

Alkemade, R., van Oorschot, M., Miles, L., Nellemag., Bakkenes, M. & ten Brink, B. 2009. GLOBIOS:
Framework to Investigate Options for Reducing Globarrestrial Biodiversity Loss 2009. Ecosystems312
374-390.

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

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

“9Loh, J., et al 2005. The living planet index: gsgpecies population time series to track trendsddiversity.
Philosophical Transactions Royal Society, Biologi8eiences 360, 289-295, and; Loh, J.,2002. Li\mtanet
Index 2002, World Wildlife Fund International: GhrSwitzerland.

*0Scholes, R.J. and R. Biggs, 2005. A biodiversitgémess index. Nature. 434(7029): p. 45-49.

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

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

3 See, for example, the International Commission Zomlogical Nomenclature, http://iczn.org and; the
International Code of Botanical Nomenclature (Vier@ode)http://ibot.sav.sk/icbn/main.htm
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It is thus beneficial if assessment of biodiverditly areas includes estimates of species
abundance although these data are usually onlyablaifor a limited number of species.
Abundance may be measured in absolute terms suttieastal number of individuals of a
species or a density per hectare. It can also l@suned in broad classes related to absolute
measures, for example very abundant, abundant, comnare, and very rare. Abundance
may also be measured in relative terms, in pagricalirrent abundance relative to the past (a
benchmark or reference condition). If a specidgess abundant now than in the past, it may
be at risk of extinction. Different species exhithifferent natural abundances: for example in
mammals, small rodents are naturally very abundahtle elephants and other large slow
breeding mammals occur in much lower abundances.

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

Species richness and species abundance accounts

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

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

because they are harvested for food or have iceaiges, and hence accounts may be
prepared for these species. Such accounts, formador fish, are similar to those described

in the SEEA Central Framework and are not describether here. Tables for species

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

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

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

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

> A likely exception is the Kingdom Monera (singlellcorganisms without a nucleus, e.g. bacteriajeseh
species are not anticipated to be a focus of bérdity accounting as described here.
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4.130 Ideally, the basic statistics should be compilecdh 8SU or LCEU level and aggregated to
form estimates at the EAU level. However, in pmagtiit is likely to be necessary to work
with data at relatively high spatial levels.

Table 4.7 Biodiversity account: Species abundance by Kingdom®or an EAU

Animals
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Opening population

Closing population

Net change

Reference population

Opening  population ag
proportion of reference
population

Closing  population  as
proportion of reference
population

Net change

a The Kingdoms shown in the table are those acegrth Whittaker 1969. The Kingdom Animals is shown
divided by Classes but not all classes of animashown in the table. The selection of classeskargdoms is
indicative only and as appropriate data may begdisgated by class or finer levels (e.g. Order, USgn
depending on the availability of data and the infation requirements. The Kingdom Monera (singld cel
organisms without a nucleus e.g. bacteria) is sted as generally it is not anticipated to be eu$oof
biodiversity accounting as described here.
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Annex A4.1 Additional detail concerning accounting for carbon

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

The carbon stock account presented in Table 4.8iges a complete and ecologically
grounded articulation of carbon accounting basedhencarbon cycle and in particular the
differences in the nature of particular carbon masies. Opening and closing stocks of carbon
are recorded with the various changes between ¢ginting and end of the accounting
period recorded as either additions to the stodleductions in the stock.

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

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

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

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

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

» Semi natural ecosystems: which are human modifé¢dral ecosystems. Natural
processes, including regenerative processes, drdnsbperation to varying
degrees. However, the system is often preventeth freaching ecological
maturity or is maintained in a degraded state dueutman disturbance and land



A4.6

A4.7

A4.8

A4.9

A4.10

A4.11

use. Thus, the vegetation structure may not reffedtiral optima, and the
taxonomic composition may be depauperate.

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

» Other ecosystems: including settlements and latid infrastructure.

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

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

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

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

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

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

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

marine and terrestrial ecosystems. Marine ecosysieciude mangroves, saltmashes and

seagrass beds. Peat stocks and flows align withittearbon sector with peatland vegetation

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

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

There are six types of additions in the carbonkstmzount.

¢ Natural expansion: These additions reflect increasehe stock of carbon over an
accounting period due to natural growth. This W#l effectively only for biocarbon
and may arise from climatic variation, ecologicatbrs such as reduction in grazing

103



pressure, and indirect human impacts such as th2 féfilisation effect (where
higher atmospheric CO2 concentrations cause fpkiet growth).

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

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

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

Reclassifications: Reclassifications of carbon tsaéll generally occur in situations

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

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

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

A4.12 There are six types of reductions recorded in #iban stock account:
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Natural contraction: These reductions reflect redfuincluding episodic, losses of
stock during the course of an accounting periodeyThay be due to changing
distribution of ecosystems (e.g. a contraction afudal ecosystems) or biocarbon
losses that might reasonably be expected to oasgdon past experience. Natural
contraction includes losses from episodic eventtuding drought, some fires and
floods, and pest and disease attacks. Natural amittn also includes losses due to
volcanic eruptions, tidal waves and hurricanes.

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

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

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

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

Downwards reappraisals: These reductions refleabgbs due to the use of updated
information that permits a reassessment of the ipélysize of the stock. The



reassessments may also relate to changes in thesadsquality or grade of the
natural resource. The use of updated informatiory meguire the revision of
estimates for previous periods to ensure a conyirmfitime series.

Reclassifications: Reclassifications of carbon tssaéll generally occur in situations

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

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

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

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

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

measurement of biodiversity and ecosystem accagiatial explained the potential to develop

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

provides additional detail on the measurement af timk between ecosystems and

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

indices from species abundance accounts and camgiticounts for threatened species.

Geographical extent of ecosystems and biodiversity

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

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

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

Most countries have information on the area covésedational parks and other categories of
protected areas (e.g. according to the IUCN Pretedtrea Categoriéy and this has been
consolidated in the World Database on Protecte@g#dn addition, the Ramsar Convention
on Wetlands (1971} currently lists just over 2,000 wetlands of intianal importance,
covering nearly two million square kilometres.

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

%5 For more information see, Guidelines for ApplyiRgotected Area Management Categories, Dudley, N.
Ed.(2008):http://data.iucn.org/dbtw-wpd/edocs/PAPS-016.pdf

5 World Database on Protected Ares: http://www.wdm.

57 The Ramsar Convention on Wetlandgtp://www.ramsar.org/cda/en/ramsar-documents-teats/ention-

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

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

Deriving indices from accounts of species abundance

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

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

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

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

%8 Scholes, R.J. and Briggs, R. (2005). A biodivgrsitactness index. Nature, 434(3): 45-49. (3 Ma&t0h5)
Alkemade, R., van Oorschot, M., Miles, L., Nellemag., Bakkenes, M. & ten Brink, B. 2009. GLOBIOS:
Framework to Investigate Options for Reducing Globarrestrial Biodiversity Loss 2009. Ecosystems312
374-390.
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Figure A4.1 Possible aggregation of a national nature index for mean species abundance

Species Abundance Indices

T

State State State State

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

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

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

Accounts for threatened species (extinction risk)

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

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

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

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

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

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

e Least conceriis when a taxon is widespread and abundant;

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

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

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

In national and sub-national accounts is importamiote that the status assessments from the
IUCN Red List relates to an assessment of the spéaithe entire world, not to the country
and area in question. As such it might be thategisg are assessed against different criteria at
small scales.
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Table A4.1. Accountsfor threatened species

IUCN Red List categories

Extinct

in the

Extinct
wild

Critically

endangered

Endangered
Vulnerable
Lower risk

Near threatened

Data deficier
or not evaluated

Least concern

TOTAL

Opening stock

Additions

- from lower threat categories

- from higher categories

- discoveries of new species

- rediscoveries of extinct species

- reclassifications

- updated assessments

- new additions to list

Total additions

Reductions

- to lower threat categories

- to higher categories

- reclassifications

- local extinction

- updated assessments

Total reductions

Closing stock
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V: Approachesto valuation for ecosystem services and ecosystem assets
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Introduction

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

In a broader context, valuation is complex becatsaises a range of ethical and cultural
considerations and the value of the environment ecasystems may be discussed and
evaluated in non-monetary terms. Consequentlymatte to place values in monetary terms
on ecosystems may be considered inappropriate @tahipally misleading. Notwithstanding
these concerns, there are many projects and coaBldénterest in the valuation of ecosystem
services and ecosystem assets in monetary termv&nGhis background, decisions to
undertake the valuation of ecosystems and the atnvaluations themselves commonly
generate the most contention among all measuressrgs.

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

Motivationsfor valuation in monetary terms

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

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

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

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

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

There are important implications linking the spiecihotivations with the type of valuation
concept to be used. In broad terms there are tlatecebut different valuation concepts. The
first, referred to here as welfare economic valuelates to obtaining valuations that measure
the change in the overall costs and benefits assativith ecosystem services and assets. The
second, referred to here as exchange values, selatebtaining valuations of ecosystem
services and assets that are consistent with véha¢svould have been obtained if a market
for the ecosystem services or assets had existexldiBtinctions between these two valuation
concepts are outlined in detail in the followingtien.

Since there are likely to be clear differences ketwthe valuations estimated using the
different concepts, it is important that the mdtiiva and purpose of analysis be aligned with
the choice of valuation concept. In addition, thisre range of different valuation methods
that may be used and, depending on the methodayt Ime possible to estimate different

80 See 2008 SNA, 2.23.
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valuation concepts using the same approach. Thissnot only the choice of concept and the
choice of method that must be considered but aksevly in which the method is applied.

The remainder of this chapter examines the follgwesues. Section 5.3 discusses alternative
valuation concepts. Section 5.4 discusses the tatugrinciples of the SNA. Section 5.5
describes a range of approaches to valuation aidahplication to the measurement of the
alternative valuation concepts. Finally, Sectiof presents some particular measurement
issues that should be considered in undertakingiatiah of ecosystem services and
ecosystem assets. Of particular note in Sections5abdiscussion of uncertainty in valuation
which notes four key sources of uncertainty thaidot on valuation exercises.

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

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

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

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

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

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

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

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

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

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

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

methods is the main focus of Section 5.5.

Welfare economic and exchange concepts of value

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

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

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

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

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

Following this characterisation, the differencevin the welfare economic concept of value

for ecosystem services on which welfare analysisased, and the national accounts concept
of exchange value, is the frequent focus of thensron changes in consumer surplus under
alternative scenarios. Consequently, given therestein exchange values for accounting

purposes, much of the discussion on approachesltation therefore considers the extent to

which consumer surplus is incorporated in the tegyhknalysis. A critical aspect here is that

willingness to pay measures that are commonly eséichand reported in the literature apply

some approaches to the valuation of ecosystemcearthat do not solely reflect a constructed

market price reflecting exchange values, but atstute an evaluation of different scenarios

and changes in consumer surplus.
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Shadow prices

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

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

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

Total Economic Value

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

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

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

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

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

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

Aligning valuation conceptswith motivationsfor valuation

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

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

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

motivation for valuation and choice of valuatiomcept is appropriate.

However, where there is interest in comparing &loeecosystem services and assets with
existing national accounting values, it is apprai@ito use a consistent valuation basis for all
entries. Since accounting uses as its basis thieaage value concept, it is appropriate to
estimate exchange values for ecosystem services@system assets when the intention is to
compare these values with existing entries for petidn, consumption, and wealth. The

following section summarises the valuation prinegpbf the SEEA and the SNA which are

based on the exchange value concept.

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

Objectsof valuation in ecosystem accounting

The two primary components of ecosystem accourgiergecosystem services and ecosystem
assets. Chapters 2, 3, and 4 explain in detailelevant concepts and the various approaches

%2 See for example UNEP (2012) Inclusive Wealth Repérparticular focus in this report is the potanti
inclusion of monetary values for regulating andtunal services in inclusive wealth accounting apples
although such values were not incorporated inteignates that were prepared.

117



5.34

5.35

5.36

54

541
5.37

5.38

118

to the measurement of these two variables in physicms. Some ecosystem services, such
as timber, contribute to benefits already in scopehe standard measures of economic
activity. A common objective in this situation © $eparately identify or partition the part of
the market price that is attributable to inputecdsystem services from the part of the market
price that is attributable to other inputs incluglocapital and labour.

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

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

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

Valuation principlesin the SEEA and the SNA

Market prices

In the SEEA, as in the SNA, the values reflecteth@éaccounts are, in principle, based on the
current transaction prices or market prices forab®sociated goods, services, or assets that are
exchanged. (2008 SNA, 3.118) Strictly, market @riaee defined as amounts of money that
willing purchasers pay to acquire goods, servicesssets from willing sellers. The exchanges
should be made between independent parties onatie bf commercial considerations only,
sometimes called “at arm’s length”. (2008 SNA, 311

Defined in this way, in a perfectly competitive ket at a particular point in time, the same
market price will be paid by all purchasers. Ingice, market prices used in the national
accounts will vary between purchasers and over sintehence they should be distinguished
from a general market price that gives an indicatibthe “average” price for exchanges in a
type of good, service or asset over a given pesidiime. In most cases, market prices based
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on the totality of transactions that actually ocouer an accounting period will approximate
the general “average” market prices just described.

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

Valuation of transactions

Following SNA, a transaction is an economic flowttis an interaction between institutional
units (e.g. between corporations, households, govents) by mutual agreement or an action
within an institutional unit that is analyticallyseful to treat like a transaction — for example
household own-account production. (2008 SNA, 3A41arge proportion of transactions are
monetary transactions in which one institutionat urakes a payment (or receives a payment)
stated in units of currency. Common monetary tratizas include expenditure on the
consumption of goods and services; payments of svagd salaries; and payments of interest,
rent, taxes, and social assistance benefits.

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

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

SNA approachesto valuing non-monetary transactions

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

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

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

circumstances.

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

Where no sufficiently equivalent market exists amtiable surrogate prices cannot be
observed, the SNA identifies a second best proeedtine cost of production approach - to be
used in which the value of the non-monetary tratisads equal to the sum of the costs of
producing the good or service, i.e. the sum ofringgliate consumption, compensation of
employees, consumption of fixed capital (depresigti other taxes (less subsidies) on
production, and a net return on capital. (2008 S6lA25)

This approach is most commonly applied in the widnaof the own account production of
enterprises and households and in the valuatiothef production of public goods by
government units, such as the production of edoicatnd health servic8$This approach to
estimating prices effectively reflects a decomposiof the concept of a market price that is
amenable to estimation, since the components aeradble. In relation to Figure 5.1 this
method measures area C where it is assumed thaboge of production include a normal
return on capital — i.e. there is no producer sigj the production of these outpfits.

Valuation of assets

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

In some cases, observed market prices may covevdlwes of a number of assets. For
example, prices for real estate will usually in@uzbth a value for the dwelling (or buildings)
on a piece of land as well as a value for the Iggedf (in particular its size and location). The
notion of composite assets is one that is explaifuether in SEEA Central Framework

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

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

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

83 A scheme or process is said to be incentive cotvlgaifi all of the participants fare best when thiaythfully
reveal any private information asked for by the hzetsm.

o4 Strictly, a distinction must be drawn between mooretary transactions related to market output @ag
account production of households) and those relatatbn-market output (e.g. production of publimds by
government units).

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

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

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

In the SNA and the SEEA Central Framework, the atain of assets is limited to those assets
over which property rights can be enforced. Ihis ¢xistence of property rights that generates
the potential for a stream of economic benefitg fhaturn gives economic assets their
exchange value.

The decomposition of valueinto price, quantity and quality

The analysis of changes in value over time is gpontant aspect of accounting. One way of
considering changes in value is to recognise thahges may arise due to changes in prices or
changes in quantity. For national accounting pugppthe decomposition of value into price
and quantity components is undertaken with an indexber framework. This framework
also provides the basis for the direct measurewfgmtice change (for example, the Consumer
Price Index). Index number theory is well estaldbut, at the same time, there are a number
of choices that can be made in undertaking anyrdposition of values.

A key issue is that items being valued will gerlgrahange in quality over time. For example,
a new car purchased in 1990 is likely to be quitferént in quality from one purchased in
2012 even allowing for general features such amergize and number of seats. Thus simply
tracking the purchase price of a car and usingamtify of one car does not provide a good
indication of the decomposition of value changereasonable assessment must take into
account changes in price, quantity and quality.

For complex items, such as cars and computers, atiethave been developed to make
assessments of the changes in quality on an ongaisig. One of these approaches is known
as a hedonic approach and relies on breaking upeaninto its various “characteristics”.
Assessment of the change in each of the chardatsris then aggregated to form an overall
assessment of whether the total value (i.e. pueclpaige) of an item is due to changes in
quality.

Valuation of ecosystem services
General considerationsfor different typesof ecosystem services

The appropriate valuation approach differs by tygeecosystem service since different
ecosystem services contribute to economic and dtheran activity link to benefits and
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wellbeing in different ways. Consequently, in orderdesign a valuation approach for a
specific ecosystem service, it is necessary to nstaled (i) how the service leads to the
generation of benefits, and (ii) the relation betwehese benefits and the recording of the
related economic activity in SNA.

In this context it is relevant to note that wherdirk to the SNA can be made, i.e. an
ecosystem service can be linked to the value oputubf an SNA product, valuation

approaches tend to focus on determining the cauioibb of the ecosystem service to the
market price of the product rather than valuing #eosystem service directly. These
situations are commonly referred to as cases ot jmioduction where the contributions of
multiple inputs are decomposed through analysiprotiuction functions. While seemingly

straightforward, these decompositions are a sicaniti challenge and also have their own
conceptual limitations that are discussed in tiieviong sections.

The following sections describe some general ecanconsiderations that apply to each of
the different broad types of ecosystem servicestlagil discuss specific approaches that have
been developed for the valuation of quantitiesoofsgstem services.

Provisioning services

Provisioning services relate to goods extractednfror harvested in an ecosystem and
generally the value of production of these goodadkided in the SNA production boundary
and hence in GDP. The process of harvest or exiraciormally involves costs of human

inputs (labour, produced assets, etc.) which nedsttdeducted from the value of production
in deriving the valuation of the relevant ecosyst®srvice. It is also noted that there may be
significant impacts from taxes and subsidies ompection that also need to be considered.

The usefulness in understanding the value of teessystem services is that the contribution
of provisioning services to GDP may be recognidedt differently, it may be useful to
recognise that if the ecosystem services were vaitadle for use in production they would
need to be replaced with other factors of produatioproduction would diminish or cease.

The collection of food or raw materials may takagal in an ecosystem unaffected by human
activity, but is more likely that harvesting andtrextion occurs in an ecosystem that is
modified by people. This modification may be in foem of enrichment planting of specific
species or reflect degradation because of pashamearsting. Many ecosystems have been
modified to favour the supply of specific services, in the case of cropland or intensive
pastures.

Harvesting and extraction may occur under differamdnagement mechanisms and the
valuation of provisioning services will depend e tassociated structure of property rights.
There may be private ownership of the ecosysterth thie land owner harvesting ecosystem
services. A private owner, or a government, magdehe land to an individual, for instance a
farmer, or to a group of individuals. There mayai® communal or government ownership
of the ecosystem asset, with restricted or opeesscdo the resources present in the
ecosystem. These management mechanisms or imstalitirrangements will affect the way

in which the costs of maintaining ecosystem sesvisapply are reflected in the relevant
economic transactions.
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In the case of a private land owner harvesting éinds crops from an ecosystem, the owner is
likely to have used labour and produced assetsagifyjnthe ecosystem, and to harvest the
resource. The supply curve, and in particular &een Figure 5.1, thus reflects the costs
involved in harvesting (labour, produced asseta {igpreciation costs), intermediate inputs)
and the costs associated with the use or modificabf the ecosystem (e.g. draining an
agricultural field prone to flooding, or pruningés in a plantation forest).

When a land user leases land to grow crops: this doslude the costs of leasing the land,

with the lease price reflecting the potential t@wgrcrops as a function of acreage, soil

fertility, hydrological properties, perhaps evee firesence of local pollinators, in other words
the ecosystem characteristics of the area. In d¢age, the annual lease price of the land
reflects, to a degree, the value of the relevansysiem services that are used by the land
user. However, it needs to be kept in mind thatuvélele of land may reflect several other

important factors, for instance speculation on pim increase in future land value due to

land development (for instance when farm land edusr residential development).

In the case of the extraction or harvest of provisig services in an ecosystem not owned or
leased by the beneficiary, the beneficiary is raptipg for the use of the ecosystem asset. An
example is the collection of berries on governm@mbed land, or fishing in waters that are

not regulated or not requiring the purchase ofhifig license. In this case, the unit resource
rent may be used as a proxy for the economic vafube ecosystem service, although there
are specific considerations in adopting a resouere approach that are further analysed
below.

Note that one ecosystem can supply different tygfeprovisioning services, for instance
timber benefits from a forest plot may accrue te thnd owner, but the collection of
mushrooms and berries on the same plot may bedrdes public and under an open access
regime. This highlights the need to consider thigataon of different types of provisioning
services separately.

Regulating services

For regulating services, the overall valuation eghis somewhat more difficult. Regulating
services allow economic activities by means of phsitive externalities they generate. For
instance, an ecosystem providing flood protectiervises allows the safe habitation, or
agricultural activities, in a zone otherwise prdneflooding. Where these services directly
affect human well-being, as in the case of positiealth impacts due to air filtration, they
may generate a value that includes consumer surplus

However, many regulating services may contribute ptoducer surplus, by allowing
production to take place or avoiding damages talyction. For example, flood protection
services may allow agricultural production in flopthins. The costs of maintaining the
ecosystem or providing the service are generallyimcurred by the users of the service,
except in the relatively rare cases where paymerthanisms for ecosystem services (PES)
have been set up. In cases without PES, thesecesrare normally part of the producer
surplus, reflecting that as a consequence of tinglaBng services some producers have more
favourable conditions for specific economic actestthan other producers, or that they are
not required to take mitigation measures (e.g. troasflood control structures).
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In cases where the costs of mitigation or adaptaiie higher than the producer surplus, as in
the case where mechanical flood protection is esqyensive, the producer is likely to cease
activities when the regulating services providedtly ecosystem are no longer provided. In
this situation, the producer surplus (area B inuFgg5.1) represents an estimate of the
maximum amount that a producer would pay for theises and thus may be considered a
reasonable upper bound on the value to the prochfcdre ecosystem service. However, it

should be recognised that the producer surplus iwithost cases, not only reflect the services
provided by ecosystems but also other factors (@sgance to market, technology) that

facilitate production at lower cost than compestor

For the valuation of regulating services, in thaeaire of markets for ecosystem services,
there is a need to reveal the marginal willingrtegsay of consumers for the service involved
— with consumers in this case including for instamgricultural and industrial producers.
Commonly, the focus of measurement for regulatergises is welfare analysis and hence the
application of a number of the valuation methodsetigped in the field of environmental
economics includes elements of consumer surpluthdi adjustment, these estimates may
be less applicable in the context of estimatingharge values for comparison with standard
economic accounting estimates. A notable exceptidhe replacement cost approach. This
method is of particular relevance to the valuatminregulating services, and is further
described below.

Cultural services

For cultural services the situation differs depagdon the service involved. A number of

cultural services, such as spiritual and symbodéivises and information and knowledge
services, generate consumer surplus and may beutliffo estimate in terms of exchange
values. In some situations some of these typesiltdral services may be embedded in the
prices of housing and land (and associated repfalsgxample to the extent that the location
of a house providing sea views provides an importamenity value. Nonetheless,

differentiating these types of values may be gelitéllenging.

On the other hand, cultural services related toisouand recreation are somewhat different
in that they provide both a consumer surplus aptbducer surplus. Generally, the economic
activities in recreation and tourism are in scopthe SNA production boundary. However, as
for provisioning services, the specific contributiof the ecosystem is not generally singled
out in this context. This contribution differs stgly between different activities (it may
normally be smaller for a restaurant than say aeaantal firm) — but will also vary between
individual firms. For instance, a hotel locatedaagint to a national park may attract tourists in
particular because of the possibilities for ecagyr which may not be the case for a hotel in
a city centre.

In order to analyse the monetary value of the estesy services for recreation and tourism, it
is therefore necessary to estimate the relativeoitapce of recreational and experiential
activities within ecosystems in determining the bemof tourists who visit certain areas.
Finally, it is noted that since the costs for manggatural parks are not normally incurred
directly by the economic units providing recreatand tourism activities, the contribution of
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ecosystems in providing opportunities for recreatie likely to be reflected within the
producer surplus of those units.

Approachesto pricing ecosystem services

In the following paragraphs a range of approachgsiting ecosystem services are described.
Commonly, these approaches are not explicit aldweitektent to which they are consistent
with welfare economic or exchange value conceptgerGearlier discussion, it is therefore
important to understand what is being measuredt@delevant assumptions such that the
approach used is appropriate to the intended vatuabncept and purpose of valuation.

In this context the following general remarks aetevant. First, most approaches to the
valuation of ecosystem services focus on the measmt of the direct and indirect use values
with relatively fewer studies including the non-wm®l option components of total economic
value.

Second, some approaches focus on the extent tchvdoiesumers are willing to pay for
ecosystem services. In concept, such methods magdyed to estimate a demand curve for
a particular service and from this demand curweay be possible to determine an appropriate
estimate of exchange values.

Third, depending on the valuation approach andgdesf the valuation study, the valuation
approaches described in this section may not takea€count of the negative impacts of
economic and other human activity on ecosystemtgsse. ecosystem degradation. For
example, use of resource rents to estimate valyena&e the assumption that the resource is
being extracted sustainably. Since this is oftenthe case, there is a risk that the resulting
estimates will understate the “true” value of ebssn services in terms of capturing all of the
relevant missing prices.

Some valuation approaches have been used to mehsuralue of degradation separately

(e.g. restoration cost, value of ecosystem resiiersome revealed preference studies) but
more research is needed to either (i) combine tapgeoaches which reflect assumptions

regarding future degradation, with approaches usehlue the current level of ecosystem

services; or (ii) develop valuation methods thaindb require assumptions about current and
future use of the ecosystem.

Pricing using the unit resource rent

Most commonly, the use of this approach to pridm@ssociated with provisioning services
such as those related to outputs of the agricylfarestry and fishing industries, in particular
where there are no or limited possibilities to less&l leases and prices as an indicator for the
price of ecosystem services. In the case of pramisg services there is usually a measureable
human input in terms of both labour and producesttaswvhich is combined with the relevant
ecosystem services to produce the benefit. The ghesnof ecosystem services in Chapter 3
provide an indication of the types of consideratidhat are needed in defining the links
between benefits and ecosystem services for a @ngevisioning services.
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Importantly, given the use of human inputs, thegof the benefit, e.g. the price of landed

fish, should not be used directly as a surrogategor the ecosystem service. That is, some
of the benefit price reflects the costs of labood @roduced assets. The difference between
the unit costs of labour and assets and the beréfé represents the unit resource rent.

Under this approach to valuation the unit resouece represents an estimated price for the
ecosystem service. However, a number of marketittond must be in place for estimates of
unit resource rent to accurately reflect a price tfee ecosystem services that takes into
account the potential for degradation of the resmuiThese conditions include that the
resource is extracted / harvested in a sustaivedyeand that the owner of the resource seeks
to maximise their resource rent.

Often, these conditions are not met. In particufahere is open access to the resources and
no charging of access by the owner, then the malrginit resource rent tend to zero thus

implying that the price of the ecosystem servicezéso. Thus depending on the access
conditions in place the resource rent approachatoivg marketed ecosystem services may
not be appropriat®.

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

Replacement cost methods

The replacement cost method estimates the valaaé efcosystem service based on the costs
that would be associated with mitigating actionsitifvould be lost, as in the case of
constructing a water purification plant if the wafiération service of an ecosystem supplying
groundwater to an aquifer used for drinking wateinipaired. This method does not involve
any consumer surplus, and is based on the assumipidd society would indeed chose to
replace the service if it would be lost. Literatwgiates that this method can be used, in
principle, in case the alternative considered mtesithe same services, is the least-cost
alternative, and if it can be reasonably assumed sbciety would chose to replace the
ecosystem service if lost.

The replacement cost method may be of particulavaace in the case of regulating services
such as water purification and flood control.

A related method is the ‘costs of treatment methathich involves estimating the value of an

ecosystem service based on the costs of repaignmagdes that would occur in the absence of
the service. This is of particular relevance fogulating services such as erosion and
sedimentation control, and air purification. Fostamce, in the absence of erosion control, the
barrier lake of a hydropower dam would receive bigkediment loads, and the costs of
removing these sediments can be used as an imicattithe value of the service, under the

% |t is noted that there are no ecosystem serviesscéated with the extraction of non-renewable nadtu
resources, such as mineral and energy resourcehearte the valuation of these resources are sotisked
here. See the SEEA Central Framework, Chapter 8dtails on the valuation of non-renewable resairce
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same conditions of being an adequate and leastreasinent, and it being likely that society
would chose to conduct the treatment if the danuagers.

It is noted that these two methods differ from ottedst” methods such as avoidance costs
and restoration costs. A particular feature of teplacement cost and costs of treatment
methods is that they aim to estimate the priceafa@ingle ecosystem service rather than
considering a basket of ecosystem services.

Payments for ecosystem services and trading schemes

There is increasing experience in establishing etarfor regulating services, in particular for
carbon sequestration, but to a smaller degreefafsbydrological services, in particular the
regulation of water flows (flood mitigation) andrdml of sedimentation. For carbon, there
are a range of different markets operating in diffé parts of the world with a different
degree of maturity and market turn-over. The largearket is the European Union Emissions
Trading System, but this market does not includbaa sequestration in ecosystems. Indeed,
it is important to distinguish between markets tteddte to the limited right to emit pollution
and markets in ecosystem services themselves #iecdesign of the market will influence
the interpretation of the prices that are generdtedompliance markets, the price of carbon
is strongly influenced by the regulatory settingtb& market, and prices have fluctuated
rapidly in response to changes in these settings.

Carbon sequestered in ecosystems is mainly tradedluntary carbon markets. Such carbon
markets are rapidly evolving. A scheme in New Zedlgermits the trading of credits from

forest carbon in a compliance scheme, but so fir gmall quantities of forest carbon have
been traded.

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

sequestering carbon rather than the service of ggeent storage of carbon in ecosystems.
Recently, however, a number of pilot projects ia tomain of REDD (Reduced Emissions
from Deforestation and forest Degradation) havenbstarted. These projects sell carbon
credits from reduced carbon emissions to the athwepgenerated by activities aiming to
reduce deforestation and/or degradation, hence dmtain the storage of carbon in an
ecosystem. Payments are made, in the case of REDDDeducing emissions compared to a
baseline case representing business as usual emisges, i.e. with no REDD project in

place.

The market for both the sequestration and storagarbon in ecosystems is reflected in the
way carbon services are defined for SEEA Experialdbtosystem Accounting (see Chapter
3). In order to establish a price for carbon, stfastimate may be based on the price raised in
voluntary markets. Potentially, when complianceéboarmarkets mature and further allow the
inclusion of carbon storage and/or sequestraticecosystems, new (generally higher) prices
raised in these markets may be used to value carbon

The valuation of ecosystem services may also bsidered through the analysis of markets
in biodiversity providing connections can be maeééengen the market values of biodiversity
and the ecosystem services of interest. Marketeronihg biodiversity mitigation

mechanisms include mitigation banking of biodivrscredits, programs that channel
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development impact fees and offset policies. Atimhinumber of biodiversity markets have
been set up that fulfil the basic characteristit® anarket: (i) the presence of buyers and
sellers; (ii) a traded unit, reflecting biodiveysifiii) a market clearing mechanism in which a
price is established; and (iv) an institutionaltisgt regulating the market and ensuring
compliance. The traded unit in these markets anmenoonly credits related to species or to
acreage of habitat conserved.

Examples of emerging biodiversity markets are (Dn&ervation Auctions in Victoria,
Australia; (ii) BioBanking, New South Wales, Audiaaand (iii) Conservation banking (US).
These schemes allow establishing a surrogate mpricet for the biodiversity units traded in
such markets, but it needs to be kept in mindttr@prices of the units strongly depend on the
local ecological and institutional setting and thatannot easily be translated to the value of
biodiversity in other places.

Overall, it may be that markets and trading schepnegide a good basis for estimating prices
for certain ecosystem services. However, careeéslee to understand the extent to which the
institutional setting for these markets ensurestti@prices conform to assumptions regarding
market prices. In particular, it is important thihe prices generated from the markets and
trading schemes are incentive compatflén observation in this regard is that prices from
voluntary markets and prices due to regulation may equate to measures of societal
willingness to pay.

Revealed and stated preference methods

Revealed preference and stated preference metbod®mh-market ecosystem services have
been well developed in the environmental econottitieature. Revealed preference methods
determine the value of an ecosystem service basembservations of related market goods.
These methods include the hedonic pricing, prodacfunction, travel cost, and averting
behaviour methods as described below. Rather teatying on behaviour exhibited in
existing markets, stated preference methods dependuestionnaires of experiments to
analyse individual preferences. Contingent valuatind choice experiments are the two main
types of stated preference methods. A short owsrgethese valuation approaches is also
presented below.

Many of these valuation methods have been usedtimate changes in consumer surplus
resulting from a proposed policy change or the egate level of consumer surplus for a
given environmental asset. Some caution is thezefi@eded when evaluating these models
and their associated values for use in an ecosysierounting context for the reasons
described in Section 5.3.

All of the revealed and stated preference methetis an some construction of a market
demand curve or use of an existing market with raohetlying utility function. Consequently,
there is the potential that with further analysigsh® models from an exchange value rather
than welfare economic value perspective, theseoagpes may provide data or functions for
use in developing estimates of exchange valuess®lin ecosystem accounting.

87 A scheme or process is said to be incentive cabipaf all of the participants fare best when thaythfully
reveal any private information asked for by the hzetsm.
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Production function methodsstimate the contribution of ecosystem servicepramuction
processes in terms of their contribution to theugabf the final product being traded on the
market. The general principle, i.e. disentangling tontribution from the ecosystem versus
contributions from other production factors, is lagaus to the use of the resource rent as a
proxy for the monetary value of provisioning seedc These methods require an
understanding of the links between ecosystem ss\and the market product, for example
the link between the preservation of a wetland asdish habitat and the catch of fish.
Production function methods can also be used taevaidirect use values generated by
regulating services such as the storm and floodeption service, by disentangling their
contribution to the generation of outputs traded market.

Hedonic pricing methodanalyse how environmental qualities affects theeppeople pay for
market products or assets. For example, hedonithgrcan be applied to reveal the value of
local ecosystem services that contribute to theevalf a property, as in the case of urban
green space increasing local house prices. Inc#ss, hedonic pricing involves decomposing
sale prices of houses into implicit prices for teracteristics of the house (e.g. number of
rooms, size of the lot, etc.), other factors, awl ecosystem services.

Hedonic valuation methods may also be used in nglicosystem assets, for example,
forests, where there are a range of possible aseshence a range of ecosystem services,
which each need to be priced. Hedonic valuatiornhia situation may also reveal option
values where there are possibilities to alter tbe af an ecosystem asset in the future. The
application of hedonic valuation analysis requaesifficiently large amount of data to permit
statistical identification of the relevant charaistics of the land areas to be captured,
including the availability of ecosystem services.

Averting behaviour methodare used as an indirect method to evaluate thiengrnkess of
individuals to pay for improved health or to aveiddesirable health consequences. Averting
behaviour models are based on the presumptiompéugtie will change their behaviour and/or
invest money to avoid an undesirable outcome rieguftom ecosystem degradation. The
incurred expenditures provide an indication of th@netary value of the perceived change in
environmental conditions.

Contrary to the replacement cost valuation metised @bove), the averting behaviour method
is based on individual preferences. For examplethm presence of water pollution, a

household may install a filter on the primary tapthe house to remove or reduce the
pollutant. It is necessary for households to bé falvare of the impacts on them resulting

from environmental changes in order for this mettwobe applicable. However, due to lack of

information, short-term focused behaviour and thenglexity of assessment, the averting

behaviour method will often underestimate the valfiehe service as people may not be
aware of environmental concern or may be too incoorestrained to participate in averting

behaviour.

Travel cost methodare often used to value ecosystem services agstciath recreational
sites. These methods estimate the value of theystlems services based on the amounts
consumers may be willing to pay as reflected indbsts of visiting a recreational site (e.qg.
transport costs, travel time, visiting time). Segdite travel cost models present difficulty in
determining the value placed on an ecosystem seorithe condition of a service provided at
a site unless the study is conducted over timethadservice and/or condition varies over
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time. Multi-site models employ a random utility fimawork that can permit the researcher to
determine the value placed on an attribute comneovosa the recreational sites (e.g. how
much one would pay for an additional unit of beatith or beach length).

Generally, the studies using travel cost methodss@mn estimating total willingness to pay
and hence the valuations incorporate measuremesunoé of the consumer surplus generated
for visitors to ecosystems. Depending on the methased it may be possible to derive
estimates from these studies consistent with exgghaalues or to establish studies that are
designed to estimate exchange values.

Stated preference methode designed to capture information on peoplelbngness to pay
for ecosystem services without observing an acpasiment or transaction. The most
important approaches are contingent valuation dmwice experiments. Contingent valuation
studies typically ask respondents to state a véileg attribute to a certain ecosystem asset,
ecosystem characteristic or ecosystem serviceheoralue they place on a project that will
preserve that asset, characteristic or serviceic€hexperiments ask respondents to select
from a range of available options with varying leveof ecosystem services, and
corresponding prices for the associated bundleeofices. If designed correctly, this can
permit valuing different ecosystem attributes.

For each of these stated preference methods, thepsef the questionnaire is critical;
respondents need to be presented a credible cagefotential payment for an ecosystem
service. Econometric procedures can then be useevé&al monetary values on the basis of
choices or ranks.

The main advantage of stated preference methdtatisunlike other valuation methods, they
can be used to quantify the non-use values of asystem in monetary terms. These methods
can also be used to value ecosystem conditionsdiatot currently exist or ecosystem
services that may become available in the futuomti@gent valuation estimates are sensitive
to the specific framing of the questions elicitegtimates of willingness to pay. For example,
the sum of the values obtained for the individumhponents of an ecosystem may be higher
than the stated willingness-to-pay for the ecosysts a whole. In addition, contingent
valuation measures may overestimate economic v#fluespondents do not believe they will
actually have to pay the amount they say they wabeldvilling to pay for a service (and are
therefore not incorporating their budget constjaiStudies using these methods typically
produce estimates of consumer surplus and thuse$siould not be used directly to estimate
exchange values.

Approaches to modelling exchange values

A number of the valuation approaches describedaloam be used to derive a demand curve
representing the willingness to pay for particidaosystem services (e.g. travel cost method,
averting behaviour method). Consistent with theulsion on valuation concepts in Section
5.3, a possible step in the estimation of exchamafiges is the estimation of a supply curve for
the same ecosystem service. If this step couldbb®leted then the intersection of the supply
and demand curve would provide an estimated mapkiee, from hypothetical market.
Alternatively, it may be possible to use measuradngties of ecosystem service flows to
reflect the level of supply.
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An approach has been developed that seeks to dmgptghetical markets. The Simulated
Exchange Value approach has been proposed by adfe8panish economists in the specific
context of accounting in the forestry sector. Tppraach aims to measure the income that
would occur in a hypothetical market where ecosgstervices were bought and sold. It
involves estimating a demand and a supply curvedherecosystem service in question and
then making further assumptions on the price thatlevbe charged by a profit-maximising
resource manager under alternative market scendi@smethod then takes the hypothetical
revenue associated with this transaction (excludirey associated consumer surplus) as a
measure of value of the flow of ecosystem servitég Simulate Exchange Value approach
estimates the value of ecosystem services in tefh®tential revenue and can therefore
arguably represent a more consistent basis foudiml their value in national accounts
alongside monetary transactions.

Key measurement issuesin valuation
Measuring regulating services

Unlike cultural or provisioning services, the bigplital performance of regulating services,
and thereby their economic value, is influencedhwystate of other ecosystems in a specific
area. For example, the relation between the argared with forest and the regulation of
downstream flood levels is non-linear: a small adun of forest cover will not reduce the
service to a significant degree. In a watershed wait initially high forest cover, the different
plots have a low marginal value related to floodtoa: conversion of one or a few plots does
not lead to increased flood risks downstream. H@wmewhen forest cover is further reduced,
the impact of one unit of extra deforestation awod risk will often strongly increase. This is
typical for many regulating services. For ecosys@toounting, this means that prices of
regulating services will normally be variable owéne as a function of the state of the
ecosystem.

The value of the regulating services will also vamer time as a function of economic
development: the more people who live in an arebhave their economic activity (including
consumption) supported directly or indirectly b tiegulating service, the higher the value of
the regulating service. In the most extreme cés® one is living in the area where potential
benefits of the regulating service arise, the emgbavalue of a service may be zero. To reflect
these population and demand changes, estimatéisefealue of regulating services will need
to be updated for every accounting cycle.

Aggregation

For the purposes of ecosystem accounting, the deradion of valuation must go beyond
determining appropriate approaches to the estimatib prices and value for individual
ecosystem service flows. To integrate monetarymegés of ecosystem services within
broader accounting frameworks it is necessary tetiake aggregation. Aggregation itself
must be considered from a number of different pEatipes: (i) aggregation of the value of
different ecosystem services within a single ecmsys (i) aggregation of the value of
ecosystem services across multiple ecosystems(iigrajgregation of the value of expected
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ecosystem services flows to provide an estimatéhefvalue of an ecosystem asset. Each
potential aggregation is considered in turn. Ihdded that at each level of aggregation the
complexities involved and the assumptions requirecrease since the challenges of
estimation at the level of an individual ecosystimmot diminish when considered at a larger
scale.

Aggregation within a single ecosystem

Assuming that valuation of ecosystem services &sitde, in concept the logic in aggregation
here is akin to the addition of values of outpuiniran enterprise that produces a range of
different outputs. Thus, for a given accountingigebr it should be possible to sum the
estimated value (price times quantity generatedgéah ecosystem service. This may be able
to be used to compare the value of ecosystem sarpivided by different ecosystems and
also allows the relative value of different ecosgstservices within an ecosystem to be
compared.

While simple in concept, this approach assumesethelh ecosystem service is independent or
that the value of each service is net of the adddde from interdependent services. In
practice, it may be difficult to isolate ecosysteervices in terms of their price and quantity.
Aggregation of this type should ideally take intmsideration cross-ecosystem dependencies.
If dependencies between ecosystem services atek®st into account there is the potential to
double count the contributions of individual ecdeys services. Resolution of these issues is
likely to require a thorough understanding of tekevant ecosystem processes in physical /
scientific terms and understanding of the contidng of ecosystem services to human
wellbeing. Ongoing research into bundling and dtagkissues in ecosystem service
measurement may provide guidance in advancingtigsegation issue.

Aggregation within an ecosystem may be complic#tedugh the use of different methods of
pricing for different ecosystem services since dlerall valuation basis may become more
difficult to determine. Nonetheless, to the extdmt each method used applies the same
valuation basis, e.g. market prices, then the ¢xtithis complication may be more limited.

It is observed that the meaningfulness of the tiegusum of values of different ecosystem

services depends on the coverage of the measuosystem services. In cases where the
measured ecosystem services do not provide avedlattomplete coverage of the set of

ecosystem services then the overall value will béinsited usefulness. In this regard, the

comprehensive measurement of ecosystem services flovphysical terms is an important

starting point.

Finally, the meaningfulness of the sum of valuedl i affected by the consistency in
approaches to valuation of individual ecosystemviees. Certainly, where different
approaches provide estimates relating to diffevahtation concepts (i.e. exchange value or
welfare economic value), the resulting aggregatéd<e difficult to interpret. However, even
in cases where a consistent valuation concept ptiealy the use of different measurement
approaches for different ecosystem services méyesid to gaps and overlaps in valuation
that need to be considered.
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Aggregation across ecosystems

Aggregation across ecosystems, for single or maltgrosystem services, encounters the
same issues outlined above and the additionalestg®l of value transfer, to the extent that
direct valuation of each ecosystem service in e@dsystem is not possible. In general terms,
value transfer involves using information from agle ecosystem to estimate values in
another similar ecosystem after adjusting for usioharacteristics such as size, proximity to
population centres, etc. Value transfer is disaligeher in the following sub-section.

As the range of ecosystem types increases andeasuthber of ecosystems and ecosystem
services analysed increases, the aggregation isslid'ecome more complex. Depending on
the analytical questions under investigation thep sof aggregation should be undertaken
cautiously. It may be of interest to aggregateviflees of a single type of ecosystem service
that is generated from a number of different edesys (e.g. carbon sequestration services
across all ecosystem assets). This type of aggoegatlikely to still require rules appropriate
to the service measured (e.g. summary, averagiograping) and the use of value transfer
methods but the focus on a single ecosystem selimits the impact of issues that arise in
the aggregation of different types of ecosystemises.

Aggregation to create values for ecosystem assets

For certain purposes it may be relevant to compiéasures of the value, in monetary terms,
of ecosystem assets. The motivations and limitatioh undertaking this compilation are
discussed at some length in Chapter 6. For theogespof discussion here, the starting point
in estimating aggregate values of ecosystem ais¢ist the expected future flows of each
ecosystem service can be valued and then discotmtée current period. This derives a Net
Present Value (NPV) based estimate of ecosystertsaasd follows the same accounting
logic as applied in standard asset accounting.

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

(i) The need to make assumptions as to the compositifuture ecosystem services
flows. Most likely it is only relevant in an accding context to determine this
composition based on a continuation of businesssaal rather than developing a
range of alternative scenarios for the use of twsystem. (The development of
alternative scenarios for analytical purposes &siiide as an extension of the SEEA
Experimental Ecosystem Accounting.)

(i) As part of developing expected estimates it is s&aey to formulate an asset life —
i.e. the expected period of time over which thesgstem services are to be
delivered. Given the potential for ecosystems generate, implicit in determining
an asset life is some view on the extent to whighdelivery of the current set of
ecosystem services is sustainable. (It is notedpibiats (i) and (i) are necessarily
related challenges).

(i) As with aggregation within ecosystems, understapditependencies between
ecosystem services and assets and these depesdientugure periods remains a
challenge. Ideally not only would relationshipskmmwn in the present period but
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also how these relationships might change in thieréutaking into account the
likely non-linearities involved. (It is noted theglevant knowledge should also be
considered in point (i) and (ii).)

(iv) Derivation of NPV estimates requires the selectiban appropriate discount rate.
This is not straightforward and depending on thetext may require consideration
of various equity and other social issues includimigrgenerational equity. The
SEEA Central Framework discusses discount rates camgludes that for the
purpose of alignment of SEEA values with the SNAisitnecessary to select
marginal, private, market based discount ratesRW Malculations. This may not be
considered appropriate for ecosystems as a whotseviialue may be considered
not properly reflected at the margin.

Given all of these considerations, careful thowdtduld be applied before applying standard
NPV approaches to the valuation of ecosystem ad3etgending on the analytical and policy

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

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

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

One motivation for undertaking these valuationsoigletermine the change in the value of

ecosystem assets and hence to derive measuressystm degradation in monetary terms.

Issues concerning the definition and measuremergcosystem degradation in monetary

terms are discussed at length in Chapter 6. lbischhere that measurement of the change in
the value of ecosystem assets still requires cerdidn of all of the factors listed above and

cannot be simply related to movement in the praoas quantities of ecosystem services in a
given accounting period. Under this approach tesgstem degradation it is the change in the
full time series of expected ecosystem servicegdlthat is important.

Benéefit transfer

The discussion of valuation for ecosystem accognigfocused on the development of
estimates in monetary terms for large regions ountiees that may be used for the
development, implementation and/or monitoring oblfupolicy. Much work on valuation
has focused on the valuation of ecosystems and/stens services in smaller, more targeted
settings for specific ecosystems or in relatiopddicular events, for example the valuation of
damages caused by oil spills. Consequently, mutd ata the value of ecosystem services is
fragmented, covering only specific services ovéarge area, or multiple services in a more
confined area, or changes in the flow of ecosyssenvices following a specific event. In
general, great care must be taken when value deSnfiar ecosystem services or ecosystem
assets are extrapolated to other areas.

There are three main types of approaches to barafisfer: value transfers, benefit function
transfers and ‘meta-analysis’ function transfersiadue transfer takes a single estimate of the
value of an ecosystem service, or an average @fralevalue estimates from different studies,
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to estimate the value of an ecosystem servicedifferent context. Rather than transfer the
single estimate of value, a benefit function trandfakes the function estimated from a
primary research study in one context and appliesni another context. A more
comprehensive way to carry out benefit transfersoisise meta-analysis, which takes all
existing studies and then estimates a relatiortslaipgives changes in the values of ecosystem
services as a function ofter alia, site characteristics, attributes and size of paifmn
affected, and the type of statistical method usdtié analysis of existing studies. This is then
transferred to the new application in a procedeferred to as meta-regression-value-transfer,
which gives a range of values to the new applicatitepending on the characteristics
embedded in the meta-regression.

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

The values provided by ecosystem services are sftemgly dependent on the biophysical,
economic and institutional context, which makedifficult to assume that value estimates of
specific services apply also in a different conté&drthermore, ecosystems are likely to be
highly interdependent. The value of one unit of esosystem is therefore likely to be
contingent on the existence or proximity of otheosystem components. In these situations,
asset values are known to be interdependent r#ther unique (as is the case with values
revealed on regular markets). Given the likelihadddifferences in quality of ecosystem
services between ecosystems, a simple value trams$ed on average prices is unlikely to be
appropriate and meta-analysis function transfezdikely to be required.

At the same time, the number of point estimategatife or functions available for transfer is
dependent on the type of ecosystem service beingiadered. For example, while there are
many studies of recreational use, there are nohasy studies on the value of wetlands.
Different valuation studies are also often basedliffierent assumptions and using different
methodological constructs leading to differing levef confidence in the estimates produced.
Given, the limited data points for certain ecosystservice types, the variability in

approaches and the lack of common functional veetabcross studies, benefit transfer is
prone to a high degree of uncertainty, particuldrlgone poorly. Therefore, there must be
focus on increasing the number of observationsdiffielrent valuation studies to improve the
overall quality of outcomes, in addition to effortdmed at improving benefit transfer

methods.

Uncertainty in valuation

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

(i) Uncertainty related to physical measurement of gst@sn services and ecosystem
assets- It is clear that, given data scarcity for mampsystem services, physical
measurement of the flow of ecosystem servicesaitiqular at aggregated levels, is
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prone to uncertainty. Most countries do not comsidy measure flows of
ecosystem services at an aggregated (national em sub-national) scale, and
services flows need to be estimated on the basjgobft based observations in
combination with spatial data layers and non-spatsistics. At the same time, it is
noted that information related to flows of provising services are generally,
readily available.

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

(i) Uncertainty related to the dynamics of ecosystemd ehanges in flows of
ecosystem services Establishing the value of ecosystem assets nexjuaking
assumptions regarding the supply of ecosystem aver time, which in turn
depends on the dynamics of the ecosystem. Changesystem assets will often
be reflected in a changed capacity to supply etesysservices. It is now
recognised that ecosystem changes are often suiddeiying thresholds at which
rapid and sometimes irreversible changes to a mewystem state occur. Predicting
the threshold level at which such changes occoonsplex and prone to substantial
uncertainty.

(iv) Uncertainty regarding future prices and values abystem services Pricing
benefits and costs that may accrue in the farigtdaure is complex because it is
extremely difficult to predict our circumstances the future. The ecosystem
implications of humanity’s continuing modificatiaf the climate and landscape are
uncertain, and those implications are likely batlatfect and to depend on how the
future evolves. Uncertainties concerning valueseuen greater inasmuch as the
methods of nonmarket valuation compound errorsiimation.

5.130 The best strategy to deal with the sources of saicgy will vary by country as a function of

data availability and relevant services selectadefmsystem accounting. Given the limited
experience to date in analysing ecosystem serinclesth physical and monetary terms at the
national level, the approaches to limiting theseeutainties and maximise the robustness of
ecosystem accounting will need to be further dgyafioonce more practical experience with
ecosystem accounting has been gathered and evhluHte experiences gathered with
national level assessment of ecosystem serviceplyswgge also highly relevant in this
contexf® and thus it is important that all projects provitiear information on the scope of the
ecosystem services that have been valued andlévamé assumptions and uncertainties.

% See for example the UK National Ecosystem Assess(2810)
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VI: Accounting for ecosystemsin monetary terms

Introduction

Accounting for ecosystems in monetary terms is raportant consideration in ecosystem
accounting since a common objective is to bringetbgr information on ecosystems with
measures of economic activity which are usually sueed in monetary terms. One way of
bringing this information together is to create timed presentations that combine measures
in physical terms for ecosystem services and etesysassets with standard economic
measures such as value added, income, and employfaiowing the descriptions in
Chapter 6 of the SEEA Central Framework, these daoedbpresentations may take a variety
of forms depending on the topic or question ofrese They may be particularly appropriate
in cases where valuation in monetary terms is astiple for some accounting entries but
relevant physical information may still be of uSection 6.2 describes relevant measurement
issues.

A second way of considering ecosystem accountinpnémetary terms is to bring together
valuations of stocks and flows of ecosystem asa&dsan ecosystem asset account following
the standard asset account structure outlined enSBEEA Central Framework. Although
seemingly straightforward, the development of amsgstem asset account in monetary terms
does require the use of some significant measureassumptions, most prominently that it is
possible to derive the economic value of ecosysiesets as the sum of the discounted value
in monetary terms of the future stream of ecosyssemvices. Section 6.3 discusses the
relevant assumptions and approaches, with a phtidocus on the measurement of
ecosystem degradation in monetary terms.

A third approach is to use valuations of ecosystenvices and ecosystem assets in monetary
terms to augment the standard national accountsaggdegates. There are a number of
motivations for considering this integration gefigraround the notion that in a number of
situations it is beneficial to provide informatiom economic and other human activity that
take place outside the market and/or is not recbidethe standard economic measures of
production, consumption, income and wealth. Proygjdihis information in a manner that
relates directly to the standard economic measigesficant aids analysis and interpretation.
It is therefore usual for work in this area to sfawm the concepts and structures of the SNA
and seek to find ways in which alternative prederia and aggregates may be formulated.

This chapter introduces possible areas of integrabietween ecosystem accounting and
standard presentations of economic accounts bildedately refrains from providing specific
recommendations. This is done for a number of reaso

(i) First, there are differing views about the meanihggss of integrated measures and
accounts in light of the assumptions required faluation in monetary terms and
consequently, about the ability to use integrategsares and accounts for policy
purposes.
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(i) Second, there are concerns within the officialisias community about whether
the types of adjustments and extensions to the SfdAare commonly described
fall within the purview of official statistics.

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

(iv) Fourth, there remains a range of significant meamsent challenges.

Notwithstanding these concerns, SEEA Experimentabsistem Accounting would be
incomplete without placing in context considerat@fort that has been devoted to
conceptualising adjustments and extensions to e 8 is therefore appropriate that the key
measurement issues in accounting for ecosystemsoimetary terms are introduced in this
chapter. This is done in Section 6.4.

The discussion of combining ecosystem accountinth vetandard national accounts is
increasingly relevant as countries, both nationalyl multi-nationally, are recognising the
scarcity of some ecosystem services and are demglgmlicy instruments to manage this
scarcity. Where new property rights are establisiied new transactions arise, there is an
overlap between the aim of adjusting for environtaenoncerns and the inclusion of these
transactions in the existing framework of the SNFus, for example, the treatment of
payments for tradable emission permits is an ingmarissue for the SNA as there are actual
transactions, assets and liabilities that museberded. To the extent that ecosystem services
are “internalised” in the SNA, there is need to emsthnding the changing measurement
boundary.

Combined presentationsfor ecosystem accounting
Introduction

Combined presentations are a way of assessing ebangtocks and flows of ecosystems in
the context of standard measures of economic #ctivithout undertaking the step of

valuation of ecosystem services and ecosystemsass@honetary terms. An example of a
combined presentation is one comparing expenditoresnvironmental protection for a

specific ecosystem asset with changes in ecosystewition in physical terms for the same
ecosystem asset.

In combined presentations for ecosystem accouritiegmost significant area of interest is
likely to cover linking physical measures of ecdeyss with standard economic transactions
that are considered related to the environment. SEEA Central Framework Chapter 4
covers the recording of the relevant transactiops () describing the compilation of
Environmental Protection Expenditure Accounts (EPBAd statistics on the Environmental
Goods and Services Sector (EGSS); (ii) definingirenmental taxes and environmental
subsidies and similar transfers; and (iii) outljnthe general treatment of payments for access
to or use of natural resources and the environment.

All of the definitions and treatments for thesenactions as outlined in the SEEA Central
Framework apply equivalently in SEEA Experimentab&ystem Accounting. This reflects
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that the treatments in the SEEA Central Framewoeketaborations of the treatments of the
transactions from a standard SNA perspective a@ktis no requirement to adopt alternative
treatments of the same transactions for ecosysteouating.

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

Information on environmental activities

As defined in the SEEA Central Framework, environtakactivities are either environmental
protection activities or resource management dig#i These are economic activities within
the production boundary of the SNA that have a primpurpose of either the prevention,
reduction and elimination of pollution and othernfiz of degradation; or preserving and
maintaining the stock of natural resources. Geheriilhas been expenditure on these types
of activities that has been the focus of accountirgyvever, increasingly there is interest in
measuring the production of environmental goods serdices, i.e. those products produced
for the purpose of environmental protection or uese management and relevant adapted
goods. (For details see the SEEA Central Framevizhikpter 4).

From the perspective of ecosystem accounting timerng be particular interest in combining
information on ecosystem services and ecosystegtsagsth information on expenditure on
environmental protection or resource managemettelinformation is organised on the same
spatial scales this would facilitate the monitorofgthe effect of expenditures on changes in
ecosystems. For example, information may be orgdnisy type of LCEU, combining
information on expenditure to restore coastal vmelawith information on associated changes
in ecosystem conditioff.

At a national level, it may be useful to focus be tevelopment of expenditure accounts for
subsets of environmental protection and resourceagement activity that are particularly
focused on the maintenance and restoration of etawg. The compilation of targeted
statistics on the production of ecosystem relatedrenmental goods and services, with the
framework of statistics on EGSS, may also be araggt. These statistics would, for example,
provide information on the share of overall valggled contributed to the economy through
the production of goods and services that are dedigspecifically for the protection or
management of ecosystems.

Linking ecosystems and ecosystem servicesto economic activity

Although the focus of ecosystem accounting is ofiarthe additional services provided by
ecosystems, there is also interest in understaridangignificance of the relationship between

&9t may be difficult to allocate survey data colletttat national level to specific ecosystem as3éiss, it may
be necessary to consider alternative approachesllecting site specific expenditures, for examieough
administrative sources.
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ecosystems and standard measures of economidycsivch as GDP. For example, it may be
of interest to understand the contribution of estay services to agricultural production.

A useful approach is to align the spatial coverafeecosystem data and measures of
economic activity, perhaps using information ondlarse or land ownership, such that flows
of ecosystem services and changes in ecosystetts assebe related directly to measures of
output, employment and value added in the samdasmaeas. (It is noted that the most
appropriate spatial boundaries will vary for diffet ecosystem services and this may need to
be taken into account in interpreting any deta#patial information.) Additional benefit
would be gained by also integrating estimates giupaiion at aligned geographic levels.
Increasingly, socio-economic data are being orgahi finer levels of detail using GIS and
related techniques. Nonetheless, a balance wildl neebe found between the potential for
disaggregating economic data to finer spatial lewad the meaningfulness of aggregating
ecosystem data to higher spatial levels.

It should be accepted that the allocation of ecaoautivity to small spatial areas can be
conceptually difficult and may require the use afious indicators. For example, the ideal
spatial allocation of transport activity is not atws. Therefore, it may be most useful to
commence with identification of measures of ecomomitivity for those industries and
activities for which a clear link can be establ$hetween an ecosystem and the location of
the production — for example, agriculture, forestishing, and tourism. This information may
be of particular use in considering the allocatibecosystem degradation to economic units.

Where links between economic units and particutasgstems can be established, it is also
possible to consider integrating information onaage of other transactions that may take
place in relation to the economic activity. For myde, payments of certain environmental
taxes, payments of rent on natural resources, patgnoé environmental subsidies and similar
transfers may be combined with standard econondicators and indicators of ecosystem
services and assets to provide a more completargicf the relationships between a given
ecosystem and the economy.

Treatment of paymentsfor ecosystem services

A specific case of a link between ecosystems arahaic transactions is the case of
payments for ecosystem services (PES). PES aratineg offered to landowners (often
farmers) in exchange for managing their land to/ioi® some type of ecosystem services.The
payments reflect “a transparent system for thetewhdil provision of environmental services
through conditional payments to voluntary providétsin the context of PES the payments
relate to ecosystem services that contribute to3MNA benefits. It is assumed that those
ecosystem services that contribute to SNA beneddits already captured in current
transactions.

Since PES are monetary transactions in scope dbire their accounting treatment should
follow the SNA. To a large extent this will depend the nature of the scheme that is in
operation. Notwithstanding their general title, payments are made to the ecosystem

¥ Tacconi, L. (2012). Redefining payments for enmimental service€cological Economics73 (1):

29-36.
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generating the relevant ecosystem services. Rggthgment is made to an economic unit who,
in return, undertakes various remedial actionshanges patterns of use of the ecosystem
(including potentially not undertaking economicisity), with the objective of maintaining or
increasing the supply of ecosystem services.

Given the conceptualisation for ecosystem servided has been developed in SEEA
Experimental Ecosystem Accounting it is reason&bleonclude that any payments reflect the
“marketisation” of flows that would otherwise bensidered outside the scope of the SNA
production boundary. The corollary is that wherer¢his no transaction or payment then the
ecosystem services are not within scope of the SN&. noted that the economic unit may
also be required to incur current and capital esdjjare and these are likely to be already
recorded following SNA accounting practices.

The situation is analogous to the treatment of ghavision and consumption of services
within the home. Following SNA, child care by pasemt home is considered outside the
production boundary, but where child care serveresprovided by economic units in return
for money (or similar) the activity in consideretside the production boundary.

In a combined presentation, a spatial organisatibrinformation is relevant. For given
ecosystems a combined presentation may show floW&S together with information on the
flows of ecosystem services and measures of e@msyassets. In addition, where payments
are made for the undertaking of ecosystem maintenan restoration activity, it would be
relevant to link this information with informatioon expenditure on these activities (see
previous sub-section) and ensure consistent adoguott the relevant transactions.

Accounting for ecosystem assetsin monetary terms
Introduction

The measurement of changes in ecosystem assets) padicular ecosystem degradation, is
an important component of environmental-economicoanting. Using the framework for
asset accounts as described in Chapter 5 of thé &eRtral Framework, this section outlines
the possible structure of an ecosystem asset actomonetary terms.

Underpinning the development of an asset accoutti@sapplication of the standard asset
accounting model as applied in the case of prodasséts. In short, this application of the
model requires that the values of ecosystem seffloves are interpreted as analogous to
income flows. Since the set of ecosystem servioeidldescribed in SEEA Experimental
Ecosystem Accounting contribute to both SNA and-8b/A benefits, it implies that the
production boundary, and the associated boundafiesnsumption and income, are broader
in SEEA Experimental Ecosystem Accounting compaoeithe SEEA Central Framework and
the SNA. The extension of the income boundary essstirat there is alignment between the
characterisation of the asset and production batesla

The application of the standard asset accountindeimim ecosystem assets raises humerous
concerns that must be considered before undertakicly an accounting exercise. A particular
concern is related to comparison and aggregatimsawarious types of assets (e.g. produced
assets, environmental assets, human capital). Whenvalues of ecosystem assets are
estimated in monetary terms it becomes possibtengpare and aggregate these values across
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asset types because the same measurement unityjmenesed. Comparisons between the
various asset values may lead to misleading coiecissegarding sustainability since it may
be implied that the various asset types, includiogsystem assets, can be readily substituted
for each other without leading to a loss in therallevalue of assets.

6.26 Following the introduction of a possible structefean ecosystem asset account in monetary
terms, most of this section is devoted to discusefathe valuation of ecosystem degradation.
This has been a significant focus of work over mgegrs and the key elements of the
discussion are summarised. The discussion buildhediscussion of ecosystem degradation
in physical terms in Chapter 4 and readers arewnged to review that material before
considering valuation issues. Overall, there agniicant conceptual and measurement
challenges involved in developing ecosystem asssbdumts and this section is intended to
introduce the possibility rather than recommendr ttempilation.

6.3.2 Thestructureof ecosystem asset accounts

6.27 The standard asset accounting model permits thelafmwent of estimates of the total value
of an ecosystem asset in monetary terms. In conttepwalue of an ecosystem asset may be
considered to be equal to the discounted valuexpécted ecosystem service flows. These
discounted values provide the opening and closatighates of ecosystem assets in monetary
terms and can be presented in the form of an assetnt following the structure described in
the SEEA Central Framework.

6.28 The basic structure of an ecosystem asset accowhiown in Table 6.1. Since the estimates
are compiled in monetary terms, estimates for diffe ecosystem assets can, in theory, be
summed to provide higher level aggregates. Givenpibtential for aggregation it may be
most practical to consider the development of agsebunts for particular LCEU and then
aggregate to the EAU level. In large part howether,determination of the level of estimation
will depend on the approaches that are taken testienation of ecosystem service flows in
physical and monetary terms. The information miglsb be presented in combination with
information in physical terms.

6.29 Ecosystem degradation is not shown explicitly i #hsset account as it represents the
differences between various additions and redustionecosystem assets, particularly those
related to reductions due to extraction and hafygsiductions due to ongoing human activity
and regeneration. Reductions due to ongoing hunwivitg relate to the impacts on
ecosystem assets of pollution, emissions, landasinns, and other examples of use that are
not considered as the extraction of resources.xpkaimed in Chapter 4 there are a range of
perspectives that may be taken with regard to etesydegradation, especially in relation to
the accounting treatment for ecosystem conversieagher discussion on the measurement
of ecosystem degradation in monetary terms is pteden the following sub-section.

"It is noted that in the case of renewable natsburces (e.g. timber resources), reductions deattaction
and harvest will not usually equate to depletiontlufse resources as it is necessary to also acdount
regeneration and growth of the resources in thenatbn of depletion. See SEEA Central Framewor&tiSa
5.4.
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Table 6.1 Stylised Ecosystem Asset Account Entries

EAU 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 ofuess

Reductions due to ongoing human activity

Catastrophic losses due to human activity

Catastrophic losses due to natural events

Reclassifications

Total reductions in stock

Revaluations

Closing stock of ecosystem assets

The value of ecosystem degradation is only pagcsbunting for the change in value of the
ecosystem over an accounting period. A completesystem asset account also requires
consideration of changes in an ecosystem over@uating period due to

* Major regeneration through ecosystem enhancement

« Losses attributable to significant natural causes,floods, fires, etc
* Reclassifications

¢ Revaluations

Major restoration of ecosystems during an accogrpiriod should be recorded separately as
an addition to ecosystem assets. This may occurefample, when major replantings of
native species in deforested areas are undertdkagor restorations of degraded ecosystems
should be considered distinctly from relatively tionous patterns of re-planting that may
take place as part of forestry operations. Finafigjor restorations should not be considered
an “offset” to reductions in ecosystem assets dueatvesting of timber and other resources
in other ecosystem assets since the impacts oitothie of ecosystem services from different
ecosystem assets are not likely to be directly coatge.

Accounting for major restorations of ecosystemates to a standard national accounts entry
for expenditures on land improvements. Expenditoresuch restorations constitute a type of
gross fixed capital formation and are includedhia accounts valued on the basis of the costs
of undertaking the improvements. In a set of augetemational accounts, care should be
taken to appropriately integrate these flows ofiteapormation with changes in the value of
the related ecosystems.
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M easuring ecosystem degradation in monetary terms
Valuing ecosystem degradation using expected gemsyservice flows

Since in monetary terms an aggregate value foraggescosystem services flows is derived,
the most straightforward approach to measuringystes1 degradation is as the change in
value of expected ecosystem service flows overcaoumting period. However, in the case of
ecosystem conversiofighere is a change in the basket of ecosystemcssrand hence the
change in value of expected flows also incorpor#teseffects of changes in the types of
ecosystem services that are expected to be getieEpending on the purpose of analysis it
may or may not be reasonable to incorporate théet® in measures of ecosystem
degradation.

Restoration cost

Reductions in ecosystem condition represent onescaspf ecosystem degradation. If

ecosystem degradation is considered to relate tontgductions in ecosystem condition then
the perspective taken is one in which the ecosysteset is considered as a whole. In this
case, ecosystem degradation is conceptualised imggnegate sense rather than being
considered in terms of separable ecosystem sditeiws. The most common approach to the
valuation of ecosystem degradation in this situaiioto estimate the restoration cost — i.e. the
estimated expenditure required to return the etesyssset to the condition that existed at
the beginning of the accounting period.

There is a range of concerns about the use oftaraéi®n cost approach. These include that
the implicit price does not reflect a market priteat it is unclear whether the ecosystem
should or could be restored to a previous conditionl that the use of an aggregated approach
is not conducive to a full allocation of costs ¢étevant economic units.

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

Damage-based and cost-based values of ecosysteaddégn

Historically, the discussion on the measuremergaafsystem degradation in monetary terms
has revolved around whether the matter should peoaphed from the perspective of “how
much damage is caused by ecosystem degradation*called damage-based estimates; or
whether it should be approached from the perspedivV‘how much would it cost to avoid
ecosystem degradation” — cost-based estimates.eTlvas no expectation that estimates
obtained from the different perspectives shouldjralalthough the extent of ecosystem
degradation in physical terms was assumed to bsaime in each case. The differences and
the relevant accounting implications are describedktail in Chapters 9 and 10 of the SEEA-
2003.

2 Ecosystem conversions refer to cases where thaatkaistics of a particular spatial area changeificantly.
For example, a forest area may undergo a convetsiagricultural land.
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Consideration of ecosystem degradation in the gbmteecosystem services does clarify the
scope of damage-based and cost-based perspedivessignificant degree. Thus damage
based assessments should focus on the value agkduetion in the capacity to generate
ecosystem services, and cost-based assessmentd $hows on the cost of avoiding or
modifying the human activity that is causing th@®stem degradation (avoidance costs).
These two values may be quite different althougbiritaboth may be useful for informing
policy options.

Damage-based assessments are likely to includegeblan the value of other assets (e.qg.
buildings) that may be due to a degraded environmaentheory, these declines in value
should have already been accounted for in the atdn@NA asset accounts as either
consumption of fixed capital or other changes ituree. In practice, ensuring that extent of
damages is appropriately attributed to assets thattthey are only recorded once is likely to
be a complex accounting exercise. It is necessaponsider (i) whether the changes in the
ecosystem are normal and long lasting, (ii) thiedges to related effects such as productivity
and human health which may or may not be capturettie SNA, and (iii) the relationship
between the value of an ecosystem service andaibie wf the benefits to which an ecosystem
service contributes. Overall, integration of dambgeed measures of ecosystem degradation
within standard national accounting requires afaaeeticulation.

Allocation of ecosystem degradation to economitsuni

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

Allocation of ecosystem degradation to economictsuron a receiver basis requires
assumptions concerning the relationship betweemani units and their use of flows of
ecosystem services. Allocation to economic unitaimctivity basis will require assumptions
about the relationship between the causes of dagoad and economic units. These
allocations may be difficult because there will heta neat spatial relationship between the
location of an ecosystem asset, the location okttmmomic units that cause the degradation,
and the location of the users of the ecosystemicgsrv Further, it may be necessary to
understand and account for differences betweentithe at which ecosystem degradation
occurred and the time at which the impacts of tbgradation were felt by the various
economic units.
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Integration of ecosystem accounts and economic accountsin monetary terms
Introduction

This section introduces three ways in which ec@sysiccounting information may be used to
augment the economic accounts of the SNA:

(i) The compilation of balance sheets that compar@adhees of ecosystem assets with
values of produced assets, financial assets (afdiies), and other economic
assets. This approach also brings into consideratfproaches described in the
literature as wealth accounting.

(i) The compilation of a sequence of economic accdiakiag into account ecosystem
services and other ecosystem flows, especiallyystes degradation;

(i) The derivation of aggregate measures of econontigitygc such as income and
saving, that are adjusted for ecosystem degradation

The extent to which estimates of ecosystem servieegsystem degradation and related
measures can be used to augment standard econocgionés depends on the underlying
approach taken to the conceptualisation of ecosystesets and ecosystem services. Where
the value of ecosystem assets is conceptualiskediag directly related to expected ecosystem
service flows, there is the potential to develoegnated sequences of accounts, degradation
adjusted measures and balance sheets. Where thi@ donnection is not assumed such
augmented accounts cannot be compiled.

It must be recognised that the augmentation ofdstaheconomic accounts does not imply
that there is a simple extension or addition ofsgstem accounting information. Rather, there
are many entries in the standard accounts that beust-considered in the light of efforts to
highlight ecosystem accounting flows and care nbestaken to ensure that, where relevant,
an appropriate partitioning of accounting entradses place to avoid double counting.

This section introduces what may be possible budibelately refrains from providing
recommendations. This is done for the reasonsnautlin the introduction: differing views on
the meaningfulness of augmented accounts, conedrmst the link to official statistics, the
size of the measurement challenges, and the lackraflusion to the technical debate among
accountants as to how any augmentation shouldpiake.

A further general concern from an accounting pestpe is the extent to which the estimates
used to populate accounting frameworks are basedirectly observed data or based on
outputs from a modelling process. Generally, thidittion is a matter of degree since all
national statistics require assumptions of varkings to aggregate detailed observations. At
issue is the robustness of the assumptions anduhlkty of the modelling. This will vary
from case to case.

While there are a number of concerns at a techaiwdlinterpretative level, it is important that
work that has been undertaken to augment the s@ndsdional accounts is placed in the
correct context such that those working in thabarethose seeking to understand the work
have a basis for their deliberations.
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Work on adjusting or extending SNA income accoamd balance sheets must be considered
in the context of the objectives, concepts and oreasent challenges outlined in Chapters 1-
5 of this document. Three aspects in particulartrhashighlighted. First, adjustment requires
assessment of ecosystems in physical terms. Se@ujdstment or extension requires
valuation techniques to be used to derive estimetemonetary terms. Third, adjustment
requires aggregated measures of ecosystem seavidescosystem assets.

Balance sheets and wealth accounting

Measures of wellbeing and progress are often cersidin the context of sustaining a broad
stock of assets, capital or wealth. In broad tenwed|being is said to be sustainable if the
stock of assets is hon-declining over time. Variowslels can be found in the literature which
include economic, environmental, social, and hucepital. In some cases the different types
of assets may be aggregated in monetary terms whied together to form composite
indexes.

Broadly, there are three approaches that have deerioped to estimate the stock of assets in
monetary terms. The first is to use the generahriza sheet framework of the SNA and
extend the coverage to incorporate the value dfetfassets that are not considered economic
assets in the SNA. The approach to the valuatioecofystem assets using exchange values
as described in Chapter 5 is consistent with thjgr@ach. The second approach consists of
modelling a total value of assets (economic, emvirental and social), for example using the
net present value of future consumption, and thegoohposing this total value into various
asset types. This is the essence of the approdehre to as comprehensive wealth
accounting or genuine savingsThe third approach is to estimate shadow priceslifof the
asset types, including ecosystem assets. As ergl@nChapter 5, in theory, the shadow price
incorporates the effects of externalities that aot represented in market prices. This
approach is referred to as inclusive wealth acdngnif Both the second and third approaches
require the use of economic models but may be réifttated by each having different
assumptions concerning sustainability. As well,piractice, the asset boundaries of these
different approaches may not be fully aligned algito all of these approaches do incorporate
ecosystem assets.

A general concern regarding the extensions madbetdalance sheets is that by presenting
the values of different assets side by side it easily be interpreted as meaning that all of the
assets are substitutable. Indeed, in some casesurherlying assumption that the
sustainability of wellbeing only requires maintecarof the total value of the stock may
suggest that the mix of assets in the balance shemdt a significant consideration. The
contrasting view is that there are certain asgeijcularly environmental ones, that may be
essential and not substitutable, thus leadingegmtition of critical natural capital.

In theory, estimates of shadow prices should take account the extent to which there are
developing shortages in the availability of certairitical” resources with the shadow prices
rising significantly and the relative value of teesssets being very high.

3 See for example, World Bank (201Dhe Changing Wealth of Nations: Measuring Sustdmatevelopment
in the New Millennium
4 See for example, UNEP (201clusive Wealth Report

147



6.53

6.54

6.55

6.56

6.57

6.58

6.59

6.60

6.61

148

In practice, there are significant measurementlehgés in extending the asset boundary to
encompass a broad range of assets not includé@ IBNA and there are ongoing discussions
about the appropriate conceptual basis for makiegd extensions.

For SEEA Experimental Ecosystem Accounting the @xiiensions to the SNA balance sheet
that are considered relate to ecosystem assetedvaking the concept of exchange values.
However, while the inclusion of values of ecosystassets does extend the SNA asset
boundary, the extension is not neat and the vatfiemany ecosystem assets are already
partially reflected in the value of economic assetorded in SNA based balance sheets. The
remainder of this section describes the boundaness that should be taken into account.

It is noted that other balance sheet and wealtbusteng approaches should also consider
these issues since the value of economic assdtssthi@ed in those approaches is usually
taken directly from the SNA. Hence there is a poétrouble counting of asset values if the
conceptual overlaps described here are not addresse

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

Treatment of mineral and energy resourddsese natural resources are defined in the SEEA
Central Framework and are not considered a padcobystem assets as the benefits they
provide are not the result of ecosystem proceddesse resources will generally need to be
added to ecosystem assets to obtain a broademmnaitienvironmental assets but they may
already be included as part of economic assetgstenswith the scope outlined in the SNA.

Special consideration may be required of peat ressuvhich may be used as a form of fossil
fuel (and are a part of mineral and energy resa)ydrit which also are a widely distributed
type of soil. In particular, peat soils are a veignificant store of carbon in many different
ecosystems. Care should be taken to avoid douhlgtiog of peat soils.

Treatment of energy from renewable souré&snewable sources of energy (such as wind and
solar sources) cannot be exhausted in a mannet@kssil energy resources and neither are
they regenerated as is the case with biologicaluregs. Thus, in an accounting sense, there is
no physical stock of renewable sources of energlydan be used up or sold.

At the same time, consistent with the proposalshie SEEA Central Framework, the
economic value associated with the ongoing captfreenergy from these sources is
considered to be embedded in the produced assets toscapture the energy and the
associated land and water. The values of produssgtsaand associated land and water should
be included in measures of economic assets consigith the asset boundary of the SNA and
no additional valuation in relation to these flowsequired.

Treatment of water resources (excluding marim@¥pending on the nature of the stock of
water in a country, some deep, sub-soil water maycdnsidered not part of ecosystem
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operation and hence would lie outside the bound#ryecosystem assets. In that case
additional valuation may be required.

Treatment of marine areals both the SNA and the SEEA Central Frameworkdfoek of
water in marine areas is not valued. This is bexzdhe stock of water is too large to be
meaningful for analytical purposes. In SEEA Expenital Ecosystem Accounting the value
of marine environments is captured as part of @#igous ecosystem services they generate
and thus the volume of water is not a measurernaeget per se.

Special consideration may be required in relatmhe value of aquatic resources outside a
country’s Exclusive Economic Zone (EEZ). Followithg asset boundary of the SNA and the
SEEA Central Framework some of these resourceshmagcluded in the scope of economic
assets in circumstances where exploitation coti@sl been established and access rights are
defined through international agreements. From pleespective of SEEA Experimental
Ecosystem Accounting, no specific guidance is mtedion the precise geographic scope that
should be applied in the context of marine are&sisTcare should be taken to align the scope
of aquatic resources captured in measures of bzthomic assets and ecosystem assets. In
this regard the treatment of migrating and stramdpfish stocks may be of particular interest.

Treatment of landin some cases, the value of land as recordederSNA will provide a
useful comparison point to the value of ecosystsseis for particular ecosystems. Thus for
example, it would be envisaged that the value oicatjural land following the SNA would
provide a value including many ecosystem serviaedeast from the perspective of those
ecosystem services within the scope of the SNA yrtioin boundary. However, there are a
number of specific boundary issues that shouldopsidered:

(i) SNA land values will not capture the value of @lbgystem services. However, they
may include some effects of, for example, protectimm flooding or access to
clean water, that are beyond the coverage of vaklated to agricultural and other
production.

(i) SNA land values will incorporate, perhaps to a igent extent, the effect of the
location of the land. This location value does nefiiect a type of ecosystem service.
At the same time, the location of an ecosysterikédy to play a role in the relative
demand for certain ecosystem services (e.g. nafpamks nearer to urban areas will
attract more visitors) and hence will impact on theerall valuation of those
services. Consequently, the links between landegland values of ecosystem
assets may not be able to be neatly distinguished.

(i) Some areas of land, perhaps of high ecologicaifgignce, may not be able to be
traded (for example national parks) and hence nohybe included in the scope of
the SNA asset boundary since no observable markistseor no stream of
economic benefits can be expected. These areds acepe of the SEEA Central
Framework asset boundary in physical terms andhén context of ecosystem
assets, values should be included reflecting thger@f non-SNA benefits provided
from these areas of land.

(iv) Conceptually, urban and built up areas are a tygeasystem. Consequently, these
areas are within scope of ecosystem accountingreaydbe of interest for particular
purposes (e.g. analysis of the role of public “grspaces” in cities). It is also noted
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that urban populations use significant quantitiesomsystem services, both directly
and indirectly. While urban ecosystems may be tdrast they may not often be
considered a focus of ecosystem accounting. Heace,should be taken to ensure
that the geographic boundaries being applied inmfeasurement of ecosystem
assets ensure appropriate coverage of economiceemslystem assets in urban
areas.

Since the measurement of ecosystem assets is akelestarting from a spatial scale, ideally,
adjustments to align the measurement boundariesekat ecosystem assets and economic
assets should also be undertaken spatially. Thpariscularly the case when considering that
the value of the ecosystem does not lie in the glits components but rather in terms of how
all of the components within a given area functidhe best approach to aggregation may be
to determine the spatial scope of ecosystem asssitmate the value of economic assets in
that area, and then add on the values relevantdsystem services that are not already
captured. However, this approach may be difficaltapply in practice, especially when
attempting to allocate estimates of national weltthe institutional sector level.

Sequence of accounts

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

Compared to the SNA, the additional feature of skquence of accounts described in the
SEEA Central Framework is the incorporation of iestfor depletion in the various accounts.
This addition is described in detail in Chapterf6he SEEA Central Framework. Overall, the
sequence of accounts shows very little variatiomfthe standard SNA sequence of accounts.

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

The most significant structural choice for a seqaeof accounts for ecosystem accounting is
whether ecosystems are considered to constitigpaate quasi-institutional sector, alongside

corporations, general government, households, al&MN, or whether ecosystem assets are a
part of the broader stock of assets used by th®usiinstitutional sectors and hence no

additional, quasi-sector is needed. Annex A6.1 riless in more detail the possible models

regarding a sequence of accounts for ecosystenuaiteg.
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Adjusted income aggr egates

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

Notwithstanding the potential limitation of a focasly on environmental factors that affect
welfare, there has been much investigation intorme measures that are adjusted for what
are generically referred to here as “environmemtadts”. If these costs are limited to
adjustments to income for the costs of depletiomaitiral resources then the SEEA Central
Framework provides the appropriate accounting ferivdtion of depletion adjusted
aggregates (see SEEA Central Framework Chapter 6).

Beyond the environmental costs of depletion, theree been ambitions to derive measures
that adjust for the costs of ecosystem degradatdten these measures are referred to as
Green GDP but this single term has also been appienany concepts and approaches to
adjusted income measures and increasingly is usadlifferent context to refer to that part of
the conventionally measured economy that is comsitlenvironmentally related. Thus,
measures labelled Green GDP do not refer to a camsiagle concept.

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

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

standard SNA production boundary. From this broaideeome measure, a measure of
ecosystem degradation may be deducted to derivadigiipn adjusted aggregates.

While this basic approach is conceptually possitile,potential for alternative attributions of
ecosystem degradation to different economic unital a&he significant underlying
measurement challenges and assumptions, meanwotspecific adjusted income measure is
proposed or recommended in SEEA Experimental Eteisyéccounting.

Beyond the challenges already noted in this chapted as with all of the measures and
aggregates in monetary terms, adjusted income gatp® suffer from the difficulty that the
values of the environmental variables cannot gdiydsa made in a full, open market context.
Consequently, the valuations are, at best, estgvadtprices at partial equilibriums. Extended
modelling is possible in which attempts are madedtimate what GDP (and other income
measures) would be if alternative environmentalst@ints were in existence. So-called
greened economy modelling thus derives a measuirgcoime for an alternative view of the
economy rather than deriving an alternative meastfirmcome for the existing economy.
There are no specific conceptual accounting issudsllowing this approach but it is an
approach founded in modelling based on alternademarios and is thus outside the scope of
the SEEA.
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Annex A6.1 Possible models for a sequence of accountsfor ecosystem accounting

Following on from the brief introduction to the semce of accounts in Section 6.4, this annex
presents a summary of current thinking on possimbelels that may be used to incorporate
entries related to ecosystem services and changesobystem assets into the standard SNA
sequence of accounts.

Table A6.1 presents simplified versions of Models#d B. The example is that a farm is a
single ecosystem that provides a mix of ecosystnvices (total 110) of which 80 are used
by the farmer and 30 are the final consumption miseholds> All SNA production of the
farmer (200) is recorded as final consumption ofidaholds. For simplicity, no other
production, intermediate consumption or final canption is recorded. It is noted that in the
generation of ecosystem services there is no regpaf “inputs” from within the ecosystem.
This recording is not required for the purposesi@feloping a sequence of accounts focused
on economic units.

Table A6.1 Simplified sequence of accountsfor ecosystem accounting

Model A Model B
Farmer Household Ecosystem Total Farmer Householdtal T

Production and gener ation of income accounts
Output — SNA 200 200 200 200
Output — non-SNA 110 110 30 30
Total Output 200 110 310 230 230
Int. consumption — SNA 0 0 0 0 0
Int. consumption — non-SNA 80 0 80 0 0
Gross value added 120 110 230 230 230
Less Consumption of fixed capital (SNA) 10 10 10 10
Less Ecosystem degradation (non-SNA) 15 15 15 15
Degradation adjusted Net Value Added 110 95 205 205 205
Less Compensation of employees - SNA 50 50 50 50
Degradation adj. Net Operating Surplus | 60 95 155 155 155
Allocation and use of income accounts
Degradation adj. Net Operating Surplus 60 95 155| 551 155
Compensation of employees - SNA 50 50 50 50
Ecosystem transfers — non-SNA 80 30 -110 0 -30 30 0
Disposable income 140 80 -15 205 125 80 205
Less Final consumption - SNA 200 200 200 200

Final consumption — non-SNA 30 30 30 30
Degradation adjusted net saving 140 -150 -15 -25 125 -150 -25

> The allocation is based on the assumed composifitiie ecosystem services — thus the 80 may bsidened
inputs to agricultural production and the 30 maycbasidered regulating services, such as air tiitina used by

households.
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A.6.9

In both models, the rise in GDP only occurs intielato the final consumption of ecosystem
services that relate to non-SNA benefits. Many gstesn services will be indirectly included
in measures of final consumption when they are usecenterprises in the production of
standard SNA outputs (e.g. food, clothing, recoagti

Measures of GDP may be adjusted for both consumptib fixed capital (CFC) and
ecosystem degradation thus providing Degradatiqustatl Net Domestic Product.

Under Model A, flows of ecosystem services are m@ed in gross terms flowing from
ecosystems to relevant units as either intermediatBnal consumption. In aggregate the
output of the economy rises by the full extent @dsystem services, and GDP will rise to the
extent that some of the ecosystem services areigwtsas final consumption.

Under Model B, flows of ecosystem services are ned in net terms in that “purchases” of
ecosystem services for use in the production odlyeets by the manager of the ecosystem (in
this case considered to be the producer of theystwra services) are not shown explicitly. It
would be possible to introduce extra flows into Mb® to record all flows of ecosystem
services in gross terms. As in Model A, GDP risesthe extent of ecosystem services
consumed as final consumption.

In standard capital accounting practice, consumpaifdfixed capital, the costs associated with
the use of produced assets, are deducted fromnttene of the user of the asset. This
deduction is obvious given that there is only omenemic unit that supplies the capital
service and there is only one capital service &mheasset. However, in ecosystem accounting
the relationships between economic units and et@®gs are much more complex.
Consequently, as discussed above alternative agpgsato the allocation of ecosystem
degradation to economic units must be considered.

In Model A, the full amount of ecosystem degradatis attributed to the new ecosystem

quasi-sector. In effect this follows the standaagital accounting practice and assumes that
the ecosystem is the sole supplier of ecosystemicesrand, as a producing unit, must incur
the full impact of declines in the capital baseMadel B, the farmer is assumed to be the sole
supplier of ecosystem services (as manager of tosystem) and hence all ecosystem
degradation is attributed to the farmer.

However, neither of these assumptions provides rapteie sense of the attribution of
ecosystem degradation that may be anticipated. tardactivity based allocation it would be
necessary to determine the economic units respenfb the degradation and adjust their
income. Under a receiver based allocation condideravould turn to the users of the
ecosystem services and hence some ecosystem degradeuld be attributed to households
reflecting their direct and indirect consumptioresbsystem services.

A.6.10 It is important to recognise that in both modetsy of ecosystem services are recorded quite

distinctly from flows of ecosystem degradation.ofing for this difference enables a more
complete and consistent recording of all ecosystenvices, not only those of a particular
type, i.e. provisioning, regulating or cultural.

A.6.11 Both models contain an entry named “ecosystem feesis which is not a standard entry in

the SNA. This entry accommodates the additionatgmption of ecosystem services by each
sector and sums to zero across the economy. Teedévhe transfers is higher in Model A
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than in Model B, reflecting that in Model A all esystem services are purchased from the
ecosystem quasi-sector. The inclusion of this emieans that the balancing item net lending
recorded in the capital and financial accountsosststent with the set of actual financial
flows within the economy. Note that the recordirigeoosystem transfers is not affected by
choices for the recording of ecosystem degradation.

Model A appears straightforward to apply since ¢besystem is presented separately as an
adjunct to standard institutional units. Unfortwetat the real depth of integration between
ecosystems and economic activity means that isgladcosystems may be difficult in
practice. A particular concern is where the curimiance sheet of an economic unit contains
assets that are also part of an ecosystem (e.gettiresources). Model A requires, ideally,
that the value of all ecosystem assets be attdbtgehe new quasi-sector for ecosystems.
Additionally, Model A requires a full gross measment of ecosystem services whereas in
Model B only additional, non-SNA flows need be eutated.

A.6.13 Model B reflects a more integrated view of the tielasship between ecosystems and economic

units. The key difference is reflected by adjusttedar ecosystem degradation being made to
the income of the producer rather than the imputedme of the ecosystem. Thus ecosystem
degradation is attributed directly to a standardnemic unit. However, this model requires
the assumption that a specific institutional uniarages the ecosystem and is, therefore,
responsible for the generation of ecosystem sesvitkis assumption may be weak. It would
be possible to partition the ecosystem asset aonose than one institutional sector but this
may not be straightforward. Estimates of ecosysdegradation also need to be partitioned if
more than one institutional unit is considerededrvolved.

A.6.14 An alternative model that is somewhat of a compsamietween Models A and B, is to

incorporate an ecosystem quasi-sector where tii®rsenly has outputs that are non-SNA
ecosystem services. Such a recording requirestgigang of ecosystem assets, ecosystem
services and ecosystem degradation. This may bemgdished by first deriving the total
value of the ecosystem, and then deducting thdiegisalues of relevant economic assets
already included on the balance sheets of the atdnithstitutional sectors. The resulting
residual would be the value of the ecosystem ags@buted to the ecosystem quasi-sector.
Using relationships between ecosystem service flawd economic units attribution of
ecosystem degradation could then be made.

A.6.15 Overall, there is no straightforward choice to #teucture of a sequence of ecosystem
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accounts. Neither Models A or B (or possible vasarpresent information on all of the
relevant flows in as neat a fashion as may be aldsimwithout the need for various allocations
or assumptions. One factor to consider is the diegrof ecosystem restoration expenditure.
If information on this expenditure is to be integahinto the sequence of accounts it may be
appropriate to keep this expenditure together (thearly pertaining to a specific ecosystem)
rather than partitioning this expenditure acrosdtipla ecosystem managers through a series
of capital transfers.



Annex | : Research agenda for SEEA Experimental Ecosystem Accounting

Introduction

SEEA Experimental Ecosystem Accounting providess@at conceptual framework for ecosystem
accounting. However, notwithstanding the importatéps that have been taken, a number of
conceptual and practical issues remain to be aseleS0 advance ecosystem accounting, work is
required to research the conceptual issues thatinetm be elaborated or are the subject of disonssi

In addition, testing of the conceptual frameworkll wirovide valuable inputs in the ongoing
development of concepts, methods and classificaitimm ecosystem accounting. Considering the
multidisciplinary nature of ecosystem accountitg advancement of the research agenda as well as
the testing of SEEA Experimental Ecosystem Accagntvill require engagement across disciplines
and organizations.

The research agenda presented in this annex peodidgeneral overview of the main issues to be
addressed. The issues have been organized acctodimgad research areas. These areas reflect the
general nature of the focus of the intended workahiuissues are closely interconnected and need to
be addressed in a coordinated fashion, taking astmunt initiatives underway in countries and by
international agencies.

Areasof research

Three areas of research are proposed — each efahegxplained below.
a. Physical ecosystem accounting
b. Monetary ecosystem accounting

c. Communication and dissemination.

Physical ecosystem accounting

This area of research aims to advance understawdlitige classifications, concepts and data sources
required for the physical measurement of ecosystenvices and ecosystem condition and the
application of these measures into accounts in ipllyserms. Some of this work relates to the

research agenda for the SEEA Central Frameworlyding for example topics such as land use and
land cover classifications, accounting for soilowses and the measurement of depletion of
biological resources. A combined approach to thegies would be desirable.

This area of research encompasses work on:

* Delineating spatial units following the broad cagoiteal model outlined in SEEA
Experimental Ecosystem Accounting. This shouldahit focus on spatial units for terrestrial
areas (including rivers, lakes and other inlandewgtand extend to units for marine areas and
the atmosphere.

« Developing the classification of spatial units,particular Land Cover Ecosystem functional
Units (LCEU).
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Identifying possible geospatial sources of infolioratsuch as remote sensing data and other
“big data” sources for ecosystem accounting.

* Investigating techniques for linking data relatedetosystem measurement to geo-referenced
social and economic data. This multi-dimensional-ggferencing may be considered in the
delineation of spatial units for ecosystems.

« ldentifying the main ecosystem services and releiraticators of service flow for each type
of ecosystem (e.g. forests, agricultural land, gtcluding understanding measurement of the
supply, demand and distribution of ecosystem sesvand the associated benefits. This work
should consider the appropriateness of the propateskification of ecosystem services
(CICES) and the general measurement boundariessdisd regarding ecosystem services in
Chapter 3.

¢ Identifying the main ecosystem characteristicstf@ measurement of ecosystem condition
and relevant indicators of condition for each tyffeecosystem (e.g. forests, wetlands, etc).
This work should consider the links to spatial simiélineation.

* Considering the links between expected flows ofsgstem services and measures of
ecosystem condition and extent, including assessoieelevant models and the connections
to issues such as resilience and thresholds. Toik should also advance understanding of
ecosystem degradation in physical terms.

« Investigating different approaches to determiniefgrence conditions for the assessment of
ecosystem condition based on practical experiancetintries.

» Developing specific topics of research on meastetked to biodiversity and carbon in the
context of ecosystem accounting.

« Examining aggregation methods for both ecosystemicgs and ecosystem condition
indicators, to derive measures across and withosystems. In conjunction, methods of
downscaling and upscaling information should besgtigated.

« Examining the treatment of the so called ecosysleservices in the ecosystem accounting
such as pests and diseases.

* Considering to the assessment of data quality dred dccreditation of data sources,
particularly scientific and modeled data.

Monetary ecosystem accounting

This area of work focuses on the pricing and vadumabf ecosystem services and ecosystem assets and
the possible augmentation of the standard econaerdounts of the SNA using these valuations.
Valuation of water has been included in the reseagenda of the SEEA Central Framework and
would benefit from being discussed also in the exindf ecosystem accounting.

This area of work encompasses work on:

« Clarifying the alternative ecosystem service pgcitechniques and their relevance to
determining (i) prices for ecosystem services coteteto market goods and services; and (ii)
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prices for ecosystem services connected to nonehayods and services. The choice of
underlying assumptions for ecosystem accountingpqgees (covering both economic and
social approaches to valuation), and the geneaailfdity for implementation (including any
requirements for information in physical terms) wddbe identified.

Applying information from emerging environmental nkets, including Payments for
Ecosystem Services (PES) to the valuation of etesyservices and ecosystem assets.

Identifying ecosystem related transactions and mdiberes within the standard economic
accounts and aligning these transactions with nmmeagnt of ecosystems in physical terms.

Determining methods for the valuation of ecosyssssets, ecosystem degradation as well as
possible derivation of degradation-adjusted macanemic aggregates.

Developing the sequence of accounts by institutiseetor that incorporate flows relating to
ecosystem services and ecosystem assets. Thissioukd distinguish between flows already
within scope of the standard economic accounts etdnsions to standard measurement
boundaries. Also, the work should consider optidos the attribution of ecosystem
degradation to institutional sector and industry.

Investigating extended national balance sheetsidinal) consideration of overlaps between
the valuation of individual environmental assetpézially land) and ecosystem assets. Links
should be drawn to alternative measures of wedlttks should also be considered to the
recording of entries in the capital account andheations between flows related to ecosystem
enhancement and land improvement.

Communication and dissemination

This area of work focuses on communicating theltesif ecosystem accounting. This work should
encompass:

Developing combined presentations that show ecesysccounting information against data
from the SEEA Central Framework, the SNA and otmerces.

Proposing ecosystem accounting tables, dashbdzdd]ine and composite indicators, maps
and other communication tools.

lllustrating the range of uses of ecosystem acdognbformation including, but not limited
to the analysis of trade-offs — for example betwalégrnative land uses.
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Glossary

Introduction

This annotated glossary provides definitions, dpgons and relevant connections for the key terms
and concepts described in SEEA Experimental Ecesystccounting. In some cases it provides some
background to the choice of terms and also notesscavhere other terms are often used to describe
the same or similar concepts.

The content and style is intended to provide agdlditi understanding of the terms and concepts used.
The content is also intended to support exchangwgeen researchers since it is quite common for the
same term to be used in relation to different cptecand also, for different terms used to convey th
same concept.

The annotated glossary may also be read in comjumuetith the structured list of references which

provides an overview of the literature that hasried the foundation for the synthesis described in
SEEA Experimental Ecosystem Accounting. Additiotesims, particularly those related to accounting
principles and accounting entries, are includethénglossary of the SEEA Central Framework.

Unless otherwise stated, the paragraph refereneksvirefer to SEEA Experimental Ecosystem
Accounting.

Definitions and descriptions
Abiotic services.

Abiotic services refer to flows from the environrhéo economic and other human activity
that do not arise as a result of bio-physical pgses and other interactions within and
between ecosystems.

The main examples are flows of mineral and eneggpurces from underground deposits,
energy from the sun for the growing of crops andaasnewable source of energy, the
movement of wind and tides which can be capturegrtwvide sources of energy, and the
provision of space in areas of land and water ttediake economic and other human activity.
(3.19-3.21)

See also Ecosystem services
Basic Spatial Unit (BSU):

A basic spatial unit (BSU) is a small area. Idedli§U are formed by delineating tessellations
(small areas e.g., 1 km2), typically by overlayangrid on a map of the relevant territory; but
they may also be land parcels delineated by a ttedasusing remote sensing pixels. (2.52)

BSU are the smallest unit in the model used tonéefireas for the purposes of ecosystem
accounting. They can be aggregated to form LandeCdévEcosystem functional Units
(LCEU) and Ecosystem Accounting Units (EAU).

See also Ecosystem Accounting Units, Land Coves§gstem functional Units
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Beneficiaries:

Beneficiaries refer to individual and economic anfenterprises, households, governments
and those units in the rest of the world) who nee¢he benefits to which ecosystem services
contribute. (see 2.76, 2.98, 3.8, 3.32)

See also Benefits, Ecosystem services, Economig uni

Benefits:

Benefits reflect the goods and services that atienately used and enjoyed by people and
which contribute to individual and societal welliigp (2.19-2.21)

In SEEA Experimental Ecosystem Accounting, benedits distinguished from ecosystem
services (which contribute to the generation ofdii¢s) and from well-being (to which
benefits contribute).

In many studies, benefits and ecosystem servieedefined synonymously but this is not the
approach taken in SEEA Experimental Ecosystem Auiog. In some studies the word

“goods” is used to refer to the concept of beneddsdefined here. The term “goods” is not
used here to avoid confusion with the use of thmesterm in economic statistics where it
relates to the production, consumption and accutioul®f tangible items (e.g., as used in the
phrase “the production of goods and services”).

Two broad types of benefits are described in SEEpeEmMental Ecosystem Accounting.
SNA benefitscomprise the products (goods and services) pradbgesconomic units (e.g.

food, clothing, shelter, entertainment, etc) withie production boundary defined by the
SNA. SNA benefits include goods produced by houlslshfor their own consumption.

Non-SNA benefitsare not generated as a result of economic pramugtiocesses defined by
the SNA. Rather they comprise ecosystem serviaagdit not contribute to the production of
SNA goods and services.

See also Ecosystem services

Biocarbon:

Biocarbon refers to carbon stored in the biosphirdiving and dead biomass and soils.
(4.97)

Biodiversity:
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“Biodiversity is the variability among living orgeams from all sources including, inter alia,
terrestrial, marine and other aquatic ecosysterdstiam ecological complexes of which they
are part, this includes diversity within speciestween species and ecosystems.” (Convention
on Biological Diversity (2003), Article 2, Use okims)

Generally, in SEEA Experimental Ecosystem Accouptthe measurement of biodiversity is
focused on the assessment of diversity of spedibeugh changes in the diversity of
ecosystems is also an important output from thesorement of changes in ecosystem extent

and condition.

See also Ecosystem characteristics



Consumer surplus:

Consumer surplus is the gain obtained by consulnecause they are able to purchase a
product at a market price that is less than thbdsgprice they would be willing to pay. (5.19)

See also Exchange value, Producer surplus, Wedtameomic value
Cultural services.

Cultural services relate to the intellectual ananisglic benefits that people obtain from
ecosystems through recreation, knowledge developmelaxation, and spiritual reflection.
(3.4¢(iii))
See also Ecosystem services, Provisioning servitegg,llating services.

Degradation (see Ecosystem degradation)

Depletion:

Depletion, in physical terms, is the decrease enghantity of the stock of a natural resource
over an accounting period that is due to the etitmacf the natural resource by economic
units occurring at a level greater than that oEregation. (SEEA Central Framework, 5.76)

Depletion is defined distinctly from ecosystem detgtion in that it refers to the decrease in a
specific individual environmental asset rather tithe decline in the functioning of an
ecosystem asset as a whole. Nonetheless therékale tb be close connections between
depletion and ecosystem degradation in specifitad@aeas.

Note that depletion only relates to decreases turakresources (i.e. it does not cover
cultivated biological resources), and does notyafipland (noting that there may be depletion
of soil resources, for example through erosion).

Depletion may be estimated in monetary terms.

See also Ecosystem degradation, Environmental sasiiettural resources, SEEA Central
Framework, Section 5.4.2 and Annex A5.1.

Economic units;

An economic unit — referred to as an institutiomait in national accounting — is an economic
entity that is capable, in its own right, of owniagsets, incurring liabilities, and engaging in
economic activities and in transactions with otatities (2008 SNA 4.2).

Institutional units may be either households, @aleor social entities that are recognised
independently of the people that own or controhth&roupings of institutional units that are
similar in their purposes, objectives and behawoare defined as institutional sectors.
Following SNA, five types of institutional sectorearecognised: Households, Non-financial
corporations, Financial corporations (in the SEH#ese two are usually combined as
Corporations), General government and Non-proftiiations serving households.

An enterprise is the view of an institutional uag a producer of goods and services. An
establishment is an enterprise, or part of an priger, that is situated in a single location and
in which only a single productive activity is cadi out or in which the principal productive
activity accounts for most of the value added. Awuistry consists of a group of
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establishments engaged in the same, or similargdskiof activity. Examples include
agriculture, manufacturing, education, finance aatdil activity.

For more details see 2008 SNA Chapter 4, SEEA @keRtamework Chapter 2.

Ecosystems:

“Ecosystems are a dynamic complex of plant, aniamal micro-organism communities and
their non-living environment interacting as a fuactl unit.” (Convention on Biological
Diversity (2003), Article 2, Use of Terms)

Ecosystems may be identified at different spatedles and are commonly nested and
overlapping. Consequently, for accounting purposessystem assets are defined through the
delineation of specific and mutually exclusive sgaireas.

See also Ecosystem assets, Ecosystem Accounting, Wanhd Cover/Ecosystem functional
units.

Ecosystem Accounting Unit (EAU):

Ecosystem Accounting Units (EAU) are large, mutpabclusive, spatial areas delineated on
the basis of the purpose of accounting. Genertily will reflect a landscape perspective.
Factors considered in their delineation include iaiktrative boundaries, environmental
management areas, socio-ecological systems ané lkscgle natural features (e.g. river
basins). (2.64)

A hierarchy of EAU may be established building frartandscape scale to larger sub-national
and national boundaries. EAU at the landscape Ieagl be considered to reflect ecosystem
assets. EAU are the highest level of the spatialehased to define areas for the purposes of
ecosystem accounting.

See also Basic Spatial Units, Land Cover/Ecosyé$terttional Units, Ecosystem assets

Ecosystem assets:
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Ecosystem assets are spatial areas containing kircation of biotic and abiotic components
and other characteristics that function togethzB1(, 4.1)

Depending on the analysis being conducted, an starayasset may be defined to contain a
specific combination of ecosystem characteristcg.( a tropical rain forest represented by an
LCEU) or it may contain areas that contain a vgrief combinations of ecosystem
characteristics (e.g., a river basin containingavels, agriculture and settlements represented
by an EAU).

Ecosystem assets should be distinguished (a) framvarious individual components (e.g.

plants, animals, soil, water bodies) that are doathwithin a spatial area; and (b) from other
ecosystem characteristics (e.g., biodiversityieggie). In different contexts and discussions,
each of these components and other charactemstgde considered assets in their own right
(for example in the SEEA Central Framework manyiodial components are considered

individual environmental assets). However, for gstam accounting purposes, the focus is
on the functioning system as the asset.

The term “ecosystem assets” has been adopted rhiduer‘ecosystem capital” as the word
“assets” is more aligned with the terminology enyeld by the SNA and also conveys better



the intention for ecosystem accounting to encompasasurement in both monetary and
physical terms. In general however, the terms “gxtesn assets” and “ecosystem capital”
may be considered synonymous.

See also Ecosystems, Ecosystem Accounting Unitd l@Gover/Ecosystem functional Unit,
Ecosystem capital, Environmental assets, Naturpit@laNatural Resources

Ecosystem capacity:

The concept of ecosystem capacity is not definethfa measurement perspective in SEEA
Experimental Ecosystem Accounting but it is linkedhe general model of ecosystem assets
and ecosystem services that is described. In geteenas, the concept of ecosystem capacity
refers to the ability of a given ecosystem assejeoerate a set of ecosystem services in a
sustainable way into the future. While this genemahcept is very relevant to ecosystem
assessment, definitive measurement of ecosysteracitgprequires the selection of a
particular basket of ecosystem services and inrdgard measures of ecosystem capacity are
more likely to relate to consideration of a ranfalternative ecosystem use scenarios than to
a single basket of ecosystem services.

See also Ecosystem assets, Ecosystem serviceyskEgosondition
Ecosystem or ecological capital:

Ecosystem or ecological capital is not explicitlgfided in SEEA Experimental Ecosystem

Accounting. Instead the term “ecosystem assetsiriployed to refer to the individual spatial

areas that are the focus of measurement. In matystions, the term “ecosystem capital”
may be considered to relate to a broader concefiteottock that provides a foundation for
future well-being, together with human capital, groed/man-made capital and social capital.
These various types of capital are regularly brougiyether in models of sustainable

development and wealth accounting.

While there is no difference between the applicatid the terms “capital” and “assets” in
SEEA Experimental Ecosystem Accounting and thee irs other contexts (e.g. wealth
accounting), some care is needed to understangatieatially different measurement scopes
of these types of capital/assets. Specific conatiers concern the treatment of mineral and
energy resources and the distinction between ratndacultivated biological resources.

See also Ecosystem assets, Environmental asseétsaNzapital, Natural resources

Ecosystem characteristics:

Ecosystem characteristics relate to the ongoingatipa of the ecosystem and its location.
Key characteristics of the operation of an ecosystee its structure, composition, processes
and functions. Key characteristics of the locabban ecosystem are its extent, configuration,
landscape forms, and climate and associated sdgsatterns. Ecosystem characteristics also
relate strongly to biodiversity at a number of levéSee Section 2.1 for more details)

There is no classification of ecosystem charadiesisince, while each characteristic may be
distinct, they are commonly overlapping. In somwations the use of the generic term
“characteristics” may seem to be more usefullyaeptl with terms such as “components” or
“aspects”. However, in describing the broader cphaéd an ecosystem, the use of the term
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characteristics is intended to be able to encompHlssf the various perspectives taken to
describe an ecosystem.

See also Ecosystems, Ecosystem assets, Ecosystéitiazo
Ecosystem condition:

Ecosystem condition reflects the overall quality af ecosystem asset, in terms of its
characteristics. (2.34)

Measures of ecosystem condition are generally coedbwith measures of ecosystem extent
to provide an overall measure of the state of asystem asset. Ecosystem condition also
underpins the capacity of an ecosystem asset tergenecosystem services and hence
changes in ecosystem condition will impact on etgetecosystem service flows.

See also Ecosystem assets, Ecosystem characseristmsystem extent, Expected ecosystem
service flows.

Ecosystem conversion:

Ecosystem conversions reflect changes in the extemwbmposition of an ecosystem asset
from one ecosystem type to another that are coreidggnificant or irreversible (e.g., due to
deforestation to create agricultural land). (4.32)

Ecosystem degradation:

Ecosystem degradation is the decline in an ecasyaset over an accounting period due to
economic and other human activity. It is genersdljected in declines in ecosystem condition
and/or declines in expected ecosystem service flMesisures of ecosystem degradation will
be influenced by the scale of analysis, the charmtics of the ecosystem asset, and the
expectations regarding the use of the ecosystest asshe future. Ecosystem degradation
may be measured in physical and monetary terms.détails see 4.27-4.32)

Ecosystem enhancement:

Ecosystem enhancement is the increase and/or imnoi@vt in an ecosystem asset that is due
to economic and other human activity. (4.38)

Ecosystem extent:

Ecosystem extent refers to the size of an ecosyasset, commonly in terms of spatial area.
(2.37)

Where an ecosystem asset comprises a number of aifa different combinations of
ecosystem characteristics (i.e. the ecosystem &ssetype of EAU) then ecosystem extent
may be measured in terms of the proportion of am asf a specific combination of
characteristics to the total area of the ecosysisset. For example, the extent of wetlands
may be 30% of the area of a river basin.

See also Ecosystem asset, Ecosystem condition
Ecosystem goods and services (see Ecosystem services)
Ecosystem services:

Ecosystem services are the contributions of ecesysto benefits used in economic and other
human activity. (2.23)
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The definition of ecosystem services in SEEA Experital Ecosystem Accounting involves
distinctions between (i) the ecosystem servic@sth@ benefits to which they contribute, and
(i) the well-being which is ultimately affectedEcosystem services should also be
distinguished from the ecosystem characteristigsstfons and processes of ecosystem assets.

Ecosystem services are defined only when a conibitbuto a benefit is established.
Consequently, the definition of ecosystem serviegsludes the set of flows commonly
referred to as supporting or intermediate serviddwese flows include intra- and inter-
ecosystem flows and the role of ecosystem chaisiitsr that are together reflected in
ecosystem processes.

A range of terms is used to refer to the concepeanfsystem services defined here. Most
common are the terms “ecosystem goods and sendeces"final ecosystem services”. These
two terms highlight particular aspects of the débn above. The first recognises that
ecosystem services includes flows of tangible itdmg. timber, fish, etc) in addition to
intangible services. The second recognises that thokse ecosystem services that contribute
to a benefit — i.e. they are final outputs of tbesystem — are within scope.

Ecosystem services as defined in SEEA Experiméttabystem Accounting exclude abiotic
services and hence do not encompass the complets#f Sews from the environment. A

complete set of flows from the environment may b#ected in the term “environmental
goods and services”.

Three main types of ecosystem services are dedcrip®visioning services, regulating
services and cultural services. The Common Intemnalt Classification for Ecosystem
Services (CICES) is an interim classification foogystem services.

See also Abiotic services, Provisioning servicesgRating services, Cultural services, Intra-
& Inter-ecosystem flows.

Environmental assets:

Environmental assets are the naturally occurrimmdi and non-living components of the
Earth, together constituting the bio-physical eominent, which may provide benefits to
humanity. (SEEA Central Framework 2.17)

This definition of environmental assets is intendedbe broad and encompassing. As
explained in the SEEA Central Framework the measen¢ of environmental assets can be
considered from two perspectives. First, from teespective of individual components, i.e.,
individual environmental assets, that provide makerand space to all economic activities.
Examples include land, soil, water, timber, aquaticd mineral and energy resources.

Second, environmental assets can be considered frmmperspective of ecosystems.
However, the scope of environmental assets isheobame as ecosystem assets as it includes
mineral and energy resources which are excluded the scope of ecosystem assets.

Also, the scope of environmental assets is broddan natural resources as it includes
produced assets such as cultivated crops and glaalisding timber, orchards), livestock and
fish in aquaculture facilities.

In the SEEA Central Framework, the measurementesobpnvironmental assets is broader in
physical terms than in monetary terms as the baynidamonetary terms is limited to those
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assets that have an economic value in monetarystdottowing the market valuation
principles of the SNA.

See also Ecosystem assets, Natural resources, SERtfal Framework Chapter 5
Expected ecosystem service flow:

Expected ecosystem service flow is an aggregatesumeaf future ecosystem service flows
from an ecosystem asset for a given basket of starsyservices. (2.39)

In general terms the measure of expected ecosystence flows is an assessment of the
capacity of an ecosystem asset to generate ecosygservices in the future. However, the

focus is on the generation of a specific, expedeshbination of ecosystem services (the
given basket) which may or may not be able to lelpced on a sustainable basis. Thus the
measure is not necessarily reflective of sustamabloptimal scenarios of future ecosystem
asset use. At the same time the expectations afefutcosystem service flows must be
informed by likely changes in ecosystem conditiastimg that the relationship between

condition and ecosystem service flow is likely ®odmmplex and non-linear.

See also Ecosystem services, Ecosystem asset,sEmsyondition
Exchangevalue:

Exchange value reflects the actual outlays/revapueall quantities of a product that are
transacted. It is equal to the market price mudtgpby the quantity transacted. It assumes that
all purchasers pay (and producers receive) the gaine on average, and hence excludes
consumer surplus. Exchange values are those tldatrpin national and business accounting
frameworks as they can be estimated based on @sstansactions. (5.21)

See also Market price, Consumer surplus
Geocarbon:

Geocarbon is carbon stored in the geosphere andeatisaggregated into: oil, gas, coal
resources, rocks (primarily limestone) and minefglg. carbonate rocks used in cement
production, methane clathrates and marine sedingat97)

Final ecosystem services (see Ecosystem services)

Individual environmental assets (see Environmental assets)

Intermediate ecosystem services (see Ecosystem services, Inter- & Intra ecosy$lews)
Inter-ecosystem flows:

Inter-ecosystem flows are flows between ecosysteseta that reflect ongoing ecosystem
processes. (2.12) An example is the flows of wastween ecosystem assets via rivers.

These flows may relate directly or indirectly tovils of ecosystem services. Most commonly,
inter-ecosystem flows relate to the flows considesepporting or intermediate services.

See also Ecosystem services, Intra-ecosystem flows.
Intra-ecosystem flows:

Intra-ecosystem flows are flows within ecosystersess that reflect ongoing ecosystem
processes. (2.12) An example is nutrient cycling.
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These flows may relate directly or indirectly tovils of ecosystem services. Most commonly,
intra-ecosystem flows relate to the flows considesgpporting or intermediate services.

See also Ecosystem services, Inter-ecosystem flows.

Land cover:

Land cover refers to the observed physical andogiohl cover of the Earth’s surface and
includes natural vegetation, abiotic (non-living)rfaces and inland water bodies such as
rivers, lakes and reservoirs. (SEEA Central Franmeym257)

Land cover / ecosystem functional Unit (L CEU):

A Land Cover/Ecosystem functional Unit (LCEU) isfided, in most terrestrial areas, by
areas satisfying a pre-determined set of factdesimg to the characteristics of an ecosystem.
Examples of factors include land cover type, wegspurces, and soil type. (2.56)

LCEU may be considered to represent ecosystemsaaset LCEU may often reflect the

common conception of ecosystems (e.g. forests,amndsl deserts, etc). Generally, LCEU
represent the middle level of the model that isduse define areas for the purposes of
ecosystem accounting. Thus, an Ecosystem Accounting (reflecting a landscape

perspective) will generally have a number of défarLCEU types.

See also Basic Spatial Units, Ecosystem Accoundimigs, Ecosystem assets

Market prices:

Market prices are the amounts of money that willigers pay to acquire goods, services or
assets from willing sellers. (2008 SNA 3.119)

For details see SEEA Central Framework Sectiora@drthe 2008 SNA Chapter 6.
See also Exchange values
Natural capital:

The term natural capital is not defined in SEEA &mwmental Ecosystem Accounting.
Commonly, natural capital is used to refer to gllels of environmental assets as defined in
the SEEA Central Framework. Used in this way nataoegital has a broader scope than
ecosystem assets as defined in SEEA Experimentay&tem Accounting since it includes
mineral and energy resources.

Generally, natural capital incorporates broad mstiof the set of services from ecosystems in
line with the accounting for ecosystem assets destrin SEEA Experimental Ecosystem
Accounting. In this regard, although aligned in-physical terms, natural capital may be
considered a broader measure than the measuresicdrenental assets that are described in
the SEEA Central Framework which are limited tosidaration of material/SNA benefits.

It is noted that while natural capital would uswaticorporate all ecosystem assets there is
ample evidence to indicate that very few, if argo®y/stems are uninfluenced by humans and
hence there are few ecosystem assets that migionsedered purely “natural”.

See Benefits, Ecosystem capital, Ecosystem agseispnmental assets, Natural resources
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Natural resour ces:

Natural resources include all natural biologicatowrces (including timber and aquatic
resources), mineral and energy resources, soilress, and water resources. (SEEA Central
Framework, 5.18)

In the SEEA, unlike the SNA, natural resources @delland which is considered a distinct
type of environmental asset. (See SEEA Central Evaork 5.19-5.23.)

Following the SNA, natural resources are definethan SEEA to include only non-produced
environmental assets, i.e., they are not considerdtve come into existence as outputs of
processes that fall within the production boundaiythe SNA. A distinction is thus made
between “natural” and “cultivated” environmentatets.

See also Environmental assets, Ecosystem asseisaNzapital

Non-SNA benefits (see Benefits)

Paymentsfor ecosystem services (PES):

Payments for ecosystem services are generally atkfias voluntary and conditional
transactions over well-defined ecosystem serviedsden at least one supplier and one user.
(6.18)

Producer surplus:

Producer surplus is the amount that producers hemgfselling at a market price that is
higher than the least that they would be willingsell for, which is a function of their
production costs.

See also Consumer surplus

Provisioning services.

Provisioning services reflect contributions to Hemefits produced by or in the ecosystem, for
example a fish, or a plant with pharmaceutical props. The associated benefits may be
provided in agricultural systems, as well as witlsemi-natural and natural ecosystems.

(3.4(1))

See also Ecosystem services, Regulating servicdir@l services

Recreational services (see Cultural services)

Regulating services:
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Regulating services result from the capacity ofsgstems to regulate climate, hydrological
and bio-chemical cycles, earth surface processed, aavariety of biological processes.

(3.4(ii))
Regulating services are also commonly referredstéregulation and maintenance services”.

In the context of the definition of ecosystem seesi used in SEEA Experimental Ecosystem
Accounting these two terms are synonymous.

See also Ecosystem services, Provisioning serviidgjral services



SNA benefits (see Benefits)
Species abundance:

Species abundance is a measure of the absoluteenwhla particular species in an area.
(4.122)

Speciesrichness:

Species richness is a measure of the number efdift species in an area. (4.122)
Supporting services (see Ecosystem services, Intra- & Inter-ecosy$kews)
Welfare economic value;

Welfare economic values reflect the total (or grossonomic gain associated with the
guantities of a product that are transacted. Tmeyude both the consumer and producer
surplus and are different from exchange valuebecektent of consumer surplus.

Welfare economic values may also reflect the nememic gain, which is equivalently
derived as either the total economic gain lesscdsts of production, or as consumer surplus
plus producer surplus.

See also Exchange value, Consumer surplus, Proguqeus
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References

The listing of references that follows has beencstired according to broad topic within the general
subject of ecosystem accounting. It is intended tihia approach aids those aiming to develop their
understanding of ecosystem accounting through retiog of the different streams of research and
literature that are relevant to the subject. Brpatle topics that have been used to structure the
references align with the chapter structure of thain text of SEEA Experimental Ecosystem
Accounting.

The coverage of references is not limited to thbhaehave been of direct use in informing the dngft

of SEEA Experimental Ecosystem Accounting. Ratties,intent has been to provide a broad base of
resources recognising the various contributionsnany researchers in the different topic areas. In
particular, it is noted that although ecosystemoanting as described here is a relatively recent
development, its description builds on many loragzding pieces of research in a number of different
fields. While broad in coverage, the list of refazes is not intended to be exhaustive and resaarche
are encouraged to seek complementary materialseirc@aurse of developing and testing ecosystem
accounting.

The topics covered are:

Measurement, classification and analysis of ecegsyservices
Analysing ecosystem assets and ecosystem dynaimigky(sical terms)
Accounting for carbon

Measurement of biodiversity

Valuation of ecosystem assets and ecosystem sgrvice

- ® o o0 T @

Ecosystem and wealth accounting
National and broad scale ecosystem accountingedatéd initiatives
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