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Status of Chapter 2

Chapter 2 is an important chapter that sets theesioe the basic relationships between the partseof
ecosystem accounting framework. Although ongoirsgutision will continue to refine the model and
the description of it, on the whole there is a cle@nvergence that is emerging. As for other pafrts
the SEEA Experimental Ecosystem Accounts, it williecessary to test the framework with a wider
range of stakeholders.

While the general model is developing well, thesmain some particular areas in which further work
is required. These areas concern the descriptioeca$ystems from an ecological perspective, the
treatment of marine ecosystems and the atmospheiteei context of ecosystem accounts, and the
appropriate classifications for the statisticattsinnodel for ecosystems that has been developed.
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Characteristics of ecosystems

Ecosystems are a dynamic complex of biotic comnesinteracting with their non-living
environment. They change both as a function of maatprocesses (e.g. succession, natural
disturbances such as a storm) and because of hactéons (either through deliberate
management or through human disturbances sucheastraction of natural resources or the

introduction of invasive exotic species).

Traditionally, ecosystems were associated with nwréess ‘natural’ systems, i.e. systems
with only a limited degree of human interferencewdver a wider interpretation has become
more common, based on the recognition that humtvitgdnfluences ecosystems across the
world. Thus, agricultural land is also consideradba&ing an ecosystem providing different
types of benefits (e.g. crop production, carbonusstfation, supporting tourism and

recreation).

In ecosystems, different degrees of human manageargh control can be observed. For
instance, in a natural forest or a polar landscapelogical processes dominate the dynamics
of the ecosystem. At the other end of the spectmma,greenhouse or in intensive aquaculture

ponds, ecological processes have become domingtedrban management.

Key aspects of the operation of an ecosystem haits @tructure (e.g. the food web within the
ecosystem), (ii) its composition, including bioffitora and fauna) and abiotic (soil, water)
components, and (iii) its processes (e.g. photbggié or the recycling of nutrients in an
ecosystem). Another structural feature of ecosystetated to its composition, is the species

and genetic diversity contained in the ecosystem.

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, ecosystem are interconnected and sSorestoverlapping, and they are subject to

ecological and environmental process that openrate \@arying time scales.

For the purposes of developing an ecosystem adoguapproach in the SEEA, a somewhat
narrower definition of ecosystems is applied sutdt there is a linking of ecosystems to
spatial areas and a more specific recognition efkby aspects of ecosystem functioning.
Thus, in the SEEA, ecosystems are areas contagnilypamic complex of biotic communities
(for example plants, animals and micro-organismejl d@heir non-living environment

interacting as a functional unit through a comboraiof ecosystem structures, composition,

and processes.

It is now widely recognised that ecosystems argestiho complex dynamics including such

aspects as irreversible responses to stress antiblmudteady states. The propensity of
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ecosystems to withstand change, or to recoverdio ihitial condition following disturbance

is called ecosystem resilience. The resiliencenoéeosystem is not a fixed, given property,
but may change over time, for example, due to dkgian. These complex dynamics make
the behaviour of ecosystems as a function of manageand natural disturbances difficult to

predict.

In this context, ecosystem accounting can only idea specific representation of ecosystems
and cannot provide a complete model of internalsgstem flows and broader ecosystem
interactions. All of the accounting structures preed in the SEEA Experimental Ecosystem

Accounts are thus necessarily an abstraction fromcalogical reality.

Key conceptual relationshipsin ecosystem accounting

In common with all accounting systems, ecosystepowating is founded on relationships
between stocks and flows. The stock in ecosysterousting is represented hegosystem
capital. The flows are of two types. First, there are #8othat reflect that society takes
advantage of a multitude of resources and procetbsdsare supplied by ecosystems —
collectively these are known asosystem services. Second, flows are recorded to account for
changes in ecosystem capital over an accountingdeither due tmatural processes or due

to human intervention (both positive and negatimghe ecosystem.

The description of the relationships presented heréormed from consideration of the
ecosystem and its relationship to the economy in-monetary or physical terms. The
detailed discussion of measurement in physicalgésmpresented in Chapters 3 and 4. The set
of relationships can also be measured in monetimg without changing the underlying
logic of the relationships between ecosystem chmtasystem services and benefits. At the
same time, the measurement and accounting issuelvéd in compiling data in monetary
terms are somewhat different from those involved nieasurement in physical terms.
Approaches to the valuation of ecosystem servieesmsidered in Chapter 5 and accounting

structures related to estimates in monetary temmsliacussed in Chapter 6.
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Ecosystem services are at the hub of the ecosyatemunting model. Flows of ecosystem
services provide the link between ecosystem capitdahe one hand, and the benefits received
by society on the other. Hence they are at thersatdion of the relationship between

ecosystems and society which is the focus of etesyaccounting.

A range of definitions for ecosystem services hdgeeloped and used in various contexts
from site specific case studies to large natiomal global assessments of ecosystems. Often
the basic concept of ecosystems supplying resowmggrocesses that are of use to society
can be lost in different interpretation of termst the same time, the formulation of a

definition of ecosystem services is an essentgedient for measurement purposes.

The starting point in defining ecosystem serviagstlie purposes of ecosystem accounting is
the understanding that people benefit (i) from thaterials that can be harvested from an
ecosystem (such as the harvesting of timber framsts); (ii) from natural processes (such as
the benefits from clean air that has been filteredhe environment); and (iii) from their
interaction with nature (such as benefits from eatipn). Together these various types of
benefits contribute to overall human well-being amelfare, noting that benefits and well-
being are not synonymous. The different types oielits may be ones that emerge from the
economic activity of enterprises, governments amadiskholds (including, for example,

subsistence farming), or they may be directly eejolyy individuals and society as a whole.

Importantly, not all of the resources and proceskas occur in an ecosystem give rise to
benefits. Thus, for accounting purposes, there muandary that must be recognised that
reflects the connection between the full arrayesurces and processes of the ecosystem and
the benefits that are obtained. This boundary fineé by the concept of final ecosystem
services — i.e. the sub-set of resources and @esesf an ecosystem that contribute to
benefits received by society. The remaining resesiand processes are considered to supply
“intermediate” or “supporting” ecosystem servicesthim the ecosystem or between

ecosystems.

The basic structure for ecosystem accounting isetbee a staged process whereby (i) an
ecosystem has a mix of resources and procesgesprtie of these resource and processes are
supplied to society (final ecosystem servicesi); tfiese final ecosystem services contribute to
benefits used or enjoyed by society, and (iv) taedfits are used in the satisfaction of well-
being. Thus, within this structueeosystem services are the contributions of ecosystems to

benefits used or enjoyed by society.



Figure 2.1 The core ecosystem accounting structure
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2.16 Figure 2.1 reflects this staged structure that tpide the ecosystem accounts. Several aspects
of the figure must be highlighted. First, in thentext of ecosystem accounting, society
comprises households, individuals, enterprises gowrnments. This scope recognises that
the beneficiaries in ecosystem accounting compalbg@eople and social structures within

society.

2.17 Second, some benefits arise only as a result alystmn processes undertaken by enterprises,
households or government. The harvesting of natwsburces is the most straightforward
example. In these situations, the benefits arepnogly a function of ecosystem services. In
addition, a range of inputs — such as labour, preduassets and intermediate consumption
(e.g. fuel) — are also used. These inputs musakentinto account in determining the flow of

ecosystem services.

2.18 Third, some benefits arise that are not the direstlt of production processes. Since for an
ecosystem service to be recorded there must bditiaries (i.e. people), in these situations,
the extent of recording of an ecosystem servickbeildependent on the number and location
of people in relation to an ecosystem. GeneralBakmg, increases in the number of people

will increase the flow of ecosystem services amdrihated flow of benefits.
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Fourth, in the vast majority of situations, peopliervene in ecosystems and affect the flow of
ecosystem services. This may involve deliberateast such as laying down access roads,
shaping the land to control water flows, or limifiaccess to certain areas. In other cases the
flow of ecosystem services may be affected by #@ieine of economic activity, such as via
deforestation or pollution. In ecosystem accountthgse interventions and effects are

recorded as changes (both positive and negative)dsystem capital.

A fundamental aspect of ecosystem accounting isgrdtion that a single ecosystem will
generate a range of ecosystem services thus aatmigbto the generation of a number of
benefits. In some cases the benefits may be prddircéandem”, such as when forest areas
are preserved and provide benefits in terms ofncleaand opportunities for recreation and
hiking. In other cases the benefits may be in cditipe, such as when forest areas are logged
thus providing benefits of timber but losing betseff recreation. The ability to examine

these trade-offs is an important part of ecosysiecounting.

A classification of ecosystem services has develapeecent years and three main types of
ecosystem services are recognised namely, prouigjoservices, regulating services and
cultural services. The Common International Clasatfon of Ecosystem Services (CICES) is
presented in Chapter 3. It provides additionalitetathe types of services that comprise the

measurement scope.

Excluded from the scope of ecosystem services aaléed “intermediate” or “supporting”
services. It is recognised that there are manygas®s that take place within ecosystems and
often the observed contribution of an ecosystepnig the final link in a chain of integrated
steps. In order to avoid overstating the contridjutof ecosystems, only the final link is
included in ecosystem services as defined in theASHhis choice also accepts that a full

articulation of all ecosystem processes is curyamit possible.

At the same time, it is important that all of thewis associated with intermediate services are
recorded within the accounting framework. This @me as part of accounting for changes in

ecosystem capital between the beginning and etiteaiccounting period.

Benefits in ecosystem accounting

The benefits received by society may be charaettiiis a number of ways. First, they may be
considered as either individual or collective bésefollowing standard economic principles,

collective benefits (commonly referred to as “palgbods”} are those benefits which exhibit

! The term “collective” is used to distinguish tlype of benefits from the economic units that anemmnly
responsible for their delivery. The term public deanay be interpreted as all services provideddweigments

9
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non-excludability (i.e. it is not possible to depgople the benefits), and non-rivalry (i.e. one
person’s enjoyment of a benefit does not dimintsh availability of the benefit to others).

Clean air is a typical example of a collective Higne

Second, some benefits emerge from production psesesithin the scope of the production
boundary defined by the System of National Accodingt underlies the measurement of key
economic aggregates such as Gross Domestic Productonvention these benefits are
referred to as material benefits. Those benefitd Hrise outside production processes as
defined in the SNA are referred to as non-matdsalefits. For non-material benefits, the
benefit received by society is, in measurement geraguivalent to the flow of ecosystem
service. The distinction between material and natemial benefits is drawn to aid in the
description of the relationship between the ecesysiccounts and the accounts of the SNA.

The scope of benefits in the SEEA does not extentheé broader notion of wellbeing or
outcomes that may arise as a result of consumptimh use of the benefits (for example,
healthy diets or improved quality of life). Whileese outcomes may indeed be of interest,

their measurement is outside the scope of ecosyateounting.

Ecosystem capital

2.27

2.28

Ecosystem capital is the capacity for ecosystems to generate ecosystem services. The

measurement of ecosystem capital is undertakerinagtih asset accounting framework that
records the capacity at the beginning of an acdogirgeriod (opening stock of ecosystem
capital), the capacity at the end of the accounpiegod (closing stock of ecosystem capital)
and the changes between those points in time. Té¢essunement of ecosystem capital is not
direct however and must consider both changeseirextent or quantity of the ecosystem (for
example in terms of the area of a particular edesys and changes in the condition or

quality of an ecosystem. Ecosystem capital is ghfusiction of both extent and condition.

The capacity of an ecosystem to generate ecosysgrites must be based on the current set
of ecosystem services being generated by an eeosyand on expectations regarding how
that set of services may continue to be providegtrgicurrent infrastructure, patterns of

consumption and production, and social contextee @&ksessment of expected ecosystem
service flows must take into account the ability efosystem processes to continue
effectively, for example in terms of the ability tkes to regenerate and for soils to retain

their productivity.

but, in fact, many of these services are individoalature (such as health and education). Thiisaa ¢
distinction must be made between collective besefiid the non-marketed output of governments.

10
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Measurement focus should not be placed on the fsecasystem services that might be
generated if alternative technologies, economiargements and social contexts existed.
Using an accounting framework, such scenario lngldind assessment can be undertaken but

it is not strictly accounting as described in tiEES.

As an example of the measurement of ecosystem itgpte capacity of a forest available
for felling would need to take into consideratidre tability for the forest to continue to
produce timber for felling in balance with all othecosystem services. In this situation, for
the forest as a whole, felling in excess of natgrawth of timber would imply a loss in
capacity’ At the same time, the capacity of a forest predrom felling that is able to
provide other ecosystem services (such as aiatiittn and recreational services) should not be
assessed in relation to the potential for the timibethe forest to be felled if there is no

reasonable expectation that this will happen.

Changes in ecosystem capital are due to eitheralgitocesses or human intervention in the
ecosystem. Natural processes cover a wide randiewes$ reflecting the dynamic nature of
ecosystems and the wider environment. Both shart td long term natural processes are
included as part of these flows. Also included @ranges considered to be regular and those

that may be considered more extreme and infreqganh as changes caused by earthquakes).

Human intervention in ecosystems may take a vaoétiprms. Most commonly considered

are situations in which economic units alter thesgstem in order to extract resources (such
as timber, fish and water), or to shape the larmsta provide a basis for economic activity
(such as settlement, agriculture or recreationnéking these interventions, economic units

will use inputs such as labour, produced assetotrat intermediate inputs.

Human intervention may lead to an ecosystem tyaaging completely (e.g. from forest to

agricultural land as a result of deforestation).e§éh changes should be recorded as
reclassifications between ecosystem types. Foruatopor region as a whole such changes
should be accounted for in changes in the measiithe extent of different ecosystem types

since the total area is likely to be relatively hiacged.

Human intervention may also be targeted to theorasbn of ecosystems. This may be
through the direct investment of economic inputsnoore indirectly, by restricting the use of

certain areas and allowing natural processes tdldethe local environment.

% Indeed, depending on the nature of the fellingfica even felling equal to natural growth may isnalchange
in capacity depending on the impacts on the defieéiother ecosystem services. It is also notedttieae may

be longer term impacts on ecosystem functioninmfomgoing felling even if, using simple indicatattse rates
of felling and natural growth are balanced.

11
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Generally, much focus in the measurement of chamgesosystem capital is on whether an
ecosystem has degraded over an accounting periodcdsystem accounting the general
concept of degradation is measured in termsoosumption of ecosystem capital (CEC).
Consumption of ecosystem capital is the reduction in the capacity of an ecosystem to
provide ecosystem services that is due to human activity. It may be due to a loss of the extent

of an ecosystem, or due to a loss of conditiosoone combination of the two.

Since ecosystems may, in many situations, rest@mgelves if given the opportunity, it may
be considered that consumption of ecosystem cagitalld only be recorded when the
capacity of an ecosystem has reached a pointefarsibility. However, from an accounting
perspective, it is relevant to record reductiongapacity on an ongoing basis and thereby
provide information that can be assessed in relatio thresholds. Thus all reductions in
capacity due to human activity over an accountiegaga are treated as consumption of

ecosystem capital irrespective of whether the esteay may, potentially, restore itself.

Further, it is noted that the relevant human abigineed not only relate to the accessing of
ecosystem services. Human activity in ecosystemg take many forms including the
development of mining operations, the expansiomaising developments, the building of
roads, etc., and these will generally reduce tipacéy of an ecosystem to generate ecosystem
services — or, indeed, completely change the etmsystself. Effects may be also be
conceptualised in terms of human “inactivity” thghua lack of maintenance and protection of
ecosystems. Finally, it is also possible for thgats to arise from human activity in other
countries or regions. All of these human impactsusith be considered as forming a basis for

the estimation of consumption of ecosystem capital.

Consumption of ecosystem capital differs from ddgt®n as commonly understood by not
including all possible changes in the capacity ofegosystem over an accounting period.
Thus, changes due to natural processes, for exathpléoss of timber resources due to
naturally occurring bushfires, is not included ireasures of consumption of ecosystem
capital. By defining consumption of ecosystem capiit this way a direct comparison can be
made to measures of consumption of fixed capitaimfoonly referred to as deprecation)
which is defined as the fall in value of producedets due to ongoing use of the assets in

production.

Significantly, the existence of a flow of ecosystsmrvices does not imply consumption of
ecosystem capital. It is quite possible for ecasysservices to be generated with no capital
consumption occurring (e.g. air filtration servickem a protected forest). Further, it is

possible for the consumption of ecosystem capitaddcur even while a constant stream of
ecosystem services is being recorded. Thus, isserdial in ecosystem accounting that the

12
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measurement of ecosystem services flows is cledidtinguished from measurement of
changes in ecosystem capital. This is achievedugiirahe development of separate accounts
for ecosystem services and ecosystem capital.

Statistical unitsfor ecosystem accounting

In order to undertake measurement of ecosysterascmordinated way and to subsequently
compare and analyse information across time anddegt ecosystems, there must be a clear
focus for measurement. Boundaries between ecosysteengenerally drawn on the basis of
relative homogeneity, in terms of composition, gsses and/or structure, and in terms of
having stronger internal functional relations tlexiternal ones. However, these boundaries are
often gradual and diffuse and the specific boundatyveen two ecosystems may be difficult
to establish. Further, ecosystems may be very somallery large and operate at different

spatial scales.

Following standard statistical practice, statistizaits are defined for ecosystem accounting.
These statistical units represent the focus for sumegment and for the organisation of
information. Ideally, statistical units should bekgically and economically relevant, policy
relevant, meaningful from a statistical perspecti@ed, finally, relatively commonly
understood. In order to meet these various objestthe approach taken in the SEEA is to
describe different types of statistical units ttegtether form a units model that can be used for
different purposes, including compilation, repagtand analysis.

Satistical units modd in the SEEA

The conceptual basis for the statistical units rhodthe SEEA starts with basic spatial unit
(BSU) which is formed by partitioning the area pferest (for example a region or country)
on a spatial basis. This can be done by delineadisgpllations, most typically by overlaying a
grid on a map of the relevant territory. Ideall trid squares - each one being a BSU — are
as small as possible with the scale being chossedban available information and the degree
of diversity in the landscape. Alternative unitsdats that are not spatially based may also be

developed for specific purposes.

Each BSU should be attributed with a basic setn@drination. The most common starting
point for this attribution process will be inforn@t on the location of the unit and land cover.
This basic information is then extended with infation relevant to the purpose of the

account being compiled. For example, relevant m#gion may include soil type,

13
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groundwater resources, elevation and topographyaté and rainfall, biodiversity, the
degree of connection to related areas, currentuaed, location relative to human settlement,
and the degree of accessibility to the area bylpeop

This range of information recognises that whilehe&SU is a mutually exclusive area, it
exists within a number of systems that operateaaying spatial scales. In particular, it is
recognised that measuring the provision of differecosystem services requires assessing
factors outside of a given BSU but then attributiaghe BSU the results of that assessment.
For example, the relative position or connectivfythe BSU within its broader landscape

may be useful information.

Using the information attributed to the BSUs, tlextnlevel of statistical unit, referred to as
the ecosystem accounting unit (EAU) may be delineated. For most terrestrial suga EAU is
defined as the set of contiguous BSUs satisfyipgeadetermined set of factors, for example
the BSUs of a particular land cover type or thoskevant to the delivery of a specific
ecosystem service. Following standard approachsttistical classification, BSUs would be

classified to particular EAUs on the basis of agweninance of characteristics.

In practice, the most basic way to apply this cptua model is by splitting the area (i.e. the

region or country) into generic types of land covand use, habitat or biomes. An example of
a generic set of types of EAU that might be usedttics purpose are the land cover types
shown in Table 2.1 or the types of biomes that hbegen used in the Convention on

Biological Diversity. If more information is avablée or more detailed accounts are required it
is possible to apply the units model in a moreitetdashion.

When compiling an account for an entire countryadministrative region each underlying
BSU should only be classified to one EAU. HoweVemore specific topics were of interest
(for example, accounting for particular ecosystesvises) it would be possible to define
EAU using different combinations of BSUs perhaplerng into account different types of

information.

The size of the EAUs may vary substantially depegdin the relative homogeneity of the
landscape, the size of the region or country, atiterorelated factors. Some degree of
smoothing may be required to restrict the numbdtAids to a workable number. It should be
recognised that where only a limited amount of rinfation is available to delineate EAUs
there will remain a lack of homogeneity within agle type of EAU for a country in terms of
soil type, rainfall, elevation, hydrology, etc. $hextensive spatial variability has a particular
impact on the supply of ecosystem services. In tanhdi flows such as consumption of

ecosystem capital will vary spatially. As far assgible this spatial variation needs to be

14



accounted for and the link between ecosystem daguiththe delivery of ecosystem services

needs to be clearly articulated.

Table2.1 Land Cover Types (SEEA Central Framework, Chapter 5.6)

Category

Artificial surfaces (including urban and assodibseeas)

Herbaceous crops

Woody crops

Multiple or layered crops

Grassland

Tree covered areas

Mangroves

Shrub covered areas

Shrubs and/or herbaceous vegetation, aquatigyatary flooded

Sparsely natural vegetated areas

Terrestrial barren land

Permanent snow and glaciers

Inland water bodies

Coastal water bodies and inter-tidal areas

2.49
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To this end, the development of statistical uniteudd be undertaken in concert with the

development of spatial databases in Geographicrivdton Systems (GIS). These databases
should contain ecological information such as $gfle and status, water tables, rainfall

amount and pattern, temperatures, vegetation, \mglty, slopes, altitude, etc., as well as,

potentially, information on land management and, p&pulation, and social and economic

variables. Combined, this information may be usedssess flows of ecosystem services from
given spatial areas.

The EAU may be aggregated into larger statistioétsias required for analytical or reporting
purposes. However, the EAU is the central ecosysé&eounting statistical unit as it

represents the spatial area for which all releird@otmation should be integrated. Thus, where
possible, information that may be available at biglevels of spatial aggregation should be
downscaled to the EAU level and information avdéaht finer spatial scales should be

aggregated.

There is a range of different types of larger stital units to which EAUs may be classified
but there is no single classification of thesedangnits. The choice of classification depends

on the information that is available in countrigsl ahe policy and analytical questions of

15
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interest. Examples of larger statistical units uid@ river basin and catchment areas, areas

based on soil types, and areas that define sociogical system3.

This approach to defining statistical units for &giem accounting is consistent with an
approach in which ecosystems are defined in relatiospatial areas but in turn recognises
that different ecosystems operate at differentigpstales.

Further consideration is needed to define EAUstdilad into account rivers, coastal areas and
marine environments. Nonetheless, this concepta#is u.model can be applied in these

instances.

In practice, when applying this conceptual unitsdeiofor policy and reporting purposes,
there may be a direct interest in understandingrinétion about ecosystems at the level of an
administrative region — which in many cases mayaootform neatly to a set of EAU defined
from an ecosystem perspective. Therefore an approaght be used where the relevant
spatial area for statistical purposes is definegdiitically established boundaries or, perhaps
land management boundaries. While landscape featum@y well have been taken into
account in setting these boundaries, other factgsalso likely to have come into play. It is
noted, for example, that administrative boundaniey commonly be defined by large rivers
and waterways thus creating a boundary that maybeomeaningful from an ecosystem

perspective.

Having defined a spatial area for policy and rapgrpurposes in this fashion, it is likely that
it will contain a range of areas that have différgmaracteristics in terms of ecosystem capital
and ecosystem services. At this point, it may lefuldo split the area using EAU constructed
with a generic set of “ecosystems”, for exampleggshe types of biomes that have been used
in the Convention on Biological Diversity and iretlsontext of the Millennium Ecosystem

Assessment.

Relationship to economic classifications

The cross-classification of EAU information withomomic units is central to assessment of
the relationship between ecosystem services, e@psysapital and economic activity. The
application of ecosystem related information to dfioes of land management and

consumption of ecosystem capital requires sucls liankbe made.

3 “Socio-ecological systems integrate ecosystemtfons and dynamics as well as human activitiesthad
interactions of all these.” From “An Experimentaifmework for Ecosystem Capital Accounting in Eufppe
European Environment Agency Technical Report No 13/2011, EEA 2011, page 12.
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Ideally, the linking of EAU to economic units woulde undertaken in the process of
attributing BSUs with basic information on, for exale, land use or ownership (cadastres). If
this detailed linking is not possible then broadssumptions may be used for example by

linking information on land cover and land use WS,

It is noted that the beneficiaries of the ecosystemices may be the land user or owner, or, it
may be people living nearby (as in the case ofilaiation) or society at large (as in the case
of carbon sequestration). Further, in specific saiee beneficiaries can 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 protgatsihydrological services.

Additional information

An annex to SEEA Experimental Ecosystem Accountviges a summary of relevant
methods and other measurement considerations &sthblishment of statistical units.

General measurement issuesin ecosystem accounting

This section introduces some of the general measmnt issues that may arise in the
compilation of ecosystem accounts. They are prigngnactical issues but are important
considerations in setting up a framework for ectsysaccounting following the general

model outlined in this chapter.

The measurement issues discussed in this chapteero (i) the integration of information
across different spatial scales, (ii) the lengththed accounting period, and (iii) the use of

reference conditions.

The integration of information across different spatial scales

The objective of ecosystem accounting in the SEE#e development of information sets for
the analysis of ecosystems at a level suitable thar development of public policy.
Consequently, consideration must be given to citigand collating information pertaining
to a range of ecosystems across a region or colratpwing standard statistical practice, the
central element in the integration of informatienthe establishment of statistical units. The
statistical units model for ecosystem accountindgpadic spatial units (BSU) and ecosystem

accounting units (EAU) should provide a comprehensoverage of areas within a country.
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The information used to characterise statisticéisyprovides important data that can be used
to aggregate and disaggregate across statistiital &or example, BSUs may be attributed
with standard variables such as area, rainfall,eedation, in addition to being classified to a
particular land cover type. Consequently, differgatistical units of the same land cover type
may be constructed, compared and differentiatedutiiv consideration of these types of
variables. For example, high rainfall and low ralhforest may be compared. Alternatively,

the area of EAUs may be used for aggregation pesjosuch as accounting for large

contiguous areas of grassland compared to fragoh@ntisolated areas.

This approach is analogous to the definition oftistiaal units for economic statistics.
Economic units are commonly characterised by thmbar of people employed in addition to
being classified to a particular industry. Thusewlaggregating across economic units it is
possible to take into account not only the typadiivity but also whether the unit is relatively

large or small.

Ideally, it should be possible to produce a registe EAUs for each accounting purpose
containing standard information about these uritdis may be possible from the use of
remote sensing information, administrative datalamd management or from land based

surveys of land cover and land use.

Where data gaps exist in terms of ecological, lard and socio-economic data, there is
potential to use these “unit registers” to desigmpgle surveys for ecosystem accounting
purposes in which the samples take into accountdifierent characteristics. In statistical
terms, different groupings (or strata) of EAUs ebbé designed and the characteristics would
also form the basis for aggregations. For exangraps of EAU related to the water cycle

could be constructed with information about catchteefloodplains, wetlands and rivers.

The application of such standard statistical apgrea to the integration of information is
likely to abstract from the specific realities withindividual ecosystems. However, in
principle, this is no different from the abstracsothat take place within the compilation of

national level household and business statisticgyusampling approaches.

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

cover type.
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2.69 The SEEA recommends that a rigorous descriptiorstafistical units following standard
statistical practice be undertaken before an agdi@y of information to regional or national
levels takes place.

2.70 In many situations it may be necessary to attrimatéonal or regional level information to
particular statistical units. This process is gatigreferred to as “downscaling”. Again, the
effectiveness of downscaling techniques will be siderably enhanced through the
development of a comprehensive set of informationddferent statistical units across a

region or country.

Length of the accounting period

2.71 In economic statistics there are clear standardseraing the time at which transactions and
other flows should be recorded and the length & #ccounting 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.

2.72 While one year may suit analysis of economic trermaalysis of trends in ecosystems may
require information of varying lengths of time degdang on the processes being considered.
Even in situations where ecological processes camatmlysed on an annual basis the
beginning and end of the year may well differ frahe year that is used for economic

analysis'

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

time frame.

2.74 Consequently, for the purposes of compiling ec&ygstaccounts, it may be necessary to
convert or adjust available environmental informatio an annual basis using appropriate

factors or assumptions.

2.75 Measures of the extent, condition and capacityocofsgstems and their components should

relate to the opening and closing dates of thecést®al accounting period. If information

* For example hydrological years may not align weitiendar or financial years.
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available for the purposes of compiling ecosystamecity accounts does not pertain directly

to those dates then adjustments to the availaléevdd be required.

The use of reference conditions

Measures of the condition of an ecosystem at acpéat point in time necessarily require an
assessment of the ecosystem in relation to eithethar ecosystem or, more commonly, in
relation to the condition of the same ecosysteanatarlier point in time. The general feature
of these assessments is that, although they amessqul in quantitative terms, a degree of
subjectivity is necessarily involved in determinitige extent to which quality has changed.
For example, comparing an ecosystem against a timmdn a previous year involves

selecting a reference year.

The choice of a reference condition for assessoagystem condition may imply certain
views on the preferred state of the ecosystemekample, if the reference condition is based
on how an ecosystem would function with less otuwitt human intervention, then most
ecosystems that are subject to human interventithtoevmeasured as being of lower quality.
In turn, this may suggest that the appropriateaesp is to restore the ecosystem to a quality
that would exist without human intervention. Whitese conclusions need not be drawn from
the choice of such a reference condition, it isuctbat the choice of reference condition must
be done with caution.

In addition, it needs to be considered that ithis tombination of ecosystem types and uses
that provides society a bundle of ecosystem ses\(ied, water regulation, opportunities for
recreation, nature conservation). Analysing thevises supplied by only one ecosystem
without consideration of the societal and ecoldgicantext may not always provide

meaningful information.

In order to limit the extent to which implicatiofar management objectives might affect the
interpretation of information in ecosystem accoutiie preference in the SEEA is to measure
changes in condition (i.e. quality) from the begignof the accounting period. Thus, when
compiling accounts for any given accounting perithd measure of quality change should
refer to the change from the beginning of the pkrio the end. This is sufficient for

accounting purposes and also aligns with the gémp@roach used in the measurement of

guality change in economic statistics.

A variation to this approach would be to retainrayle reference condition that is used from
the commencement of a time series of ecosystenmuatxorhat is, for example, retaining the

same reference condition for a five year time sasfeecosystem accounts.
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The approach to reference conditions in the SEEdifferent from determining changes in
condition and quality by comparison to policy oljees or targets. For accounting purposes it
is not appropriate to take a position on relevédm¢dives and targets for ecosystem condition
and capacity. However, once a core set of infoilwnais available within an accounting
framework, analysis of different objectives andyéds is possible. One option might be to
consider the implications of different policy objees for different ecosystems to assess

relative costs and benefits.

Relationship of SEEA Experimental Ecosystem Accountsto the SNA and the SEEA
Central Framework

Relationship of ecosystem accounts to the SNA

The accounting approach outlined in the SEEA Expenital Ecosystem Accounts is founded
on the accounting approach described in the SNAvever, there are a range of extensions
and re-presentations of core SNA concepts that umedd. This section outlines these

differences.

The first main difference concerns the scope okfhienconsidered in ecosystem accounting
compared to the SNA. In the SNA the initial focusagcounting is on the outputs from

production processes that combine capital, labcwt ather inputs (such as fuel and
materials). These outputs are goods and servicefiectively referred to as products. In turn
products are consumed or accumulated by economits. Un ecosystem accounting, the
benefits include some products within scope of Sh& (such as timber and fish harvested
from ecosystems) but also include a broad rangmltdctive benefits from ecosystems (such

as clean air) and some individual benefits (sucth@asmenity benefit of landscapes).

It is clarified that the production of goods on eagcount (for example, the outputs from
subsistence farming and fishing, the collectiorficdwood and water for own-use, and the
harvest of naturally occurring products such asié®ris all within scope of the production
boundary defined in the SNA and within scope of thenefits recorded in the SEEA
ecosystem accounts. The extent to which countniglside the production of goods on own-

account as part of their measures of GDP may vaweker.

The second main difference concerns the approagéfining the scope of assets. In the SNA,
the scope of assets is limited to those assetshénag economic value by virtue of being
expected to deliver a stream of benefits to theesvar user of the asset in the future. The

stream of benefits in this case is limited to inedimom production, income from allowing the
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use of an asset in production (e.g. rent earneallowing the use of land) and earnings from
the sale of an asset. In the last two cases thefitemre limited to those evidenced by a
monetary transaction. A consequence of this apprizathat a range of bio-physical assets are

excluded from scope because they do not have atifidd stream of SNA benefits.

In the SEEA Experimental Ecosystem Accounts, theob&enefits is broader. This has two
primary consequences, first, a broader range apbisical assets are included relative to the
SNA since all parts of the bio-physical aspecta abuntry are considered to contribute to the
extended set of benefits. Thus, for example, atl lss included in scope of the ecosystem
accounts irrespective of whether it has a valumametary terms following SNA principles.
Second, the recognition of a broader set of benéfiplies, assuming valuation is possible,
that the value of a given asset in monetary teens @ forest) will be different, quite possibly
higher. In these senses the asset boundary ofER& Experimental Ecosystem Accounts is
broader than the SNA.

For biological resources (e.g. timber, fish, liee$t, orchards, etc) the SNA makes a clear
distinction between cultivated and natural resosirc@ultivated biological resources are
considered outputs from production processes wheredural biological resources are
considered flows from the environment which areutsgo the production process only when
harvested. Since cultivated biological resources @oducts, their accounting treatment is

quite different from natural resources.

In the SNA, the boundary between cultivated andunatbiological resources is defined
following general principles concerning the degmafe management that is exerted by
economic units over the growing of the associataednals and crops. High levels of
management imply the resources are cultivatedrdntige, the boundary may be difficult to

determine.

In SEEA Experimental Ecosystem Accounts, as inrSBEA Central Framework, the scope of
environmental assets in general, and ecosysterpariicular, includes both cultivated and
natural biological resources. In the case of theESEentral Framework this allows a more
complete assessment of the stock of particular styple resources, for example timber
resources or aquatic resources. In the case of IEgp&rimental Ecosystem Accounts, the
motivation to include both cultivated and natuedaurces is more refined. For ecosystems it
is more relevant to consider the intensity of usaroecosystem and the extent to which there
is management of targeted species. At the same tauegnising that few if any ecosystems
remain that are not managed for influenced by meapis difficult to observe purely natural

ecosystems and all ecosystems may be considerdivated” to some degree. Consequently,
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rather than attempt to distinguish between ecosysten the basis of whether they are

cultivated or natural, all ecosystems are consiigriatly.

Relationship of ecosystem accounts to the SEEA Central Framework

The SEEA Central Framework consists of three berads of measurement (i) physical flows
between the environment and the economy, (ii) tteeks of environmental assets and
changes in these stocks; and (iii) economic agtidahd transactions related to the
environment. The ecosystem accounting describethenSEEA Experimental Ecosystem

Accounts provides additional perspectives on memseant in these three areas.

First, the SEEA Experimental Ecosystem Accountermkithe range of flows measured in
guantitative terms. The focus in the SEEA Centrahtework is on the flows of materials and
energy that either enter the economy as naturaitsnpr return to the environment from the
economy as residuals. Many of these flows are msloded as part of the physical flows
recorded in ecosystem accounts (e.g. flows of tinibbéhe economy). In addition, the SEEA
Experimental Ecosystem Accounts includes measuremiethe individual and collective

benefits that arise from ongoing ecosystem prosetagch as the regulation of climate, air
filtration and flood protection) and from human aggment with the environment (such as

through recreation activity).

There are a number of natural inputs recorded enSBREA Central Framework that are not
recorded as part of ecosystem capital or ecosystewices. These are the inputs from mineral
and energy resources, from excavated soil resquacekthe inputs from renewable energy
sources (excluding hydropower). In all of theseesathe inputs are not considered to arise
from interactions within ecosystems and hence,heiriselves do not generate ecosystem
services. This boundary is explained in more detaiChapter 3. At the same time, it is
recommended that information on these inputs shbealgresented alongside information on
ecosystem services and ecosystem capital to previtere complete set of information for
policy and analytical purposes.

Second, the SEEA Experimental Ecosystem Accountsider environmental assets from a
different perspective compared to the SEEA Cerfiralmework. Environmental assets, as
defined in the Central Framework, have a very breeape. Environmental assets are the
naturally occurring living and non-living componsrdf the Earth, together comprising the
bio-physical environment, that may provide bendfithumanity (SEEA Central Framework,
2.17). This broad scope is intended to encompdssegperspectives. The first, which is the
focus of the SEEA Central Framework is of environtak assets in terms of individual
natural resources (e.g. timber, fish, mineralsdatc). The second perspective, which is the
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focus of the SEEA Experimental Ecosystem Accouids,of environmental assets as
ecosystems in which the various bio-physical corepté are seen to operate together as a
functional unit. Thus, conceptually, there is nte@sion of the bio-physical asset boundary in

the SEEA Experimental Ecosystem Accounts.

Accounting for specific elements, such as carbon,eovironmental features, such as
biodiversity, are also covered in the SEEA ExpenrtakEcosystem Accounts but again these
are specific perspectives taken within the samephigical environment as defined by

environmental assets in the SEEA Central Framework.

While there is, in principle, no extension in th@-physical environment, there are some
particular boundary issues that need consideragpiarticularly concerning marine ecosystems
and the atmosphere. The ocean and the atmospkeez@duded from the measurement scope
in the SEEA Central Framework and their treatmarihie context of ecosystem accounting
requires further consideration.

More importantly, while the bio-physical startingipt may be the same, the characteristics of
environmental assets that are considered in e@ayatcounting are different from those
considered in the SEEA Central Framework. Thisteslto the consideration of a wider range
of individual and collective benefits (as noted\atjathat are generated from ecosystems. This
expansion in the set of asset characteristics apes®f ecosystem accounting is the most
significant extension and has implications for ¥y in which the measurement of assets in
physical terms is undertaken (in particular it $sential to take into account any changes in
the quality or condition of ecosystems) and the wawhich valuation of ecosystems can be

considered.

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 intifuma accounts — the main example

being Environmental Protection Expenditure Accounts

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

ecosystems. At the same time, the SEEA Experimdftabystem Accounts will include a

discussion on the appropriate accounting treatfioer@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.
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