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Status of Chapter 3

The material around the definition of ecosystenvises and the examples of ecosystem services has
developed well and provides a sound base for thesurement of ecosystem services in physical
terms. At the same time further work is requiretino specific areas.

First, a draft of the Common International Classifion of Ecosystem Services (CICES) is needed to
support work in this area. As part of drafting CEC8larification is needed on the treatment of abiot
resources (such as mineral and energy resourcg®ratne appropriate time and point of recording of
ecosystem services for cultivated resources sutitiessock and crops. A process to finalise a draft
CICES has commenced as a first round of feedbaskbé&an completed. Finalisation of this work will
also be used to confirm the set of examples ofystes services included in Section 3.4.

Second, proposals for accounting tables need fmélésed. These proposals rely on developments in
CICES and on the discussion on statistical ungsufised in Chapter 2. Also, some further discussion
is needed among those more closely involved inystes) accounting as to the type of information
that should be included in ecosystem servicesaglables.
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Chapter 3: Accounting for ecosystem servicesin physical terms

3.1 General conceptsand principlesin measuring ecosystem services

3.1

3.2

3.3

3.4

3.5

3.6

Ecosystem services have become a central concephimecting biophysical information on
ecosystem processes and ecosystem capital withdhefits received from ecosystems by
society. As described in the core ecosystem acogumhodel in Chapter 2ecosystem
services are the contributions of ecosystems to benefits used or enjoyed by society.

The measurement of ecosystem services needs tmepasrange of factors to appropriately
define the object of measurement. First, there oftsn be a series of ecosystem processes
that take place within ecosystems before the etasyservices are captured and benefits
arise. For instance, forest patches support bealgogns which in turn pollinate fruit trees
which are, in the final step, harvested. Recordigflows associated with each step would
overstate the total flow of ecosystem servicesamributions to society. Further, it is often
very difficult to disentangle the specific contritmn of different steps.

Recognising these multiple interactions, the SEBArder to record only the contribution of
ecosystems to benefits used or enjoyed by so@dbpts a measurement scope of ecosystem
services that only includes what might be termed tfinal ecological output’ from
ecosystems. As explained in Chapter 2, these ficakystem services may be used by
households, enterprises or government to producelsy@and services. Consequently, the
internal flows of ecosystem processes, often refeto as intermediate or supporting services,
are excluded from the measurement scope of ecosysryices.

Second, it is considered that ecosystem servieegarerated as a result of bio-physical, geo-
chemical, and other physical processes and intersctvithin an ecosystem. Consequently,
flows from the environment such as extractions dfieral and energy resources and the
capture of energy from renewable sources, suchirad and solar energy, are not considered
ecosystem services in the SEEA.

Third, the distinction between ecosystem servicesthe benefits to which they contribute is
an important one that recognises that, in manysdns, the contribution of the ecosystem is
just one of the inputs required in order for soctet receive the benefits from an ecosystem.
Often, though not always, the service provided hyeeosystem is combined with inputs of
labour, produced assets and intermediate consum(gtig. fuel) in order to generate a benefit.
For example, a tree must be cut down using labodraachainsaw before the benefit of using
it for timber can be realised. These benefits arasidered material benefits which, by
definition, arise from a production process asrufiin the SNA.

At the same time, there are also important benefiteh are received without the use of any
production processes — for example the benefiledncair that arises from the air filtration

! At the same time it is recommended that data esetilows be compiled in conjunction with ecosystem
accounts.
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services from trees. In these cases the ecosyserites and the benefits are considered
equivalent. These benefits are defined as non-rabbeEmefits.

There are also a broader range of conditions aotbrkathat must be considered in the
measurement of ecosystem services. Since ecosystevices are measured only when
benefits can be identified, the conditions anddecthat influence the receipt of benefits are
relevant. For example, the receipt of benefits fribva air filtration processes of trees is
dependent upon the number of people in sufficiecithge proximity to the relevant patch of
trees. The consideration of these conditions amdofa is particularly important in the

measurement of ecosystem services that resultrimaderial benefits.

Following standard practice in economic accountiting flow of ecosystem services into
economic activity is necessarily an intermediatevfinto the generation of material benefits.
Then, depending on how the material benefit is usednay be recorded as part of
intermediate consumption (e.g. the use of woodhénrhanufacture of furniture) or as part of
final consumption (e.g. the collection of wood byukeholds for heating, benefits of
recreation from visiting a forest).

Material benefits that are generated using, in, antributions from ecosystem services are
already in scope of the production boundary of ddath measures of economic activity as
defined in the SNA and as used in the SEEA Ceritiramework. Examples include the

benefits from the commercial supply of wood, cra@bs. This boundary also includes the
products produced by subsistence agriculture astunfj, and all own-account activity of

household (such as the collection of fuelwood, watel forest products for own-use).

However, non-material benefits are not within scopthe standard production boundary and
the recognition of these benefits and the assatiatesystem services is an important part of
ecosystem accounting. Often non-material benefgscharacterised as being in the form of
avoided costs e.g. the benefits of air filtratiorse@ in the form of reduced health care costs
and improved quality of life. However, in the SEBAis characterisation is considered a link
to outcomes rather than outputs and is not thesfatuhe accounting model. Rather non-
material benefits are described in a manner anakb g goods and services produced in the
economy — e.g. clean air from air filtration seesc

From a societal perspective there may often beoowts from ecosystem processes that are
seen as negatives (e.g. pests and diseases). 8desstem disservices often originate from a
combination of ecological processes and adverseahummanagement. In part, these
disservices are included in the ecosystem acconrds indirect manner, for example when
agricultural pests lead to declines in ecosystepitalaand a reduced supply of ecosystem
services. However, other disservices that direethter the production or consumption
functions of households, enterprises and goverrsnéag. natural pathogens having an
impact on health) are not accounted for. The wahatiip between these disservices and
benefits as defined in the SEEA may be difficultegiablish and, in addition, for many of
these effects, there is only a weak correlatiomvbeh consumption of ecosystem capital and
the management of the disservice.

It is recognised that the vast majority of the w@lecosystems have been modified by
people, often with the purpose of enhancing thelygpetion of one or more specific ecosystem
services, and often having offsetting effects andkailability of non-material benefits. These
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modifications by people (which include efforts &store ecosystems) impact on the capacity
of ecosystems to provide ecosystem services andcaxinted for as part of assessments of
ecosystem capital described in Chapter 4.

The ecosystem accounting relationships describ&hapter 2 also consider the returns to the
ecosystem. For instance, when trees are fellede e logging residues that remain in the
ecosystem. In addition, economic activity may leéadpollution or other pressures on the
ecosystem, or on nearby ecosystems. These pressigelighly relevant for ecosystem

management, but are site and case-specific anfliriber described in this section. They are
however, included in the SEEA to the degree thay tlead to consumption of ecosystem
capital, i.e. a decrease in the capacity of ecesysto supply ecosystem services.

3.2 Scope and classification of ecosystem services

3.14

3.15

3.16

3.17

3.18

At the broadest level three different categorieg@isystem services are distinguished in the
SEEA: (i) provisioning services; (ii) regulatingeees; and (iii) cultural services.

Provisioning services reflect contributions to the goods and servicesdpced by or in the
ecosystem, for example a piece of fruit or a plaithh pharmaceutical properties. These goods
and services may be provided by agricultural syst@arable land, permanent crops, pastures),
as well as by semi-natural and natural ecosystems.

Regulating services result from the capacity of ecosystems to regutliteate, hydrological
and bio-chemical cycles, earth surface processelsaaariety of biological processes. These
services often have an important spatial aspectiristance, the flood control service of an
upper watershed forest is only relevant in the dlamne downstream of the forest. The
nursery service can also be classified as a regnlaervice. It reflects that some ecosystems
provide a particularly suitable location for repuation and involves a regulating impact of an
ecosystem on the populations of other ecosystems.

Cultural services relate to the intellectual and symbolic benefhattpeople obtain from
ecosystems through recreation, knowledge developmelaxation, and spiritual reflection.
This may involve actual visits to an area, indiye@njoying the ecosystem (e.g. through
nature movies), or gaining satisfaction from thewledge that an ecosystem containing
important biodiversity or cultural monuments wit preserved. The latter may occur without
having the intention of ever visiting the area. Tadegory cultural services also includes the
biodiversity conservation service that represehts lienefits that people obtain from the
existence of biodiversity and nature and the pgssinit on to subsequent generations (not
because biodiversity provides a number of servidas, because people believe its
conservation is important in itself).

These three types of ecosystem service form thigebigevel of theCommon International
Classification of Ecosystem Services (CICES). The next levels in the hierarchy are smanv
Table 3.1. The annex to SEEA Experimental Ecosysdeoounts contains some additional
detail showing examples of services that mightnotuided in the different classes. Experience
to date suggests that at a broad level the steiatirCICES can be used in a range of
situations. However, the CICES presented in the/SiSEprovisional and it is anticipated that
it will be refined over time as ecosystem accountevelops further.
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Table 3. 1 Higher levelsof CICES

(To be finalised)

There are two significant boundary issues in retatio CICES. The first relates to the so-
called intermediate or supporting services. Thdewesf relate to all of the underpinning
ecosystem processes within an ecosystem that trefecongoing operation of ecosystems
including things such as soil formation, nutriegtling, etc. There is little doubt that these
flows are central to the operation of ecosystenwsvéver, in the ecosystem accounting model
they are not considered contributions to beneéteived by society — i.e. they are not final
ecological output. In an accounting sense theyeanbodied in the provisioning, regulating
and cultural services which they underpin. Whileytlare not considered ecosystem services,
these flows are an important part of accountinggoosystem capital, in particular for the
changes in ecosystem capital over an accountingder

The second issue concerns flows related to abiotaterials. Society takes significant

advantage of abiotic materials found in the envitent (such as underground mineral and
energy resources) and also captures many abioticsffor various purposes (particularly the
capture of energy from solar and wind sources). &él@n, since these materials and flows do
not arise as a result of interactions within ectssys and because the availability of these
materials and flows cannot be managed on human sicades, they are not considered
ecosystem services.

At the same time it is recognised that the assasiswieecosystems necessarily requires
consideration of these flows. Ecosystem capitalikisly to be impacted by decisions to
capture and extract these materials and flows tla@desiduals that result from the use these
materials also impacts on ecosystems. Therefdteyuaih these flows are not included as part
of ecosystem services, these flows are grouped fioudh section of CICES titled “Other
environmental flows”. It is recommended that relg@vimformation relating to these flows be
compiled in the context of ecosystem accountingaomit assessment of tradeoffs between
alternative uses of land and ecosystems. The nmerasat of these flows is discussed in some
detail in the SEEA Central Framework Chapters 3&nd

In the same way as internal flows of an ecosysteeacluded from the measurement scope
of ecosystem services, flows between ecosystemalsweexcluded, including flows between

ecosystems in other countries. At the same timeoitapand exports of ecosystem services
may arise, for example, when visitors to a coumtnjoy a walk in a forest, the associated
ecosystem service is a contribution to a produestfit that is recorded as an export.

Section 3.4 describes a range of approaches tlgdit ihé considered in the measurement of
ecosystem services in physical terms.

3.3 Accounting structuresfor ecosystem services
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The aim of ecosystem service flow accounts is tgawise information on the flows of

ecosystem services by type of service, by statistinit, and by economic units considered
responsible for utilising the service. In additiomvill be relevant to identify the recipients of

both material and non-material benefits that aitiem using the contributions of ecosystem
services.

Tables proposed for inclusion but yet to be finalised:

Table 3.2 Ecosystem service flows by ecosystem accounting unit (EAU)

Table 3.3 Ecosystem service flows by ecosystem accounting unit and responsible economic
unit

Table 3.4 Ecosystem service flows by ecosystem accounting unit and benefit recipient

3.4 Measurement approachesfor selected ecosystem services

3.25

3.26

3.27

The following section describes potential approacte the measurement of a range of
ecosystem services in physical terms in order ssasompilers in commencing work on the

measurement of ecosystem services and to bett&iexpe measurement concepts. It is not
possible to identify and define all ecosystem sswiand hence the intent here is to highlight
relevant issues in the measurement of the most cmynrecognised ecosystem services.
Section 3.5 discusses considerations that migkaksn into account in determining the set of
ecosystem services that should be measured.

The approach taken to describe the measuremenbaghms is to describe individual
ecosystem services. It is recognised that preggttiminformation in this de-constructed way
may give the impression that ecosystem servicesasdy separable flows. In reality, the
measurement of ecosystem services must start framor@ holistic sense of an overall
ecosystem and the range of different servicesetfiettively emerge from the ecosystem as a
bundle of services. However, as a matter of siedistand scientific approach, direct
measurement of this bundle is not possible andehardecomposition must be adopted.

Table 3.5 presents the list of ecosystem servioat dre described in more detail in this
section. The table includes a brief description sowie potential indicators.



Table3.5Ligt of selected ecosystem servicesdescribed in Section 3.4

Name of ecosystem service Description of ecosystem service Corresponding benefit

Provisioning Services

Crops Crops from intensive and extensive agricultureCrops can be consumed directly or further
including shifting cultivation processed.

Fodder for livestock Rangelands provide foddeaggr herbs, Livestock products (including animals,
leaves from trees) for livestock meat, leather, milk)

Raw materials including wood| Ecosystems, in particular forests, generate | Firewood, logged timber, non-timber
and non-timber forest product$ stocks of wood and non-timber forest produgtsforest products.

that may be harvested. Non-timber forest
products include for instance rattan, various
food products, genetic materials, ornamentals
and pharmaceutics.
Fish and other aquatic and Marine and other aquatic ecosystems provide Fish and other species can be consumed or
marine species from marine | stocks of fish and other species that can be | further processed.
and inland waters harvested.
Fish from aquaculture Aquaculture systems are tesedltivate a Fish and other species can be consumed or
variety of fish and other aquatic and marine | further processed.
species.
Water Ecosystems filter and store water that @n bl Drinking water
used as raw material for drinking water
production

Regulating Services

Carbon sequestration Ecosystem sequester andcaitien Climate regulation
Air filtration Trees can filter particulate mattieom ambient| Cleaner air
air
Flood protection Ecosystems regulate river flowd ean Protection of properties and lives

provide a barrier to floods

Cultural services

Providing opportunities for Ecosystems present physical space and Recreational benefits
tourism and recreation landscape features people enjoy, to watch o
undertake activities in (hiking, cycling)

3.4.1 Provisioning Services

3.28 Provisioning services should be the most amenablmeasurement as they are within the
production boundary of the SNA and the SEEA Cerframework and hence flows of these
services can be directly related to relevant messwf production (e.g. cubic metres of
timber, tonnes of fish, etc).

3.29 The scope of provisioning services covers outpus fboth cultivated and natural biological
resources. Cultivated and natural biological resesitare distinguished in the SNA and in the
SEEA Central Framework to recognise that the grafibiological resources is managed to a
greater extent in some cases compared to otheus, Tor example, the rearing of livestock
and fish, the growing of crops, and the farmingthards, vineyards and plantations, are all
considered to result in the production of cultigateiological resources. Conversely, the
harvesting of fish on the high seas, the fellingimiber in naturally regenerated forests, and
the hunting of wild animals are all considered ® the extraction of natural biological
resources.
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The distinction between cultivated and naturaldmgatal resources impacts on the accounting
in the SNA by altering the time at which the prailut of the resources is recorded. For
natural biological resources the production is réed at the point of extraction or harvest,
whereas for cultivated biological resources thedpotion is recorded on an ongoing basis as
the resources grow.

More significantly, there are also large differemae the production functions of the different
resources with many more inputs being recordetiércase of cultivated biological resources.
But this is a difference in terms of extent ratttean a difference in conceptual treatment of
the production activity.

From the perspective of ecosystem services itdtse that, whether the biological resource
is cultivated or natural, the broad set of relevaedsystem processes will be the same. Put
differently, nature makes no distinction in ternfsite contribution to growing a tree in a
plantation as distinct from a naturally regenerdtedst. However, the point in the production
process at which the contribution of the ecosystenecognised will vary depending on the
degree of cultivation that is undertaken. Thus, final ecosystem service in a case of
completely natural growth will be the tree or anlithat is harvested. Conversely, in a heavily
cultivated situation, the final ecosystem servicdl velate to the grass that is eaten by
livestock or the nutrient uptake by plants.

Unfortunately, there are no neat boundaries aradegtees of cultivation and there is a
limited ability to distinguish between varying pradion process to determine the extent to
which different ecosystem processes are final. Maw®us conventions are adopted to enable
ecosystem accounting to be completed. It is reseghihat at the scales at which ecosystem
accounting for the SEEA is undertaken (i.e. ataegl and national levels) these conventions
are unlikely to have a significant impact on them measures. However, for more detailed
studies in specific sites a more fulsome articalatrf ecosystem service flows linking final
and intermediate services may be useful.

In the following paragraphs, common ecosystem sesvare elaborated on the basis of a short
description and an illustration. The figures préséme ecosystem, the flow of ecosystem
services (i.e. the goods that are extracted frarettosystem), the activity required to extract
the ecosystem service, and examples of the subse@eeefits. In reality, an ecosystem
service may generate a cascade of different bengdig. timber may be converted into a
table) and only one or a few illustrative benedits shown in the figures.

The figures below also depict the inputs of laband produced assets required to (i) mange
the ecosystem,; and (ii) harvest or extract theystem service. The distinction between these
two types of inputs is made for the following reasbor any provisioning service, there are
always costs related to extracting the service,thearvesting a crop, felling timber, or
catching fish. These costs are paid at a speaffiatpn time and they may rise when stocks
become depleted or ecosystems degrade. Howevearpsiteefor managing the ecosystem vary
substantially between different ecosystems and wéty the degree of human modification of
the ecosystem. These costs may be made on an gnbasis in order to maintain the
productive capacity of the ecosystem.
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(agricultural

Provisioning of crops

Agricultural production includes the production afinual and perennial crops in cultivated
land including plantations, see Figure 3.1. Thesgstem service comprises the harvest of
crops and other products from the ecosystem. Titmeefaor land manager is (i) managing the
overall production environment, i.e. the farm arghtion, for instance by constructing a wind
break or an irrigation reservoir; and (ii) harvegticrops using labour and machinery. In
practice, it may not always be easy to distinguigtween these different inputs at an
individual farm level. Crop residues are recordedeaaining in the field, and returned to the
ecosystem.

Figure3.1. Agricultural production

Farminputs (labour, produced assets,
Intermediateinputs), e.g. for terracing,
seeds, fertilizer

Inputs tor harvesting
{(labour, produced assets,
Intermediateinputs)

Ecosystem

ES: Crops Harvested crops

~_

Cropresicues

land)

Provisioning of fodder for livestock

In livestock grazing, the service supplied by tleesystem relates to the amount of animal
fodder produced in the ecosystem, as it is grayeilvbstock. This animal fodder comprises
annual and perennial grasses and herbs, leavestifees) etc. The livestock holding system
may be more or less intensive, for instance fregirg cattle grazing large stretches of semi-
arid rangeland, or dairy cattle grazing confinedtpees. The land manager may invest in
managing the overall ecosystem, for instance byirgpwmproved pasture varieties, or by
building fences or firebreaks. Livestock holdirg the activity undertaken by the land
manager in the ecosystem, involving all aspectged|to animal production and resulting in
outputs of animals, wool, milk, meat, hides, etc.

The ecosystem service can be measured in physitastin 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 3.2
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Figure 3.2. Provisoning of fodder for livestock

[uputs to pastures e.g. tire control, lnputs anirnal holding
seeds for improved pastures e.g lhierding,
veterinary care

ES: Grass and other

ECOSYStem animal feed

(rangeland)

Manre

Animals, nlk,
meat, hides

Grazing by
domestic
animals

Provisioning of wood and non-timber forest products

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

While the management practices may differ, the tiyithg ecosystem provisioning service is
the same: the growing of the ‘wood’ or ‘NTFP’ thextiters the production function of the
logging company or individual. Figure 3.3 presetiis service, focusing for illustrative
purposes on the supply of wood.

For logging, a number of inputs are required suctahour, a saw and a truck. The product
resulting from the logging is logged wood, withlifed residues returned to the ecosystem.
Wood can have a wide range of different qualitisth the product (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 standing wood at the moment
immediately before it is felled, the product regres logged wood. For harvesting of NTFPs,
only labour may be required, and the ecosystemicgerfi.e. NTFP immediately prior to
collection) may be equivalent to the product {lhe harvested NTFPs).
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Figure 3.3 Provisioning of wood

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

ECOSYStcm ES: waood
(forest)

Harvest
(logging)

Felling residues + branches

Provisioning of fish and other aquatic and marine species

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 law enforcement actigitreay be undertaken, and on specific
occasions also restocking of specific lakes magdreied out. However, inputs are required
for the harvesting of fish and other species, imvg boats, nets, labour, etc. The ecosystem
service is the fish as it is harvested (correspandbd the ‘gross removal’). The product

resulting from the activity fishing is fish, mosiramonly expressed as landed fish.

The ecosystem service may be measured in physigaistin terms of the amount of fish
caught (i.e. the gross removal from the ecosystangounting for differences in species, see
Figure 3.4. Discarded catch is usually returnethto ecosystem. Often the discarded catch
consists mainly of dead specimens that do nottieadrestocking of the ecosystem.
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Figure 3.4. Provisioning of fish

Inputs, e.g. a boat, nets

Ecosystem Fish as it is caught

. ; Fish landings
{gross removal)

(lake, river,
open sea)

Discarded catch

Provisioning of fish from aquaculture

Aquaculture systems range from highly extensivedked water bodies with some stocking
of commercial varieties) to highly intensive (eigtensive shrimp ponds with controlled
stocking, feeding, use of pesticides and other oteds). As in the case of farming, in
aquaculture there are investment required to shiaperoductive environment required for
growing fish or crustacean production, for instaimc@onds and infrastructure. In addition,
inputs are required to harvest the crops, evengimndhese may be small compared to the
investment required for developing the aquaculfaodity. In the case of aquaculture, there
may not be any return of discarded fish to the ppmadd the harvested ‘ecosystem service’
may equal the product. Figure 3.5 shows the ovaratlel for this ecosystem service.

The ecosystem service can be measured in ternishgbrfoduced. In the case of aquaculture,
there is a need to examine if harvesting systemsbheaclassified as ecosystems (which may
be appropriate for the extensive systems whereralaprocesses including predation are
important in regulating the ecosystem dynamicspa®rpurely produced systems (akin to
greenhouses (as may be more appropriate for theintessively aguaculture systems).
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Figure 3.5 Fish and crustacean production from aquaculture

Inputs e.g. ponds, feed, Inputs for harvest

equipient

Ecosystem

Fish, shrimps Fish, shrimps
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Provisioning of water

Freshwater can be extracted from deep or shallawfeag, and from surface water including
lakes, rivers or man-made reservoirs. The supphlyaier 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 arpgtoring water that is not replenished on
human time scales should therefore be interpretexkt@action of sub-soil assets.

For both surface water and water extracted fromewale, shallow aquifers, both the
guantity and the quality of water generally dep@emdecosystem 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 othdrsurface groundwater sources is often
less polluted than surface water because of thacigpof ecosystems to breakdown or bind
pollutants and filter micro-organisms harmful tartan health. Often, headwaters or complete
watersheds important for drinking water productaye protected and managed as drinking
water extraction area.

Water supply therefore combines elements of a praning and a regulating service. It is a
provisioning service in the sense that the extaatif water involves the flow of a good from
the ecosystem to society, however underlying thesgmce of the water are a number of
regulating processes such as water storage (intetra-annual) and water purification.

The water accounts presented in the SEEA Centesh&work and in SEEA-Water detail the
methods for accounting for water resources inclgdieep aquifers. In contrast, in SEEA
Experimental Ecosystem Accounts, the focus is arsystems’ capacity to support water
extraction. The approach taken is to analyse tbheigioning of water as an ecosystem service



is illustrated in Figure 3.6 below. The ecosystemvise is the amount of water (before
treatment) extracted from the surface water soortke shallow aquifer.

3.50 Investments may be made in order to protect theyastem (generally a watershed) supplying
the water (e.g. adjusted land management, monitairwater quality, creation of retention
basins) as well as for the transformation of exéavater into drinking water. The extracted,
untreated water enters the production functionhaf drinking water company, or of the
household consuming the water. The household ntagreconsume this water directly, or
filter it before consumption.

Figure 3.6 Provisioning of water

Inputs: imanagement of watershec [nputs: e.g.
(waterreservoir protection) treatient facility

Ecosystem

(surface
Water/ ES: water before
shallow treatinent Drinking Drinking water
) water
aquifer and praduction
catchment

area)

3.4.2 Regulating services

3.51 Typical for regulating services that they involvepcess regulated by the ecosystem that
provides a non-material benefit to society in thierf of lowering the risks of certain negative
outcomes (such as polluted air). However, typiocalthis category of services is that a range
of conditions and factors need to be in place lefobenefit is received. Thus, the processes
regulated by the ecosystem only constitute a benafid therefore an ecosystem service - in
situations where the ecosystem processes affedplepeFor instance, air filtration by
vegetation only materialises as an ecosystem seifvibere is air pollution in the atmosphere
that the vegetation is absorbing d@hthere are people living nearby that benefinira lower
concentration of air pollutants.

3.52 These other conditions and factors have been c¢dbbedhe purpose of SEEA Experimental
Ecosystem Accounts, ‘enabling factors’. These dngbfactors differ for the various
regulating services, and are described below fogethregulating services. Note that these
enabling factors are typically not an attributetteé ecosystem, and they are not reflected in
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the stock of ecosystem capital. Nevertheless, tfeders need to be understood, quantified
and recorded before physical and monetary quaatidic of the ecosystem service can take
place.

The delivery of regulating services is commonly amateasingly affected by land use choices
made by producers and society generally. At a ltmadl the delivery of regulating services
may be affected negatively by the removal of vegmta for example. Equivalently, the
delivery of regulating services may be enhancethbyplanting of vegetation or the protection
of existing vegetation. Thus, while the regulatsegvices themselves are very much natural
processes, the extent of their delivery can be madlieaffected by human activity.

The paragraphs below present a brief descriptiosetdcted regulating services. They also
contain a figure that illustrates the supply of s@tem services by the ecosystem, as well as
the role of other inputs (such as labour and predwassets) and the subsequent benefits. In
the case of regulating services, there are noiietivequired to produce the service.

Sequestering of carbon and carbon storage

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

In order to capture both the stock and the flow easpof carbon, the following
conceptualisation of this ecosystem service is tdisethe purpose of ecosystem accounting.
Analogous to other ecosystem services, the seqirgstef carbon and carbon storage are
service flows that can only have positive valuesbdth cases the flows is expressed as tons
of carbon(equivalent)/year, and should be speciftedspatially defined areas that can be
aggregated for the purpose of national level edesysaccounting. The service of the
sequestering of carbon is equal to the net accuimonlaf carbon in an ecosystem due to
growth of the vegetation and due to accumulatiotéiow ground carbon reservoirs. The
ecosystem service of carbon storage is the avdidedof carbon resulting from maintaining
the stock of above ground and below ground carkguoestered in the ecosystem.

To calculate the second part, i.e. the flow that ba attributed to maintaining carbon in
storage, the avoided emissions are calculatedseTaeoided emissions only relate to the part
of the stored carbon that is of clear risk of beiagased in the short term due to land use
changes, natural processes (e.g. fire) or othéorfacNo service is delivered if all stocks at
risk of being released are released but positimdcgeflows are recorded where stocks at risk
remain in storage.
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The conceptual model of the ecosystem servicefasction of ecosystem state and enabling
factors is presented in Figure 3.7. Figure 3.7 shitwait ecosystem management will generally
affect the net sequestration and/or the storageaff in the ecosystem. The enabling factor for
this service is the occurrence of climate changkichv causes carbon sequestration and
storage to provide an economic benefit resultiognfavoided damages, at present and in the
future.

Figure 3.7 Sequestering of carbon
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Air filtration

Air pollution arising from particulate matter (imgicular the smallest fraction of PM: PM2.5
with a diameter <2.5im) 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-relatddessses have been shown in a range of
studies. Air pollution removal takes place througlke interception of PM by leaves (dry
deposition). The amount of interception dependstlom state and management of the
ecosystem (for instance, on an annual basis ewsrdrees capture more PM than deciduous
trees). Two enabling factors are needed to turnettusystem process of deposition into an
ecosystem service. First there needs to be a rgrtdiution load (that can be measured in
terms of PM concentration) and second there nebé tm exposure of people to air pollution
in the zone affected by PM deposition by the edesys

The total amount of particulate matter depositedain ecosystem can be estimated as a
function of the area, deposition velocity, time ipdr and average ambient PM2.5
concentration, according to the formula PM A*Vd*t*C, in which PM| = deposition of
PM2.5 (kg), A= area (A), Vd = deposition velocity as a function of theaférea Index of
the vegetation (LAI) (mmY, t= time (s), and C = ambient PM2.5 concentratlaim3). The
deposition velocity depends on the vegetation tygel there is an increasing number of
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measurements of deposition velocities as a functibrvegetation type, in particular in
European countries.

A cause of uncertainty pertains to the distancghath vegetation influences air quality. The
UK NEA assumed that health benefits from air ftiba by forests only occur at short
distances (<1 km) from the forest. Other studiatestthat damage assessments of particulate
matter pollution need to consider that air pollnt{®M) can spread over distances of several
hundreds of kilometres from an emission sourceckvinhieans that the effect of large forests
on air quality may be noticeable at larger distarfoem the forest edge.

Figure 3.8 Air filtration
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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 mefiparian forests, are particularly
relevant in this regard. This service is only rel@vwhere there is (i) risk of high water and
wave energy as a function of wind patterns andl lbathymetrics; and (ii) the presence of
people, economic activity and assets susceptibleswin the exposed flood risk zone. Storm
occurrence and therefore flood risk may be modelietiprobabilistic manner, on the basis of
the occurrence and magnitude of storms in recezdadies and on the basis of climate models
accounting for climate change. In coastal are@setosystem service involves the dissipation
of wave energy and the prevention of inundationinliand areas, the ecosystem service
involves the channelling and dispersion of water.



Figure 3.9 Flood protection
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3.4.3 Cultural Services
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Cultural services are more difficult to scope thmmaovisioning and regulating services since

they reflect the nature of human relationships wettosystems rather than more direct

extraction or use of ecosystem processes. At thee sane there are some cultural services
that are quite obvious, particularly tourism andreation services, and the benefits that arise
from these services are often an important paegcofomic activity.

For those cultural services that are not withinpgcof the SNA production boundary, the aim
is to define the amenity or utility that people iderfrom the landscape. For many people,
particularly indigenous peoples, this may be sthpsgiritual and cultural. In general terms,
the extent of these services will be a functiorhofman access to the ecosystem (perhaps
based on the number of people interacting with ebesystem) and the quality of the
ecosystem and surrounding landscape.

Tourism and recreation

3.65

Ecosystems provide an opportunity for tourism amgreation. Tourism is generally
interpreted as involving overnight stays, potehtiiftom visitors abroad, and recreation is
more usually associated with day trips. The serkégpiires some degree of investment in the
ecosystem, for instance to lay out walking traig;ling paths, and camping sites. In physical
terms, this ecosystem service can be measurednis t&f the number of people visiting the
ecosystem. The benefits accrue to visitors theraselnd to nearby suppliers of tourism and
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recreational facilities to the extent that they a#tnibute their operation to the ecosystem. For
instance, some tourism facilities can only existaduse of the presence of the ecosystem, as in
the case of an enterprise renting out skis or carfé@ other enterprises, the picture is mixed,
and only part of their activity may be attributabdethe ecosystem, as in the case of hotels or
restaurants located in or nearby natural parks.

Physical measurement of the ecosystem involvesdampthe number of visitors, in terms of
visitor-days, or overnight stays, to ecosystemssistems such as national parks that are
publically accessible are most relevant for thisise. As in the case of provisioning services,
the use of ecosystem services in tourism involvegegific activity being undertaken, i.e. the
recreation activities by people in an ecosystem.

Figure 3.10 Tourism and recreation services
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3.4.4 Ecosystem servicesand biodiver sity
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The relationship between ecosystem services andivieigity is complex and difficult to
conceptualise and measure. On the one hand, biedivds a core characteristic of
ecosystems much akin to supporting services. Homwewany people also value species
diversity and/or the protection of rare speciesepwhdent of the role of these species in
supplying other ecosystem services. Even thoughsé#reice is difficult to measure and
record, it is complementary to other ecosystemisesvand is therefore included in the
framework.

Biodiversity is generally assumed to include the¢hlevels of genetic, species and ecosystem
diversity. Hence biodiversity is not equivalenti@ture nor does it necessarily fully represent
the natural value of an ecosystem. For instancepthservation of a conservation flagship
species, for instance the orang-utan, may be pemateio be more important than the
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preservation of a rare beetle, even though thenebon of both species would reduce
biodiversity by one species.

A measurement consideration is that the preservaticcome species may be important for
the overall functioning of the ecosystem, in paiac where it concerns species that occupy a
specific role or trophic niche in the ecosystemoligical theories indicate that maintaining
species diversity within functional groups is imgmt for ecosystem functioning and
resilience.

The measurement of biodiversity is generally inftiren of indexes that focus on species or
protected areas. A measurement framework for bévdity and the key indicators that can be
used in ecosystem accounting is discussed in Qhépte

3.5 Setting prioritiesfor selecting ecosystem servicesin ecosystem accounts
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In piloting ecosystem accounting at the nationalescit may be most feasible to initially
select a limited rather than a comprehensive setaofsystem services for inclusion in
ecosystem accounts. The potential feasibility t@snee ecosystem services at the national
scale, both in physical and in monetary terms,ediffstrongly between different ecosystem
services. These differences occur due to differenge data availability, different
methodological constructions, and different comjples related to scaling up and aggregating
physical and monetary units associated with ecesystervices. In addition, there may be
different policy priorities for analysing ecosysteervices.

To facilitate the selection process of ecosystemi@es in ecosystem accounts, a list of
criteria for ranking ecosystem services with regawdtheir 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 benseeindicative only.



Table 3.6 Criteriafor prioritization of ecosystem servicesfor accounting purposes.

Criterion Brief explanation
Availability of broadly accepted methods for anagy Initial consideration may initially be given to sares for
ecosystem services supply in physical terms agla hi which broadly accepted modelling / quantification
aggregation level technigues are available.
Availability of broadly accepted methods for anagy Initial consideration may initially be given to sares for
ecosystem services supply at a high aggregati@i lev | which broadly accepted valuation approaches are
monetary terms available.
Availability of data for measuring ecosystem seggiin Producing national level accounts will often requir
physical terms scaling up parcel level estimates of ecosystemnmicesvo

a national level based on underlying spatial datdh
point-based data and spatially explicit data (eugd
cover, soils, water tables, ecosystem productieity.,)
are required to analyse a service at the natieval |

Availability of data for measuring ecosystem seggiin
monetary terms

Plan to generate new data on ecosystem servicetysup | A firm intent or high likelihood that new eneinmental
monitoring will provide essential data.

Economic importance of the ecosystem service. alnibnsideration may be given to those services tlf
generate the highest economic benefits.

Possibility to influence environmental and/or ecmim Initial consideration may be given to services ttaat
policy and decision making (decision making conjtext | relatively easily be influenced by decision making
order to have maximum relevance for policy making.

Sensitivity of the service to changes in the enuinent, Initial consideration may be given to services trat

including from anthropogenic stressors. sensitive to environmental change / well reflecrayes
in natural capital stocks.

Likelihood of irreversible loss of ecosystem seegic Initial consideration may be given to services tat

including by the supplying ecosystem being pustesi a | generated from ecosystems that are generally uiodelrs
significant threshold and out of its “safe opergtiange”. | to be close to significant environmental thresholds

3.73 Data availability and policy priorities will diffgper country, hence the selection of ecosystem
services for ecosystem accounting will differ peuntry. In general, from a methodological
and data perspective, most feasible for ecosystouating are the provisioning services
including water supply and carbon sequestratiodeasribed below.

3.74  Provisioning services. Since many provisioning services are already bedlin SNA, there is
generally high potential to link these service tos/stems.

3.75 Data on water resources is partly available, itigaar regarding the production volumes of
drinking water and to some extent irrigation watdowever, the link between ecosystem
management and water provisioning is less cleath wegards to such aspects as water
purification in aquatic ecosystems or in the swoihter storage in ecosystems in upper
watersheds, etc. Given the economic importance aiewsupply and the declining water
resources in many parts of the world, including thervice in ecosystem accounts may be a
priority in many countries. A challenge is to bettenderstand, in particular at high
aggregation levels, the infiltration, purificatiand storage processes involved.

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

A challenge with regards to this service is to aetdor both the storage and the sequestering
of carbon. Storage and sequestering are not aligheldigh carbon stock may mean that
sequestration is limited because the vegetatiotiose to its maximum biomass under the
ecological conditions pertaining in the particutaea. A low carbon stock may mean that
there is scope for additional sequestration (e.g.riecently cut forest with intact soil fertility)
but this doesn’t have to be the case (e.g. in arfes

It should be noted however, that although scientifiethods and data are relatively well
developed for this service, this does not equaliyhato all ecosystems, with relatively much
data available for forests, and relatively few diatalakes and coastal systems. There may
also be data and/or methodological constraintda@léo analysing carbon sequestration in
degraded forests and in forest/landscape mosaics.



