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I ntroduction

1. The consideration of land is central to any assess$mf the environment and its assets.
Land defines the space in which a large numbenegifrenmental assets are located and
hence a broad assessment of these biological ayaigalh assets, either as individual assets
or as they interact to deliver ecosystem servimgyjires an understanding of land, of its
biophysical cover and of its use. The scope of mmmental assets will address all land
cover, even though no economic benefits may haea lestablished a present. Land can be
therefore described as the asset the most comnshiaired between the economy, the society
in general and the ecosystem.

2. The SNA recognizes this particular status of lamhich is at the same time an asset and
the support of other assets:dnd consists of the ground, including the soilaraivg and any
associated surface waters, over which ownershiptagre enforced and from which
economic benefits can be derived by their ownersdiging or using them”.
(SNA2008,10.175 he SNA recordgconomic assets which are defined asa“store of value
representing a benefit or series of benefits aaoyuio the economic owner by holding or
using the entity over a period of time. It is a mea&f carrying forward value from one
accounting period to another. All assets in the SiAeconomic asséts(SNA2008, 10.8).

3. The SEEA which expands the scope of assets beymnbdundaries of the SNA will
address all land surface, even though no econoamnefits derived from it.

4. Generally, land is analysed either from the peripeof its bio-physical characteristics
of which its vegetal or/and artificial cover is aggl proxy — land cover — or from the
perspective of the ways in which land is used ygdbonomy — land use. Of course, these
two perspectives are heavily intertwined and haved understood within the geographical
traits of land which relate to steepness and aéiwclimate and availability of water
resources, distance to the sea and accessibititiyregarding the social-economic
interactions which are conditioned by the bio-pbgsenvironment as much as they



condition it. It is in the interaction of land uaad land cover at multiple scales from basic
functional area to various levels of aggregatiod gaographical areas that land as an asset
provides the functions, processes and finally adglas of ecosystem services. Land cover
reflects how land use influences and modifies tesgstem. The development of asset
accounts for land is aimed at providing informattbat can be used to determine the state of
and changes in land use and land cover and thesctions between the two. Some of the
issues that can be considered within a framewoitkmd accounts include the impacts of
urbanisation, crop and animal production, defortémta use of water resources and other
direct and indirect use of land and of the asséii€hvcover it.

5. The land cover and use are observed in part thrgughnd observations and in part
from above ground with Earth observation satelldesirborne devices. The choice of the
investigation methodology depends on the purposbaesturvey. Land cover patterns and
their changes are fairly well observed by satdlitean exhaustive way. High spatial and
temporal resolution imagery is delivering daily amts of detailed data fit for land cover
monitoring.

6. For the aspects of land use, which are not cleaflgcted in the land cover image such
as population density, agriculture practices, detafi crops or intensity of traffic on roads,
the situation is more difficult and requires inusitata which need to be collected directly by
area sampling or indirectly via surveys to the ag#rland. In situ data on biochemical
cycles and biodiversity are as well necessary seoke the natural processes which take
place in a given land cover. The combination a$itd and remote satellite observation, as
reflected in geographical information systems all asmodern statistical sampling
strategies optimised by stratification, does alfowobservations of changes of land cover
and use. The classifications and structures adlin this section should support work of
this type.

7. The principles of land cover classification use B# Land Cover Classification

System (LCCS3) as building blocks. The classifimatdf land cover gives a broader place to
the bio-physical attributes of land, whether or nseéd as an economic asset. It needs to be
fully consistent with the LCCS3 principles in ordersupport future developments and the
possibility of integrating land accounts into varsogeographical and statistical assessments
and at the same time clearly define the buildiracks$ of the ecosystem units regarding
land.

8. In addition to physical descriptions of land, thesen important monetary aspect to the
measurement of land. Land is bought and sold inbipation with the characteristics of the
space and its bio-physical cover like built-up aaed forest area but generally the combined
asset will show a value of the space itself digtfnam the value of the bio-physical cover
characteristics. Monetary accounts for land thusstitute an important component in the
assessment of national and institutional sectodtwellonetary land accounts are precisely
defined in the SNA, which rules apply by defaulbwtver, not all details of land are



described in the SNA 2008 which states in parad®.1The SNA does not specify a
disaggregation of land but it is recommended thatdisaggregation is required, it should be
according to that used in the SEEA.” The possipilift such disaggregation is examined
considering land use and land cover.

9. This note is structured to define land for measweeinpurposes and to present the land
classifications for the organisation of data bydaover and land use. The note then presents
asset accounts for land in physical terms andlfiredset accounts for land in monetary
terms.

Definition of land

10. Land, is an unigue environmental asset that del@segerrestrial space and its cover
within which economic activities and environmenabcesses are taking place and within
which environmental inland assets and economictasse located

11. The location of assets within areas of land mehasland can be characterised by its
topographic properties and by all of the variousess it supports, for example the water, soil
and its nutrients, tree cover, and minerals. Thasd cover characteristics and assets, in
their interactions with socio-economic influences the functional building blocks for the
analysis of ecosystem services generation.

12. The measurement boundary of land for a countryefgndd in relation to the national
territory. The national territory is defined by a country’s tal and waters, and includes the
maritime exclusive economic zon&his boundary provides jurisdiction over marine
resources such as fish and energy resources.

13. From an environmental perspective, theritime exclusive zone has a land dimension
when coming close to the coast. Coastal areasp@@fic socio-ecological systems which
need to be addressed in an integrated way withr eégneestrial ecosystems, because they
provide economic resources like sea grass and algde and important habitats for many
marine species. The functioning of the marine pkard animal life have to be understood in
relation to impacts from aspects like the inlandlygimn transferred to the sea by rivers, the
development of infrastructures on the coast linéctvimodify the streams in the sea, the
damming of rivers which reduce sediment inputs aveffishing. These coastal zones are
described as mosaics of both terrestrial and acj@atsystems comprising seashore, tidal
flats, coral reefs, and seaweed/ grass beds, witngphasis on the aquatic ecosystems

14. In principle, the economic territory of a counttyosild be adjusted to account for
territorial enclavesby adding territorial enclaves of a country thee bbcated in the rest of
the world and deducting territorial enclaves witttie national land area. However, in
practice, it is reasonable to ignore the adjustmémt territorial enclaves, because the total

1 Cf. Satoyam&satoumiEcosystems and Human Well-being: Socio-ecolodtcatiuction Landscapes of
Japan — Summary for Decision Makers. United Natldniversity, Tokyo, Japan, 2010
2 Territorial enclaves are clearly demarcated lamdsi(such as embassies, consulates and militagg)bas



area attributable to territorial enclaves is unljke be large relative to the overall size of a
country and the land area attributable to terrilogeinclaves are likely to be influenced by the
planning and other regulatory frameworks of thetloasintry.

The classification of land

15. Generally, the total area of land is best considi@ieher in terms of its land cover or in
terms of the associated land use.

Land coverrefers to the observed physical and biological epof the Earth’s
surface and includes natural and/or artificial vega&tion and abiotic surfaces.

Land usereflects the total of arrangements, activities amgputs undertaken in a
certain land cover type to produce, change and main it.

16. While distinct concepts, it must be recognised that cover results from the use of
land through economic activities and natural preessthe latter modified by human
activities or not. Consequently, the analysis afdl@over must take into account those
aspects of land use which are reflected in biopgtalsiover.

17. Each country or jurisdiction will have its own damant types of land use and land
cover. For example, in terms of land cover, argitls forest tree cover may be of major
importance for most countries but forest typeseattiffonsiderably from one region to the
other in terms of composition or density. Areashwiermanent glaciers and snow are not
present in many countries. Consequently, the btaad categorizations may require more
detailed supplementation for national purposesrdento highlight particular geophysical
and biological features and meet information reguients.

18. The international standard for land cover for actong will therefore remain fairly
simple while streamlining and guiding the developinaf further detail required for
characterising the variety of situations which tefiom geography and climate. This
possibility of combining rigour and flexibility immade possible by the use of the LCCS3
classification tool.

L and use classification

19. The land use classification is an essential elermehbtidging its use for economic
activities and ecosystems of socio-ecological laagss. In theory, while each parcel of land
is characterised by a typical land cover, it cappsut a variety of uses such as agriculture
production of crops, conservation of natural specierecreational use.

20. Land has to be understood in its multi-functionadgmtial with the economic use of land
being an important link of the relation between dtenomy and the environment. This
economic use of land should be considered as a&soba broader category called land use
functions or land functions. These multiple landdtions of a single land cover unit
correspond closely to the ecosystem services alid&iecorded with them. Therefore, the
classification of land use for accounting will feacan main economic uses.



21. The land use classification is composed of fourlbroategories and 12 high level
classes. The four categories are cultivated, faedtaguacultural land, built-up and related
land, water areas and land not in use. The landlassification provides additional
breakdowns of cultivated, forest and aquacultuaxatlland water areas particularly as it
concerns the types of crops grown in agriculturaeba. The land use classification is
provided in tablel and its full classification witthe descriptions of classes is presented in
Annex Xx.x.

Table 1 Land Use Classification

Code Level 1 Level 2

Cultivated, Forest and Aquacultural land

Agricultural land

Forests and other wooded land

Land with aquaculture facilities

Built-up and related land

Land used for mining and quarrying

Land used for construction

Land used for manufacturing

Land used for technical infrastructure

Land use for commercial, financial and public
services

Land developed for recreational purposes

Residential areas

Land not in use

Land for conservation and environmental protectic

Other

Water bodies

Inland waters

Marine waters

22. The area of land not in use should represent duwakito ensure that the aggregate
area of land classified according to the land uassification aligns with the total terrestrial
land and water area within a given economic tenyito

23.Land in use should generally be able to be diredlgted to economic activity of some
type, including the owner-occupied dwellings thrbuagywnership or renting. Land not in
economic use may include land that has been s#¢ &si conservation and environmental
protection purposes. This land should be clearnidied within this broad category.

24.In some cases the land may support multiple uséseagame time or, over an accounting
period the same area of land may be used for éifteuses at different times. In these cases,
the principle is that the primary or dominant ueewdd be recorded in terms of ensuring that
all of the land area within a territory has beetmilaited. At the same time, there may be



strong analytical interest in understanding thegeaaf multiple uses and compilers should
take this interest into account in developing lacdounts.

L and cover classification

25. The primary objective of the land cover classifioatis to facilitate the recording and
accounting of the changes inferred by socio-econanitivities and natural processes at
different levels of aggregations, the local, regiband global level.

26. The land cover classification must inform the melvanges that summarise interactions
between human society and nature. Such changaeslzaa sprawl and development of
infrastructures (converting agriculture and natdaald), intensification and industrialisation
of agriculture (converting family farming and moséandscapes that combine developed
and natural land), extension of agriculture in gahéconverting forests and marginal land),
abandonment of agricultural land, drainage of wetka, deforestation (for timber
production and or agriculture development), affeagen and desertification.

27.The conversion of or change in land coneeds to be accounted for in the land cover
classification. As a consequence, details on véigetan the land cover classification will be
included only if they matter for capturing the inmfant land cover change.

28. For environmental accounting purposes, it is panamoo define land cover in terms of
land cover functional unitdhat can be mapped, related to basic producticatofystem
services (e.g. crops, timber or useable water)ande same time be used as building blocks
to map the socio-ecological systems where suchEmare generated over time by
conjunction of natural and socio-economic procesthkese complex systems are defined for
accounting as landscape units composed of landrdametional units and called socio-
ecological landscape units (SELU).

Implementation of the land cover classification for ecosystem accounting

29. The detailed land cover nomenclature for ecosysteoounting and its complete
definition in terms of LCCS3 building blocks andrédutes will be presented in the
(forthcoming) Annex to this Chapter. The buildinigpdks themselves are presented at this
stage as long as they are the starting point ofadlngr land cover classification, for example
for the purpose of describing a particular nataisdet.

30. The LCCS3 methodology will not be presented hendy the general principles, which
support the process of classification.

31. The systematic description of land cover can beartaddescribing basic vegetal and
abiotic objectstheir characteristic6or the vegetal objects: grass, shrubs or trigghe
abiotic objects: mineral, water or snowl/ice), th@iopertieqe.g. tree types, managed or
non-managed) and the spatial pattemiich reflect the way these basic objects ararayed
on land. The way landscapes should be describetingtdrom basic objects, their




characteristics, properties and spatial pattersshien established as a meta language and a
software so-called Land Cover Classification Sys{e@CS3}.

32.LCCS3 acknowledges that a cartographic legendspatistical nomenclature needs to
meet the requirements of its users and reflechtbke diversity of situations, which leads to
establish specific land classifications for specgurposes. At the same time, the
geographical information systems and internet deowaan exponential development of
applications as long as geographical data of diffenature are interoperable, which means
that they can be overlaid using a GIS and theiwrim&ation cross analysed on every point of
the territory. This requires harmonisation of tlemetry (facilitated by the modern
software packages as well as by the referencetédlismimages), geo-referencing of the in
situ observations (using GPS) and some standaralisat the classification of land.

33.In order to achieve the highest result in the cxinté buoyant development of
geographical databases driven by specific need§3 @efines a strict set of rules and a
meta language to keep track in the classificatibthe primary observation and avoid risks

of confusion when different sources are used inmaréicular application. For that purpose,
the basic bio-physical objects and derived landecaypes are scale-independent (a tree is a
tree, whatever the scale...).

34. The “real world” to be mapped is, however, covebgdountless combinations of
vegetal and abiotic objects more or less intenginehnaged. The common language
describes accordingly geographical areas, nameardiog to their natural vegetation (like
forests, scrubland, heathland, grassland, cropdagdmarshes), or to natural absence of
vegetation (sand, rocks, glaciers, water bodiesheir artificial character (built-up areas).
Many situations are expressed as composite of neredrs or landscape mosaics. The
classification established for ecosystem accountiungoses will describe in a strict way
how these mappable units are defined in terms pfobdd, their characteristics and properties
as well as of horizontal patterns of their spagimhngements.

Definition and classification of land cover types

35. The stepwise definition of the land cover functibuaits for accounting starts from the
definition and classification of the scale indepemidland cover types which reflect the
combination and characterisation of the basic dbjec

36. The following land cover types classification h&eb adopted for accounting purposes.
The classification is presented in Table 2

3 Ref. FAO



Table 2 Classification of Land Cover Types

Code

A Herbaceous crop

Al Herbaceous crop/ Small size fields rainfed (k&)

A2 Herbaceous crop/ Medium to large size fieldsfed
A3 Herbaceous crop/ Medium to large size fieldggimted
B Tree or shrub crop

C Multiple or layered crop

D Tree covered area

E Shrub covered area

F Herb covered area

G Sparse natural vegetation (terrestrial/aquatic/i@ly flooded)
H Aquatic or regularly flooded tree covered area

I Aquatic or regularly flooded shrub or herb covderea
J Bare areas (terrestrial or regularly flooded)

K Artificial surfaces and associated areas

L Inland water bodies

M Glacier and perennial snow

38. For agriculture, three subdivisions have bekted for capturing major environmental
aspects related to size of farms and resultingsieenque (classes Al for small fields vs. A2+A3 for
medium and large ones) and to identify irrigated imoded crops, which are at the same time
major consumers of water and emitter of methamegjar greenhouse gas.

Classification of mappable land cover functional units (L CFU)

39. Aland cover functional unit produces goodd s@rvices from a homogeneous land area that
functionally forms a typical cluster of spatialagbnships of objects, characteristics and
properties of land. The building blocks of tablarg arranged over space according to established
patterns. The mappable classes are defined thérehei LCCS3 tool. In particular, composite
land cover units are documented in terms of contiposdf main and secondary objects. One
particular example of composite land cover funaiamit is urban and associated developed
areas which include de facto significant amountsesbaceous and tree vegetation (green urban
areas, tree alignments alongside avenues and)strekin some cases of water surfaces. Another
examples is the grouping of objects from “AlHerdsacs crop/ Small size fields rainfed (< 2

ha)” with other objects (trees, shrubs, water)rofeo to compose mosaic agriculture landscapes.
Another example is with the creation of a classated “forest tree cover” grouping most

objects of types D and H.

40. The nomenclature of mappable land cover functiamits (LCFU) is defined as an
application of the classification of basic objebisland cover types. The complete definition



of the classification of LCFU is described in therfex to this Chapter. The main categories
presented in Table 3 aim on the one hand at pradustiandard land cover change accounts.
The categories have been selected in order to madecthat the most important changes are
recorded. On the other hand, mapped LCFUs are asedmponents of the concrete
definition of socio-ecological landscape units.

Table 3 Classification of Land Cover Functional Units (L CFU)

01 Urban and associated developed areas

02 Medium to large fields rainfed herbaceous cnagla
03 Medium to large fields irrigated herbaceous Eng
04 Permanent crops, agriculture plantations

05 Agriculture associations and mosaics

06 Pastures and natural grassland

07 Forest tree cover

08 Shrubland, bushland, heathland

09 Sparsely vegetated areas

10 Natural vegetation associations and mosaics

11 Barren land

12 Permanent snow and glaciers

13 Open wetlands

14 Inland water bodies

15 Coastal water bodies

16 Sea (pro memory)

41.These 15 main categories are the core classifitatos which sub categories can be
flexibly developed according to the various useesds at the national/ regional levels or
for sector applications (e.g. forests or agricidtaub-classes).

Other possible classifications of land area

42.In addition to classifying land areas by land coaed land use, it may be of interest to
classify land area by ownership or by industriahaty. If so, land ownership would be
usefully classified using the institutional secttassification of the 2008 SNA and land area
by industrial activity would be usefully classifiby ISIC. Use of these classifications
would allow connection to macroeconomic data suckextor balance sheets and
productivity statistics.

Physical asset accountsfor land (and associated surface water)

43.The objective of land accounts in physical term®idescribe the area of land (stocks)
and its changes during an accounting period. Larvéicaccounts have to be distinguished
in that respect form land use accounts.

44.Land cover accounts supply basic information onveosion of existing cover and
formation of new cover. Such changes or flows gfitzd relate to major environmental
issues: urban sprawl and development of infrastinest (conversion of agriculture and
natural land), intensification and industrialisatiof agriculture (conversion of family



farming and mosaic landscapes), extension of alguieiin general (conversion of forests
and marginal land), drainage of wetlands, defotastgfor timber production and or
agriculture development), reforestation and afftatign (to reverse the effects of clearing
and deforestation, desertification (at the exparidermerly vegetated areas).

45.The experience in accounting for land cover chathags allow for broad categorised by
a limited number of causes of change in new lanecaccount. Further detail can be added
to refine the broad categories of land cover chakge example, conversions of natural land
to agriculture can be subdivided according to thpetof crops developed (formation) or to
the natural ecosystems converted or both, withddtray a priori such details in the
classification of land cover change.

46.In that perspective of combinatory use of geoddta,simple classification of changes is
rather straightforward. Examples can be found slf?\CC/LULUCF guidelin€'s as well as

in the land cover accounts regularly produced bsoBean Environment AgentyBoth
classifications describe changes between broadetadhe EEA names them flows.
LULUCF names them conversions when the EEA defftegs of cover. In addition, the
EEA classification recognises “internal conversiowghin urban, agricultural and forested
land.

47. The classification of the land cover flows is preteel in Table 5.

Table 5 Nomenclature of land cover flows

LFO1 Urban sprawl and related development
LFO2 Land cover rotation within urban areas
LFO3 Conversion of land to agriculture

LFO4 Land cover rotation within agriculture
LFO5 Conversion of land to forest

LFO6 Land cover rotation within forested land

LFO7 Water bodies management

LFO8 Change due to natural and multiple causes

48.The land cover flows are related to the stocks tiey reduce (consumption of existing
cover) or accrue (formation of new cover). The msses that they describe or reveal relate
broadly changes in land use. The multiplicationh&fse dimensions gives a detailed
description of the land cover change.

4 http://www.ipcc-nggip.iges.or.jp/public/gpglulucfiglulucf files/Chp3/Chp3 1 Introduction.pdf

5 http://www.eea.europa.eu/publications/eea_repofic201
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Table 6 Example of land cover flow account

Units: hectares of km2

o o
Consumptien of land cover t0 Formation of &nd cover t1

Urban area

Broad pattern agriculture

Pastures and natural gras

Urban areas
Forest tree cover
Other natural land cover

Broad pattern agriculture
TOTAL

Agriculture mosaics
Pastures and natural gras
Foresttree cover

Other natural land cover
TOTAL

Agriculture mosaics

Stock t0

LFO1 |Urban sprawl and related development

LF02 |Land cover internal conversions of urban argas

LF03 |Conversion of land to agricutture

LF04 |Land cover internal conversions of agricultur

4]

LFO5 |Conversion of land to forest

LF06 |Land cover internal conversions of forested |an

LFO7 |Water bodies creation and management

LF08 |Change due to natural and multiple causes

Stock t1

TOTAL

Land use accounts
49.Land use accounts can refer to the surface usamtbe uses themselves.

50.Land accounts of used surfaces follow the samedvaonk as land cover accounts from
which they differ regarding the details in land sis&nd changes classification.

51.Land use being observed by field surveys (surveyand owners or users, area
sampling) or combination of field surveys and reens¢énsing is generally described with
much more detail than land cover. It can includeseixample details of land surfaces by
types of crops or use by purposes such as leismganic farming, bio-fuel production,
nature conservation and other management purposes.

52.Land use monitoring allows as well describing sfie@ittributes of land use such as
purpose of buildings (housing, services, governimate), yields by types of crops,
farming practices, livestock in pastures, managdroéforest territory, traffic on roads or
tourists on beaches. In every cases, specific measnt units will be needed and accounts
will be presented in quantities/hectare or by kmclsaccounts are an important step for
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assessing ecosystem services and should be ebtabhs the most detailed level allowed by
the survey methodology, e.g. municipality, farmamd parcel.

53.Land cover flows are grouped by processes broadhtad to land use: urban sprawl,
agriculture internal conversions, water bodies tto®aand management.

54. The detail of the land use related informationwBas well more specific description of
land use change.

55. While various economic actors may use the same ¢ypend cover (typically, the urban
areas), land uses are closely related to spedifivifes. Land use accounts are prone at
being developed at the same time by land unitd(les®e units or/and land cover functional
units) and by economic units (establishments).
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