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Executive Summary

Land use and its change impact food security, carbon cycling, arstkgrets and their features
among othersLand use andssociatecchangednfluence the integrity of ecosystems and our
natural capital, which in turn are directly associated to a healthy environment and human well
being.

In order to support and guide poli actions acting between economy and environment,
harmonized datasets, transparent methodologies and easily interpretable statistics are essential
elements.The complex interaction between elements of natural capital also calls for a coherent
approach tdfacilitate the understanding of the coupled humanvironment systemTherefore,
monitoring of the structure and condition of ecosystems and their trends, along with properly
agreed methodologies are urgently needed.

Land and Ecosystem Accounting (LEAGniI EEA initiativevhich ispart of EEA’s geospatial
environmental accounting system. Methods are in line with the framework of the UN System of
Environmental Economic AccountingCentral Framework (SEEA 201 which provides

internationally agreed stndards for measuring the environment and its relationship with the

economy. Tie EEA LEAC approach also supports the calculati®@tasystemaccountsas

proposed by the guidance issued by the United Nations\S#afi A O& 5 S EdpeXidieitsly & 2y W
EcosystenAccounting(SEEAEA). This provides opportunity foan integrated measurement

of trendsfor individual environmental assets within a given spatial aegoroposed by the

Ecosystem Natural Capital Accou(ENCAframework (UNCBD, 2014).

The present reportiescribesEEA’s approach fproducingland accounts using geospatial data
and providing statistical information in land cover and land use status and changes. After the
introduction of the accounting concept, EEA’s accounting infrastrec the Joint
Environmental Data Infrastructure together with its data cube concept are presented. The
report thendescribes the Corine Land Cover dataset which presently serves as a basis for the
longterm land accounting reports of the EEFis is fdbwed by the presentation ohteractive
dashboardgo illustrate how accounting statistics can be brought to the user. Finally, the land
accounting method is explained on the basigxdmples foagricultural land use, forest land

and urban areas

The concepts and methods presented in this report are flexible and may be wibdany
categorical geospatial data. See EEA’s released accounting databases below:

LAND ACCOUNTS 240138

LAND TAKE ACCOUNTS 2003

LAND RECYCLING ACCOUNT&Q0P6
SOIL SEALING ACCOUNTSZIHs
NATURA2000 LAND COVER ACCOUNTS
FLOODPLAIN LAND ACCOUNTS

2 https://seea.un.org/
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1 Introduction
1.1 Land in key policy processes

Land is a unique environmental asset that delineates the space in which economic activities and
environmental processes take place and within which environmental assets and economic assets are
locateck. Understanding the status and changieland coverandland use andts impact on natural capital

is therefore required by many policy processerhis is clearly stated ithe 7th Environmental Action
Programmeof the European Unio(vth EAP), in péicular underPriority 1on Wlaintaining natural capit&

and Priority 5 which sets targets tancrease the knowledge about environment and widke evidence

base for policyWhilethe EU Biodiversitairategy 2020 akady formulated the neeébr anintegration of
geospatial datathe new EU Biodiversity Strategy 2030 repehts needimplicitly in the context ofthe

new EU Nature Restoration Plan aoglthe intent toput in place a monitoring and review mechanjsm
including a clear set of indicator

Land cover and land use status and change are important elements to inform the development and
implementation of policieshat deal with the management of our land resources, suckagriculture,

forestry, biodiversityand climate policiesor regional planning. Land cover status and change statistics are
Ffa2 ySSRSR (2 | RRNBaa GKS ay?2 yASitegtatedmanagdmernd ¢ o &
of natural capital is also a key target of other EU environmental policies, such as theesteie (i.e.Birds

and Habitats Directivg), water (Water Framework Directive) and marine (Marine Strategy Framework
Directive)whichare alsoaimingat integrationwith sectoralpolicies anchbroader assessment of systemic

challengesegarding ecosysta management

Although a binding legislative mechanism for the sustainable management of land at the level of the
European Union (EU) is lauly (FrelinLarsen et a).2017) the sustainable management of land is crucial

to ensurethat land continues tgrovide its functions now and in the futur&omeEU policies already
frame conditiors for landuse, e.gthe Common Agricultural Polic@therswill affectit increasinglyin the
coming years, including a new EU regulation for {aadged carbon accountinganduse, landuse change

and forestry- LULUCFand EUrenewable energyand climategoals At the same time a wide range of EU
environmentalpolicies have a major stake in land management, for exatmglée=U Biodiversity Strategy
with its target to $haintain and restore ecosystesand their serviceLand system concedEEA, 2018).

At international level, with the adoption of the UN Sustainable Development Goals in 2016, European
countries which are party to the UNCCBnd the EU havexY YA GG SR (G KSyaSt @Sa G2
5SANI RFGA2Y bSdziNItAGE&Q 6] 5b0 0RGR0. Thk Sokrésponting IO S I
target is target 15 onlantb A LINR 1 SOG > NBaG2NB YR LINRY2GS adzadl ;
sustainablymanage forests, combat desertification, and halt and reverse land degradation and halt

0 A2 RA @S NMdrébeer, the2{&5alE o0+ NBES (G ™ By 2020 Ligteyliatdetosyst&m andi
biodiversity values into national and local planning, development processes, poverty reduction strategies

' YR | OQRetingriatiohadSystem of Environment@iconomic Accounting (SEEA key reporting
framework for these targets anaf a better ecosystem management in general. It comprises inter alia
A0FYRFNRA 2y tFYR FYR 6FGSN) FOO2dzyGAy3s Lldzot AAKSFE
ecosystem accounting (SEEA EEA), which will be updated by 2021.

(%) https://seea.un.org/sites/seea.un.orgffiles/seea_cf_final_en.pdf
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https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fsdg.humanrights.dk%2Fen%2Ftargets2%3Ftarget%3D15.9&data=02%7C01%7CEva.Ivits-Wasser%40eea.europa.eu%7Cb03e82deb63049d179f708d7b94611b7%7Cbe2e7beab4934de5bbc58b4a6a235600%7C1%7C0%7C637181582902436887&sdata=MtU7vXEQiUGRimTUauI4ngarz0z7EM63n976kkJayjA%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fsdg.humanrights.dk%2Fen%2Ftargets2%3Ftarget%3D15.9&data=02%7C01%7CEva.Ivits-Wasser%40eea.europa.eu%7Cb03e82deb63049d179f708d7b94611b7%7Cbe2e7beab4934de5bbc58b4a6a235600%7C1%7C0%7C637181582902436887&sdata=MtU7vXEQiUGRimTUauI4ngarz0z7EM63n976kkJayjA%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fsdg.humanrights.dk%2Fen%2Ftargets2%3Ftarget%3D15.9&data=02%7C01%7CEva.Ivits-Wasser%40eea.europa.eu%7Cb03e82deb63049d179f708d7b94611b7%7Cbe2e7beab4934de5bbc58b4a6a235600%7C1%7C0%7C637181582902436887&sdata=MtU7vXEQiUGRimTUauI4ngarz0z7EM63n976kkJayjA%3D&reserved=0
https://seea.un.org/sites/seea.un.org/files/seea_cf_final_en.pdf

1.2 Monitoring o landand ecosystemasnatural capital

The natural capital (next to manufactured, human and social capitals) provides the basic conditions for
human existence (SOER EEA, 2018)dlvided into two main components: ecosystem capital and abiotic
components. Different components of natural dapican be classified according to a number of criteria,
e.g. whether they depletable, able to se#figenerate, resilient etc. Ecosystem capital is generally
considered to be the most vulnerab{EEA, 2019Productive land and fertile soil are part of ahared
natural capital. Appropriate management of land and soil is therefore fundamental for sustainable
resource use and the delivery of ecosystem services (SOER, 2020).

The complex interactiabetween different elements of natural capital anduman ®ciety calls for a
coherent approach to understand the coupled hurmvironment systemLand use and its change
impact food security, carbon cycling, andter cycles, among otherkand use and changes influence the
integrity of ecosystems and our natdieapital, which in turmunderpin a wide range of ecosystem services
andultimatelyhuman wellbeing.In orderto understand and tacklanthropogenic impacts on ecosystems
spatially explicit information on the extent and changes of land associated ecgstemsis a crucial
piece of knowledgeThis monitoringnustbe supported by quantitative, robust, reliable and comparable
methods to map the condition and degradation of ecosysteand their services and thus supplying a
standardized framework for ecosgsh assessment and accounting

In the EU, the analysis of the links between natural capital and human economy arbeingllis
supported bythe EU INCA project artle MAES initiativéMapping and Assessment of Ecosystems and
their Servicesynder the EU Biodiversity Strategy to 2020. This initiative brings together EU bodies and
Member State organisations to map and assess European ecosystems and their dmasemona
conceptual framework for EMide ecosystem assessmeiitieanalytical goal is to measuréhe state of
biodiversity and ecosystems atalevaluate the level of ecosystem services provided to pedpies. would

show the connections between the environment and the economy (economic sectors) by considering the
ecosystems from whkh the services are derived and the different benefits to human society that are
affected by changes in the supply of services (Maes et al., 2013).
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1.3 Landand ecosystems the accounting framework

Land and Ecosystem Accounting (LEAC)ni&EA initiative aiming to build and apply a European
accounting systenfior land and ecosystem@&EA, 2006). This wobkiilds onthe framework of the UN
System of Environmental Economic Accountim@entral Framework (SEEA 2012), which provides
internationally agreed standards for measuring the environment and its relationship with the economy.
Together with the Experimental Ecosystem Accol@EEAEA) these methods integrate individual
environmental assets within a given spatial ardhe support that the LEAC pproach providesor
ecosystem accounting is describedthe Wwick start package for Ecosystem Natural Capital Acc@unts
(ENCA@BD, 2014)Additional work of the EEA on ecosystem accounts, water accopiité marine
accounts etcis set out in EEA report No 26/2018 (EEA, 2019).

Work on environmental accounts in the European Union is based on EU Regulation No 691/2011 on
Europea Environmental economic accourits This is complemented byhé European strategy for
environmental accounts for 2019 to 2023vhich is a programme of further work agreed by the
Commission (Eurostat) and the Member States and adopted by the Europeasti&htSystem
Committee. This strategy coordinates European efforts and paves the way for possible new nitiakiles.
EUlevel INCA project (Commission, 2019) is a cooperation between several partners in the European
Commission and the EEA to test and impdait a system for integrated natural capital accounting within

the SEEAEA. Together with ongoing initiatives at coudayel they provide a platform for the further
development of ecosystem accounting within the EU statistical system.

The European LEAlatabaseprovides the basis for European land accounts. It quantifies the land cover
extent as stocks and changes (increase and decrease in the extent) as flows betwdenesstep to
another.The LEAC databaisebased on the Copernicus CORINE Laner@ata series available for every

6 years between 2000 and 201Bttps://land.copernicus.eu/pareuropean/corineland-cover. The first

EU 1992000 land accountasing theLEAC databaseere produced for 24 countries by the EEA on the
basis of CORINE Land Cover data. Theg beerupdated for 2006, 2012s well agor 2018(for the 39

EEA countrigsn 2019.

Additionally, tre LEAC database was adopted as the common starting point to generate European
ecosystem extent accounts in the EU profddtAESand INCAEcosystem extent accountse the same

logic adland accountdo quantify the extent andnagnitude ofchange of diffeent ecosystem types, in
various spatial aggregations (e.g. Natura 2000 areas). The reclassification of CLC classes ighmsed on
MAES ecosystem typology (tier 1) antierarchicaselection of CL€Elass groupings and individual level 3
classes (tier Hnd tier Il) to generate ecosystem extent accounts for 2000, 2006, and 2012 (Natural Capital
Accounting EEA, 2019and for 2018 updated i2020

?3) https://seea.un.org/
4 https://eur-lex.europa.eu/legatontent/EN/TXT/?uri=CELEX:02011R689140616
(5) https://ec.europa.eu/eurostat/documents/1798247/6191525/European+Strategy+

for+Environmental+Accounts/
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1.4 Anefficient land and ecosystem accounting system

Thedevelopment ofthe EEAand and ecosystem accounting system began nearly two decades ago with

Fdzf f YSGK2R2t23A0Ff R20dzySyidl dAazy 2F GKS | LILINEI O
1990¢ H n n n Q 2008 Sinc& that periodite EEA hmpublishedvarious other lad and ecosystem
accountingeports andaccounting data bases.

At the same time the need to better manage land and ecosystem resources is as pressing as ever, and the
pressures on our natural capital from climate change, biodiversity loss andesmmomic trendsare only
increasing. Fortunately, our capacity monitor trends in natural capital via earth observation is also
increasing, in particular via theUECopernicus programme. This requires tkdevelopment and
implementtion ofa more efficient lancnd ecosystem accounting systeémconnect policy information

needs with adequate analytical tools.

This document is one of several released by the EEA and ETC/ULS in 2020 to document the methodological
and analytical advances in the EEA land and eaarsyatcounting systenit. focuses on the describing the

data foundation and the accounting infrastructure that underpinseffecientgeo-spatialaccounting tools
employed by EEA and ETC/ULBIs is complemented by illustrative examples of how land adowun
methods can support the analysis of environmental pressures arising from land use sectors and land use
change. Like the earliest EEA outputs in this domain, this publication is meant to document accounting
methods developed at the EEA in support ofjoimginternationalprocesses that aim to develop coherent

global frameworks, methodsnd standards for land and ecosystem accounting, in particular within the UN
system of environmentaéconomic accounting (see above)
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2 Methodologcal background
2.1 Introduction

The previous section has described the environmental and policy context for land and ecosystem
accounting andntroduced the UN System of EnvironmenrEdonomic Accounting which provides the

overall methodologicalrame for the work described in this repo\ simmary description of the SEEA

FNI YSg2N)y OFy 06S F2dzyR Ay (KS NBtOESiy supplrof poligys LI2 NJi
YIETAY3AQ 699 |EEA reparts Havedeviewedtheuse Niithe land accounting method for tracking
fryRaoOlFLIS aortS OKIy3Sa EBAYPRILT RudOdedcibad the ylogich addl y & A
methodological detail of EEArd accounts (EEA, 2006). The latter report provides a comprehensive and

still relevant description of the setp of theEEA land and ecosystem accounting approach. It also contains

a detailed description of the land cover flow matviich has been reviegd and brough up-to-date

during the last two yearslhis limited update of the land cover flow matrix has been implemented in the

EEA land and ecosystem accounting dashboards during the summer of 2020 and is désdfilied

chapter.

This chapter preserts key conceptsand termswhich are part of the land accountirapproach (section
2.2), reviewsthe main land cover groupings that underpin the LEAC approach (secticend.dgscribes
the revised land cover flow matrix (section 2.4)

2.2 Keyconcepts and terms of land and ecosystem accounting

Accounting:Accounting is a term related to the financial world which refers to the systematic process of
identifying, recording, measuring, classifying, verifying, summarizing, interpreting and coratmgic
financial information. It reveals profit or loss for a given period, and the value and nature of a firm's assets,
liabilities and owners' equify

LEACLEAGstands for Land and Ecosystem Accounti@agystem that was developed by the EEA as a
contributontot KS ! b Q& LYy GS3INIGSR {2aidaSyYy 27 ".atyegannNiidy YSy (|
land cover accountand is meant to be complementdoly land use accounts (in linkage to social and
economic functions)The EEA LEAC approach also supportdekelopment and calculation of European
ecosystemextentaccountsand the recording of ecosystem trends under the EU MAES project

Land (cover) accountindn the case of land accountinghat is accounted for is the area occupied by each
land cover class over time, including gains, losses and transfers or flows between LC classes. Land accounts,
like those for other types of environmental assets, seek to describe how resource stocks okangime

in a consistent and systematic way. By doing this, the implications of those changes can better be
understood. The cover of land is not, however, simply an attribute or quality of land, but a concrete set of
natural and anthropogenic featurekat largely results from its use. A given land cover can be modified,
degraded or destroyed (consumed) and a new type generated. As such, the consumption and formation
of land cover is very similar to the transformation of capital goods in the econonge Bimd cannot, in
general terms, be created or destroyed (with the notable exceptions such as coastal erosion and
accretion), land cover change can generally be characterised in terms of different types of flows between
land cover types (EEA, 2006).

1 Consumption it is understood as the loss of a specific land cover class by conversion to any other
classes over time.

(6) Business dictionanhftp://ww w.businessdictionary.com/definition/accounting.html
() https://seea.un.org/content/landaccounts
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9 Formation it is understood as the gain of a specific land cover class by conversion from any other
classes over time.

9 Balance the difference between formation and consumption for a specific land cover class over
time.

1 Turnover the amount of change over time.
1 Land cover stockthe amount of land cover existirgg a specific time.
1 Land cover change specific transition from one ldrcover class to another over time.

1 Land cover flowa set of land cover changes grouped by a specific process by which those changes
have occurred.

9 CLC accounting layerspecific land cover stock layers made for the purpose of accounting. They are
built from the CLC stock layers and the CLC change layers over time. Due to the different MMU
between CLC stock (25 ha) and change (5 ha) layers, the stock and change layers are combined into
the CLC accounting layers product. Further details are provid@ugipter 3

1 LEAC codeslternative land cover codirgpitable foraccounting purposes. The equivalences
between CLC and LEAC codes are provid&dte 2-1.

1 MAES codesalternative land cover codingeveloped foraccounting for MAES purposes. The
equivalences between CLC and MAES codes are providiat)eR-2.

1 JEDIJoint Environmental Data InfrastructuteEA systeminfrastructure for building data cubes
especially made for lanaind ecosystenaccounting.
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2.3 Thegroupingof CL&lassedor accountingn LEAC and MAES

2.3.1 Structure olLEAC classeésiilt on Corine Land Cover

The nomenclature of the CLC datagstdepicted in table 2ZZLCdvel 3asthe most detailed levehas44
classesthere arel5 intermediate classes atvel 2 and five broad classes at leveAdcounting for land
cover changecan in principle be implemented for individual level 3 land cover cladsse®or ease of
interpretation and efficiency a differemass combination is use@LCdvel 1 and 2 classes are combined
into 8 new groupsthe so called LEAC (Land &wbsystems Accounting) categories.

Thepurpose of the LEAC (Land and Ecosystems Accounting) categories is to build up a structured system
for describing land cover changdsat groups CLC classes with similar land use and/or environmental
characteristics togetheiThe agriculture clader exampleis split intoWrable land and permanent crofs

and Wdstures and mosaic farmlandQ Forests are also split into two classéxénding foresé @nd
Wrainsitional woodlandand shrul® The latter mainly maps areas that have been recently felled or new
plantations. By treating them as part of a more general class of forested land, normal forest rotations are
not confused with the losseor gains of woodland that come about through deforestation or afforestation
(EEA report no 11/20067 he structure of the current LEAC groupings and their link to CLC level 3 classes
is set out inTale 2-1 below. In addition,Figure2--2 mapsCLC level 3 and LEAC 2B nonaturs for

comparison purposes.

Talde 2-1 Aggregation used for land cover accounts (LEAC classes)

LEAC groups

CLC classes

1 Artificial surfaces

1.

28  Arable land and permanent crops

21+22+241

2B Pastures and mosaic farmland

23+242+243+244

2B1 Pastures 2.3

2B2 Mosaic farmland 242+243+244
3A  Forests and transitional woodland shrub 3.1+324

3A1 Standing forests 3.1

3A2 Transitional woodland and shrub 3.2.4

3B Natural grassland, heathland, sclerophylous vegetation

3.2.1+3.22+3.23

3C  Open space with little or no vegetation

3.3

4 Wetlands

4,

5 Water bodies

5.
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CLC Level 3
I continuous urban fabric [ Non-irigated arable land [ Broad-eaved forest [ laciers and perpetual snow
[l oiscontinuous urban fabric [ Permanentl inigated land [ coniferous forest [ ntand marshes

I incustral or commercial units [ Rice fietas [ Mixed forest [ Peat bogs
[ Road and rail networks and associated land [ Vineyards [INatural grassiands [Isatt marshes
[ JPortareas [T Fittrees and berry plantations [ Moors and heathiand [ saiines
[ Airports [ oiive groves [ sclerophylious vegetation Intertidal flats
I vineral extraction sites [Pastures [_] Transitional woodiand-shrub [ Water courses

I oo sies ] Annual crops associated with permanent crops [IBeaches, dunes, sands [ water bodies
[ construcion sites ] complex cuttvation pattems [JBare rocks [ coastal lagoons
[ Green urban areas [ Land principally occupied by agriculture, with significant areas of natural vegetation [ Sparsely vegetated areas [ ] Estaries
[ sportand leisure facilities [ Agro-orestry areas I ot areas [)seaandocean
[Inopata

v *

LEAC Level 2B

[JArable land & permanent crops [__] Mosaic farmland [ Pastures [ Water bodies
B Artificial areas [INatural grassland, heathland, sclerophylous vegetation [__] Standing forests [ Wetlands
I Artificial surfaces [ Open space with littie or no vegetation [JTransitional woodland & shrub

Figure2--1 CLC level 3 and LEAC level 2B nomenclatures for the same extent
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2.3.2 MAES classes

cC2ft2gAy3a GKS YI yRI (S8 teFfWoskingGioup ok Rdpping Snd Askdssnent af NI §
Ecosystems and their Services (MAEES)been setip to co-ordinatethe mappingand assessent ofthe

state of ecosystems and their serviasEUlevel. To this purpose, and in order to be able to account for
changes in ecosystems, a correspondence in form of a reclassification was created between CLC classes
and the secalled MAES ecosystem typ&sable2-2 shows this correspondence.

Table2-2: Correspondence between CLC classes and MAES ecosystem types
Note: In the EEA ecosystem extent accounting approach (2020, forthcoming) the CLC class 3.3.4 is no longer
allocated to an ecosystem type as it is a transitory state rather than an inherent ecosystem characteristic.
Source: MAES et al., 2013.
CLC Lavel 1 CLC Laval 2 CLC Lavel 3 Y 2“

1. Artificial surfaces

1.1. Urban fabric

1.1.1. Continuous urban fabric

112 Discontinuous urban fabnc

1.2, Industnal, commerdal and

transport units

121 Industnal or commercal units

122 Road and rail networks and associated land

123 Port areas

124 Airports

1.3 Mine, dump and construction
sites

131 Mineral extrachion sites

132 Dump sites

1.3.3. Construction sites

14 Arihioal non-agnoultural
vegetated arsas

141 Green urban areas

142 Sport and leisure facilites

2. Agricultural areas

2.1 Arable land

211 MNon-imgated arable land

2.1.2. Permanently irrigated land

2.1 % Rice fields

2.2. Permanent crops

221 Vineyards

Cropland

2.2 2. Fruit trees and berry plantations

223 Olive groves

2.3 Pastures

23.1. Pastures

Graszland

2.4, Heterogeneous agricultural
areas

241 Annual crops associated with permanent crops

242 Complex cultivation pattemns

243 Land prnnapally occupied by agnoulture, with
significant areas of natural vegetation

Cropland

244 Agro-forestry areas

3. Forests and semi-
natural areas

3.1. Forests

3.1.1. Broad-leaved forest

312 Coniferous forest

3.1.3. Mixed forest

3.2. Shrub and/or herbaceous
vegetation association

321 Natural grassland

322 Moors and heathland

323, Sclerophyllous vegetation

32 4 Transitional woodland shrub

3.3. Open spaces with little or no
vegetation

3.3.1. Beaches, dunes, and sand plains

332 Bare rock

3.33. Sparsely vegetated areas

Sparsely vegetated land

334 Bumt areas

3.35. Glacers and perpetual snow

4 Wetlands

4.1 Inland wetlands

411 Inland marshes

4172 Peatbogs

Wetlands

47 Coastal wetlands

437 1. Salt marshes

422 Sabnes

423 Intertidal flats

5. Water bodies

5.1 Inland waters

5.1.1 Water courses

5.1.2 Water bodies

5.2 Marine waters

521 Coastal lagoons

522 Estuaries

523 Sea and ocean

®

EU Biodiversity Strategy to 2024tp://ec.europa.eu/environment/nature/biodiversity/strategy/index_en.htm
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2.1.2 The LCF mntax

When it comes to land cover changes between two observation periods, the concept of Land Cover Flows

(LCFs) has beelevelopel to facilitate transparent accounting. The number of potential unique land cover
changes idarge (44*43 = 1,892)therefore grouping them into change categories, i.e. flows, is a good

solution for transparent assessments. L@Fesdefined using a hierarchical structure up to three levels,
describing different processes of land cover or land use cha@gmeral LCF matrices miag derived,

dependent on user needs. These matrices are used as Look Up Tables in the accounting infrastructure of
EEA's Integrated Data Platform (see Chapter 4). Below is an example of a possible grouping of land cover
flows atlevel 1lhierarchy

1

T

LCFZ Urban land managementinternal transformation of urban areas.

LCF2 Urban residential expansionLand uptake by residential buildings altogether with associated
services and urban infrastructure (classified in CLC111 and 112) froorivem land(extension over
sea may happen).

LCF3 Expansion of economic sites and infrastructurésand uptake by new economic sites and
infrastructures (including sport and leisure facilities) from wuvhan land (extension over sea may
happen).

LCF4 Agriculture internal conversionsConversion between farming types. Rotation between
annual crops is not monitored by CLC.

LCF5 Conversion from other land cover to agricultur&yansion of agriculture land use.

LCF®6 Increase in forest land cover and other sématural areas Farmland abandonment and
other conversions from agriculture activiby othersin favour of forests oseminatural land.

LCF*# Forest internal land cover change€bnversions between forest classes or between
transtional woodland and shrubs and forest

LCF8 Water body and wetland creation and managemer@reation of damgeservoirsand
wetlands,and possible consequences of the management of the water resource on the water
surface area.

LCF9 Changes of land cover due to natural and multiple causébanges in land cover resulting
from natural phenomena with or without any human influengéus rare or notapplicable changes

Figure2--2 and Figure2--3presenta [ / CHY 'NSSB A RSy G Al SELI yarzyé

FYR &KNUz0 2y F3ANAROdz GdzNI f FNBF&€d ¢KS mnnanyY aLdk i

resolution for visualisation purposes.
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Urban residential
expansion, LCF2
ha/5km2

[ ]1-8
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[Jo-15 5]
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[ |Nochange fj
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Figure2--2 LCF2: Urban residential expansi@d00-2018.
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Expansion of forest and
shrub on agricultural area
ha/5km2

[ ] Outside coverage
[ ]Nochange
0-45
46 - 139
140 - 308
I 309 - 606
I 507 - 1328

2

Azores Is.

v L

O ﬂ 0 L K/\

Madeira Is.| - 9 \ 590 1090 00 km
T |

Figure2--3 LCF@ ¢ Expansion of forest and shrub on agricultural ar2@00-2018, EE/S9.

The LCF matrixsed forthe maps ébovecan be explored iANNEX 1Matrix of Land Cover Flows , whereas
the definition of the different land cover flows is included in ANNERé&finition of Land Cover Flows
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3 Datasets for land accounts

The CORINE Land Cover (CLC) datasets are pra&incetl986 for European countries. Altogether five
mapping inventorieshave beenimplemented in this period. Theskave produced five status layers
(CLC1990, CLC2000, CLC2006, CLC2012, CLC2018) anecfmamdel(CLCC) layers for the corresponding
periods (1992000, 200e2006, 20062012, 20122018).Europewide (i.e. EER®9)CLC and CLCC data are
availableas vector and raster products.

Due tothe technical characteristics of CLC and CLCC data, evobitiGhC update methodology and
refinements in the understanding of thematic contefi€osztra et. al, 2017jhe time-series statistics
derived directly fom historical CLC data inclugdeveral inconsistencies. In order to create a solid basis for
CLC basetime-series analysis a harmonization methodology was elaboralbi has created smlled
WHccounting data laye€swhich are the data sets recommended to be used for land or ecosystem
accounting purposes. The methodology for producing this data siergksscribed in this chapter

3.1 Summary of CLC mapping methodology

The first CLC mapping started in 1986 in Portugal, other countries started the mapping later. The first
European CLC inventory (named CLC1990) includes CLC status information withrefei@nce years
between 1986 and 1996, depending on timing of the national mapping projéet.second European
inventory (CLC2000) already fixed the reference year at 2000 (1) year, depending on good quality (cloud
free) satellite image availabilitythree other inventories followed inyear periods (CC2006, CLC2012

and CLC2018)CLC status layers are characterised with 25ha Minimum Mapping Unit (MMU) and 100m
Minimum Mapping Width (MMW)

The mapping of CLC changes started with tH&C2.C inventonyDue to different reference status yesin
case of the CLC1990 inventory, the first Cbh@nge (CLCC) layer (named CLCGZHHY) shows land
cover changes for various length of periods from 2880 to 1998000, while all following CLCC layers
represer the fixed average length of period of 6 years

CLC change layers are characterized with MN8U and 100m MMW Delineated CLC change polygons
are characterized with 2 x 3 digit change types:

1 Consumption code: CLC status code at first reference yaderstood as the loss of a specific land
cover class by conversion to any other classes over time.

1 Formation code: CLC status code at second reference year, understood as the gain of a specific land
cover class by conversion from any other classes tvex.

9) Note, at certain locations the reference period may vary in extreme cases from 4 tos8dgeato the +1 year
tolerance forsatellite image status.
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Althoughwith 44 classethe possible number of changembinationds numerous(44 x43= 1833, many
combinations are impossible or at least improbable in practice. CLC changes with@9 HitAude
altogether 90%ccurringCLC change types for tperiod between 20122018.

Initial CLC datasets are provided in vector formahétjonalteams for each update perio@henational

CLC inventories are further integrated into a seamless CLC map of Europe. As a next step, seamless vector
layers are convertednto 100m resolution raster datets Most of the modelling and statistical
applications are based on the 100m rastersion of CLC datd@heEuropean vector and raster mosaics

are distributed via Copernicus Land poftal

The traditional way of creating CLC & CLCC layers is Computer Assistethfeinotetation (CAPI). Photo
interpretation experts, while performing theisual interpretation and manual delineation, apply a
complex set of interpretation and generalization rules by human abstractions to ensure the production of
vector CLC & CLCC layers fulfilling the technimhtreematic specifications. Besides the onji and still
dominating CAPI methodology, there is an increasing number of countries using advanced {lpttom
solutions(see section 3.1.2)

Original mapping instructions created fine CLC2000 inventory included the recommendation to create

CLC 1992000 changes as the difference of CLC1990 and CLC2000 status layers. However, due to the scale
difference between CLC and CLCC data determined by varying (25ha vs 5ha) MMUs this solution resulted
in the issuethat a significant part of valid CLC changesween 525 ha size were missing frotime CLCC
database. As drawbacks of this strategy were clarified only #fee€CLC2000 mapping starteahe part

of the countries has created CLCC 192000 data by intersection of two status layetise other part of

the countries applied the newly developed "change mapping first" approach. The conseda¢hat

resulting CLCC 192000 data and statistics are not fully comparable between countries.

Based ona decision made by EEA, from the CLC2006 inverdoward the method to be used for
derivation of CL&Lhange database is produciaghange database directly, by means of compt#ieied
visual image interpretation.

The key steps of CLC update & CLCC mappirigitaer and Kosztra, 2017)
1. Revision of previous CLC status layer (phioterpretation)
2. Delineation of CLC changes (phatterpretation)
3. I NBlFGA2Yy 2F oaySeée¢e [ [/ aidl ddza €1 &SNy
a) CLGew= CLG, reviseat CLC changes (GIS operation automated)
b) Generalizator{eliminating polygons smaller than 25 ha by s@utiomatic GIS operations)
The key advantage o workflow based orchange mapping first is the direct, visually controlled

delineation of CLCC features, which enswagynificantly higher reliability of CLCC data than any other
change derivation method could provide.

(10 https://land.copernicus.eu/pareuropean/corineland-cover
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3.1.1 Role of CLC revision

The revision of the prgous CLC status layer is an obligatory step, this is being perfompedallel with
the delineation of change®uttner and Kosztra, 20173 asicallyhree kinds of revision were made in the
history of CLC production:

9 Systematic correction of speciftLC classes: Class definitions of some CLC classes were refined, in
this case a systematic-interpretation or elimination of these classes were performed within the
country database.

1 Systematic visual examination of the total area looking for possidtakes before starting CLC
change interpretation.

1 Ad-hoc revision of the CLC layers, correcting remaining mistakes found during change mapping.

The great advantage of CLC revision is the additional visual correction step ensuring higher thematic
qualityin all three resulting new layers:

1 Revised CLC status layer of previous reference date (e.g. revised CLC2012)
1 New CL&hange layer (e.g. CLCC 2@D28)
1 New CLC status layer (e.g. CLC2018)

On the other hand, since the revision is not harmonized with any of previous CLC or CLCC data, the
thematic consistency may be lost at several locations betwhbetatest and previous CLC layers.

3.1.2 Bottomup approaches

Starting withthe CLC2006 inventorgome countries have deviated from the traditional CAPI methodology

by introducing sophisticated, but unique solutions for CLC creation. All of these new methods (referred as
bottom-up approaches) are strongly influenced by the availdlidgrquality land cover related national

in-situ data. New CLC status layers are usually created by means of intelligent combination of available GIS
data supported occasionally by image classification and / or visual interpretation. Different sokMisins

for change mapping, in many cases this is donghleytraditional CAPI method based on botteup

created CL@tatus, or in some cases CLCC data are derived in a)(seoimatic way.

The ongoing work 6the9 ! D[ 9 / [/ b A YA G A I deoihétipnallbéttordzL)] Y PR K2 Ra & .
proposes a conceptual strategy for a harmonized European land monitoring, including the harmonized
collection of land cover, land use and other related spatial data and a robust processing chain and rulesets

to derive CLCompatible results.
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Figure3--1 CLC timeseries of the city of Kéln, Germany.
Thebottom-up method was introduced with the 2012 inventory. There is an obvious difference between the
amount of CLC differences between periods 22006 and 200€012.
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3.2 Harmonization of CLC tirs®ries

Several environmental indicators are based o@ Gtatus or CLC change layers. These indicators are
usually calculated as the combination of certain CLC classes or CLC change types (e.g. land take
indicator). In order to be able to filter out possible bias caused by CLC methodological changes, it is
important to understand the (country specific) evolution of CLC classes and possikelevitai these.
CLC timeseries statistics were created on a country basis, showing evolution of specific CLC classes
including available four reference dates. While the evolution of some CLC classes seems to be as
expected, some CLC classes may showalrtireaks in the evolution.

112: Discontinuous urban fabric 111: Continuous urban fabric

2 600000 25 000

2 500000 20 000
., 1400000 "
£ 2300000 g 15000
E 2 200000 E 10000 -f

2100000 —

2 000000 —. 5000 7

1 900000 T T T 1 - T T T T 1

CLC1%30 CLC2000 CLC2006 CLC2012 CLC1%30 CLC2000 CLC2006 CLC2012
Evolution of CLC class 111 in Germany Evolution of CLC class 112 in Germany
242: Complex cultivation patterns 423: Intertidal flats

5000000 3000

4000000 2500
w w 2000
¢ 3000000 g
= 2 1500
F ] ¥
£ 2000000 = 4000

CLC15%90 CLC2000 CLC2006 CLC2012 CLC1990 CLC2000 CLC2006 CLC2012
Evolution of CLC class 242 in Spain Evolution of CLC class 423 in Spain

Figure3--2 CLC timeseries statistics calculated on the basis of original CLC da@mresolution
raster, version 18.5

While the evolution of CLC class 1Iistontinuousurban fabric) shows a logical increasing trend in
Germany, the sharp loss of class 1Torftinuousurban fabric) area from 2006 to 2012 is more a
methodological issue than a real signal. Similarly, the sharp loss of 242 (Complex cultivation patterns) and
423 (Intertidal flat) class areas from 2000 to 2006 in Spain refers to the lack of harmonization in the time
series statistics.

The explanation in both cases originates in changes of CLC mapping approaches. Spain introduced a
bottom-up CLC mapping methokbgy duringhe 2006 update, while Germany introduced similar changes
during the 2012 update. Although CLC data created by both, viguakrpretation or bottom-up
approaches correspond to original CLC specifications and status amagémilar (sed-igure3--2), the
delineation of resulting features as well as statistical results iosgycomparability.

Besides of major changes in the CLC mapping and update methodotbgy possible reasons causing
inconsistencies in timseries were identified:
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1 Evolution of CLC class definitions: Based on verification experiences of past CLC inventories,
understanding of CLC class content as well as instructiomhéto-interpretation were refined in
several steps.

1 TheCLC update methodology does not consider the full {f@Bes, concentrates onlyndhe
revision of past status and to the correct delineation of changes.
3.2.1 Methodology for harmonization

The solution applied for the harmonization of CLC teeeesis applicable for the European CLC mosaics
from 2000 onwards. lis based on the igh to combine CLC status and change information in order to
create a homogenous quality time series of CLC /fdbba@ge layers for accoung purposes fulfilling the
relation:

CLC change = CLC accounting new staBl<C accounting old status.
Additionalcriteria of the realization were:

9 Add more detail to the latest CLC status layer (CLC2018) from previous CLCC information and use this
"adjusted" layer as a reference

1 Create previous CLC status layers by "backdating” of the reference, realized astBupCaCC
based information for CLC2018

Based on the above principles, the working steps of the creation of CLC accounting layers is as follows:

1) Includeformation informationfrom CL&hange layers into current CLC2018 status by creating
CLC2018 accoung layer

a. Overwrite CLC2018 with code 2006 from €hé&nge 2002006. Intermediate result:
Al CLC2018

b. Overwrite A1_CLC2018 with code_2012 from-€hahge 200€2012.Intermediate esult:
A2_CLC2018

c. Overwrite A2_CLC2018 with code_2018 from-€hange 2012018. ResultCLC2018
accounting layer

2) Create CLC2012 accounting by including consumption information (code 2012 fresha@ig€
2012-2018) into CLC2018 accounting layer. Re€ll€2012 accounting layer

3) Create CLC2006 accounting by including consumption information (code 2006 fraxha@i€
20062012) into CLC2012 accounting layer. Re€l€2006 accounting layer

4) Create CLC2000 accounting by including consumption information (code_2000 fresxha@Dg€
20002006) into CLC2006 accounting layer. Re€L€2000 accounting layer

11 The latest CLC technical guidelines as well as presehprevious instructions for photimterpreters are available
at the technical library of Copernicus land portatps://land.copernicus.eu/usecorner/technicallibrary

ETC/ULReport | 02/2020 18


https://land.copernicus.eu/user-corner/technical-library

il

\G#

CLC208 status (riginal) Al _CLC208+ CLC changes 262006 polygons

2‘#. 211-222 9

m—ﬁu%
@"“

N g.ﬁi

A1_CLC2018 original CLC2018 polygons ] A2_CLC208+ CLC changes 20@612 polygons

2
5

.ﬁ_lﬂ'

) A2
A2_CLC2018 original CLC2018 polygons CLC208 accounting+ CLC changes 202218

231

Figure3--3 CLC harmonization process steps ic ahown by example.
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Figure3--4 CLC harmonization process stepg 2hown by example.
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3.2.2 Results: Harmonized CLC statistics

Harmonizationleads to anncreased comparability in CLC time series statistics as many effects causing
apparent false changeare filtered out Figure3--5). Theresulting datalayers areknown as accounting

data layers and ardza S R

LINBASYdte

availablevia thefollowing link:

T

w

0e

99!

Q& [ |y Fheyhrg publi@yd2 4 & & (

https://www.eea.europa.eu/dataand-maps/data/corineland-coveraccountinglayers/cle

accountinglayers
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Figure3--5

Harmonized timeseries statistics after the accountingrocess. Evolution of CLC class

areas in country statistics shows significantly higher plausibility.

3.2.3 Known issues

There still remaisomeknown conceptual and practical issues, which were introduced with the accounting
methodology:

T

21

Thegeneralization level of CLC status layers (25 ha MMU) and CLC change layers (5 ha MMU) is
different, correspondingly these datasets are statistically not fully comparable.

As a consequence of the harmonization methodology, under Maditlres(i.e. smallerthan 25 ha)
appear in accounting CLC status layers. This does not mean, that the overall spatial resolution of the
CLC status layer was increased, high resolution features appear occasionally, bound to location of

CLC changes.

The presence of under MMfgatures in a status layer contradictsetoriginal CLC rules and biases

statistical characteristics of resulting CLC data.

' f K2dzAK GKS

GOKIyYy3aS YI LAY 3 T A NEhange featuiedNdd | OK | &

crossharmonization was ensured between Gtltainge inventories. This may lead to contradictions
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in CLC evolution processes captured by distinctdbb@6ge deasets and finally may appear in a form
of unrealistic features in CLC accounting data.

1 While the revisions were included to the new CLC layer, theBaanpean mosaics of previous
reference dates were not consequently updated with revised CLC layet€2000 and CLC2006
AY@BSYi2NASa M AyO2yaiaiSy GamaedldtionalSLC2006fM8@ss ¢ | YR a
created via revision and update mditional CLC2000This leads to drmony between national
CLC2000 and CLC2006 status theirevisions in naticad CLC does not appear in European CLC2000
mosaic, leading ttocal inconsistencies of European mosaic of CLC2000 and CLC2006 layers.

T wS@AraAirzya 6SNB y20 LI ASR (2 Fff LINBGA2dza adl
status. Example: CLCZ®was createdia revision and update of CLC20th2serevisionwere
included to European CLC20bAt not harmonized with CLC2006 and CLC2000 leading tocal
inconsistencies with previous (CLC2006, CLC2000) status.

Y Revisions were not appliedtog@eh 2 dza / [/ OKIlIy3aSa M AyoO2yaraidsSyoe
and previous change layer.

CLC2018 CLC2018 accounting

Figure3--6 CLC2018 and CLC2018 accounting layers near Almhult, Sweden.
Under MMU (smaller than-8 ha) features appear in accounting CLC status layers.

Figure3--7 demonstrates inconsistencies caused by missing harmonization between revised status and
past change layers. This is an example of the consequences @ foyi & S1j dzSy G | LILIX A OF A
YIELIWAY3I FANRGE YSGUK2R® 9@Sy ihglatesINfslaichafdd2h C2018 stafub | S &
shows the correct situation, unrealistic features appear in CLC2018 status because of the lack of
harmonization between previous Gtiange inventories.

Part of the known issues present in actual version of accoufdiregs might be eliminated via performing

raster generalization on accounting results. Conceptual developmgtiig the EAGLE CLC+ initiative are
also targetedn developng amethodology for creating harmonized CLC compatible thmees.

ETC/ULReport | 02/2020 22



CLC2018 status CL02018 accountlng
Figure3--7 Example of inconsistencies caused by missing harmonization between revised status
and past changéayers.

Forest fire damage (near Val Daubert, South France) around 2006 was recognised by CLC changes (blue
outlines), but not handled consequently duritige update processConsequence: Some of the burnt areas
appear erroneously in the CLC2018 accourlygr.

3.3 The administrative boundaries layer

Land cover and usdrends derived fromthe combination of thetime-series of CLC accounting layers
provide information at European scal& detailed understandingof European land cover dynamits
facilitated with the inclusion of thematic or geographical dimensigg;has the political subdivisions of
countries, regions and municipalities. Within the land accounsystem, a standard administrative
boundariesdyer which covesthe whole EEA9 continental Europe is key for identifig regional trends
to support national policy objectives.

The Administrative boundaries EBB layer is a harmonized dataset that combines boundaries
represented by the Nomenclaturaf Territorial Units for Statistics (NUTS) relative to the2BWember
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Sates(in 2019) with the equivalent administrative units relative to the five ”FBHEEA mamber countries
(Iceland, Liechtenstein, Norway, Switzerland, and Turkey) and the sixratiogecountries (Albania,
Bosnia and Herzegovina, KosBydlontenegro, North Macedonia and Serbia).

In addition to the official release of Eurostat GISCQhe administrative boundary layer has been
combined withthe Economic Exclusive Zone dataset assign a country code on the coastal area of the
CLC accounting layers not covered by the NUHIS way a perfect matching between the CLC coverage
and administrative boundariesas achieved

The dataset is produced in raster format (GeoTiff) atghme resolutiorasthe accounting layer€00m)
and contains the aggregation level by Country (NUTSO and NUTSO+EEZ), NUTS1, NUTS2, and NUTS:
regions.

12 underthe UN Security Council Resolution 1244/99
13 https://sdi.eea.europa.eu/catalogue/srv/eng/catalog.search#/metadata/83f8af€af4f31-ad95f9651626d74a
14 http://www.marineregions.org/
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4 Thelntegrated Data Platformaccounting infrastructure

Land and ecosystemaccounts describe howecosystems andand resources change over time in a
consistent and systematic way so that the implications of change can be better understaydare two
components of natural capital that are vulnerable to depletion @adnot bere-created over periods
relevant to most policieChange can lead to total elimination of ecosystem types; however, foritand
mostly the potentials and functianthat are transformed through human action. This is expressed by the
different uses that particular types of land cover can support. A key concern of landaca/ecosystem
extent accounts is the need to understand the way in which the stocks of diffdesnd covers and
ecosystem typeare transformed over time.

The landand ecosystenaccounting approach adopted by the EEA follows the one recommendeBEA
handbooks and guidance (see section)l1.Bhe basis of the SEEA approach is to represent the
transformation of land cover over time as a transition matrix, which describes the transfers into and out
of the different cover categories between two time periods equivalent approach is recommended for
ecosystem extent accounts.

The EEA approadbr developing land and ecosystem accounts buildghlan Integrated Data Platform
(IDP) infrastructure The Integrated Data Platform targets integrated gspatial data assessments.
Through discovering semantic and contextual linkages between datasets, thesupgorts the
understanding of how various elements of our natural capital can be best understood in relationships with
each other and with other systembhis chapter describes the various building elements of this accounting
infrastructure.

Products of the IDP derived through the tools below are published and maintained on EEA’s Geospatial
Environmental Accounting website:

http://eeadmz1 -dis3-wordpress-geo.azurewebsites.net/

4.1 The EEA reference grid as common data integrator

The use of reference grids has been recognised as key point for the integration of heterogeneous sources
of data. The standard codifition of grid cells makes the reference grids suitable for splitting the territory
into a number of regular pieces that can be used as analysis units.
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Figure4--1 LCF@& The EEA reference grid acemmon data integrator

The 1 km European Reference Grid (ERG) was adopted by several European stakeholders at the First
Workshop on European Reference Grids {HFBCMU-ESDI, 2003). This layer was adopted as the common
EEA reference grid and data intatpr layer. In this layer the grid cells store the land cover information

(i.e. the area of land cover classes) and complementary information to be used as reporting units or
ancillary datasets for the assessments. Depending on the nature of the datasaiable, we distinguish:

1 Geographic dimensiongdefine the geographical unit that each cell belongs to (NUTS rdgidhS
UMZ, biogeographical unit, etc.)

1 Thematic dimensionsdefine a physical characteristic of a grid cell, such as land cover type.

1 Measures numeric variables which can be aggregated by any combination of the data dimensions
available in the accounting model. They can be biophysical variables (e.g. vegetation productivity),
climate (precipitation, temperature) but also socioeconofigares (e.g. population, unemployment,
GDP, etc).

The EER9reference gridconsists of 885212,1 km cell{CLC noiNULL)each of which can hold a data
record in the LEAC database. The geographic and reference dimensions are intersected withB&A km
reference grid, in order to give each grid cell a unigue feature code (e.g. a NUTS3 code, a Biogeographical
region code, etc.).

Consideringhat some thematic layers have a higher resolution than 2 @g. Corine Land Cover is
available at 100 Aresolution), the combination of such information is carried out at 160Imthis way,

it is possible to store, for instance, the different land cover classes and their surfaces for each griiscell.
mears it is also feasible in principle to run account calculations at the £@pichlevel.The grid cell index
(unique identifier for each grid cell) might appear repeated in the resulting output table, as many times as
different land cover classes exist hiit the square kilometre. Geographic dimensions will have their code
repeated as well:

|_index [nuTses] wutsos | wutsos [ nutsio | Fua | iuzos | tuzaz | mua | uneoo [cicoo | cicoolcicos [ Ha

26421951 1178 1202 1004 1141 745 267 535 1013 117593 111 111 111 58
26421951 1178 1202 1004 1141 745 267 535 1013 117593 112 112 112 42

M -

UNIQUE COMBINATION OF UNITS

20421951-1178-1202-1004-1141-745-267-535-1013-117593-111-111-111
26421951-1178-1202-1004-1141-745-267-535-1013-117593-112-112-112

Figure 42 Example of unique combination of units within a grid cell

4.2 Theaccounting infrastructure

TheEEADP project basically addresses 3 working areas:

1) Organise knowledge- spatial data management:This module is working on spatial data

managementTasksdentify, describe and integrate S& a LJ- G A | f RSpditial ®8ai & Ay

Infrastructure(SDI)
O Spatial data QA/QC and harmonization
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Linking SDI metadata twher EEA systems

Inventory of knowledge semantic inventory of spatiatlata setssimplifies the complexity around
geospatial data. The complexity is caused by numerous wgrireas and analytical expertise.

The inventory module of the Integrated Data Platform therefore develops a contextual
framework, by discovering, organizing and structuring semantic information about otspgeial

data. This becomes a contextual inventosummarizing the technical, thematic and contextual
AYF2NXEGAZ2Y 2F 99! Qa aLIl GAltf RFEGFIaStaszs eeKAOK 2
contextual inventoriesre developed:

I\\J/o: (@]

Interactive ontextualdatainventory

Interactive data linkages

Interactive web mapplatform

Integrated analysis using organised knowledg®olutions in this working aredirectly enable
integrated assessments by a system infrastructure combiningsgatialand tabulardatasets
from a wide range of data sources and propert&rking area are:

8‘3 OO0 0O

O Data cubes
O Interactive data viewes
O Integrated modelling
Integrated
Organise Inventory of analysis using
knowledge — knowledge —) organised
knowledge
Harmonized geo-spatial Ontology, contextual inventory, Data cube platform,
data architecture entity relationships. integrated analysis

Figure4--2 The three working areas of thEEA IDP project

4.2.1 Spatial data harmonization

All EEAsiccountingdatasets must be harmonized and managed correctly so that they have the best
possible quality. A spatial data delivery workflow was designed with Quality Assurance (QA) and Quality
Control (QC) criteria for spatial datasets to be harmonized. Althougte tbeeria are meant for spatial
datasets, there are other types of information, which are closely related to spatial datasets. Map
templates, draft maps, tabular data and the delivery of graphs related to spatial datasets are therefore
also addressed. Cqmalsory deliveries which must accompany spatial datasets are 1) metadata, 2) web
map services, 3) layer (*.lyr) files, draft maps and map templates if intended for publications.
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Without a structured inventorgnywork with datatoo often requiresaskngaround for relevant datasets
hoping that someone can point us to the right direction. Oaatata set iSound one mayhave to guess
how to interpret it, whether it is right for tb analysisClear and reliable documentation isquired to
know that the data is accurate, correct and that it doed contain errors.A structured and centralised
system for documenting and searching data sets is needed to ensuré#rdification anduse of data
sets for assessment purposes can be done in an efficient manner.

All EEA spatial datasets are registered in EEA’s Spatial Data Infrastruotiueling a link to the
corresponding Discomap web map serviée$he data stored in the EEA s 8&xe searchable through
the SDI catalogueccessible via

I https://sdi.eea.europa.eu/

The website also contains a metadata editor to draft metagdebapliant with EEA metadata profile. The
SDI wikiwhich isalso hostedn the website provides user manuals and details on the metadata profile.

The datasets, once validated, are physically stored in the SDI file syRtdatic datasets are available t
any user without need to log in. Restricted datasets are only accessible with an Eioire{lifA staff,
European Topic Centres and other Eionet partners). The actual metadata (for public and restricted
datasets) are publicly available.

EEA has a theatic node in its SDI o&nvironmental Analytical éferencelLayers(EARLY, which are
harmonized and QA/QCd and can be used for environmental accounting.

4.2.3 Interlinking IT systemsContextual Data Inventory

Organised and harmonised storage of spatialadats and their metadata is indispensable for a data
architecture, which is to enable a transparent and repeatable accounting of our natural capital. However,
these spatial data specifications are difficult to retrieve for thematic experts because thegoare
organized according to the needs of analytical objectives. In some cases, the information is encrypted in a
technical language that that is not easily understandable rfon-IT-experts. For a comprehensive
information system, SDI specifications (espatial resolution, data format) should be enhanced by
thematic and contextual information (e.g. DP8ements, policy objective, topics). These semantics

need to be brought together in a Contextual Data Inventory (CDI). Therefore, SDI specificatiimsedr

to EEA’s Semantic Data Service (SDS) so that technical information of spatial datasets can be harvested in
a way which targets specific user groups.

This informationis stored in several distinct systems, such as the SDI, the EEA Website CMS (Content
Management System), the Semantic Data Service and the server for web map services. These are brought
together in EEA’s Contextual Data Inventory

1 Explore thenteractive Contextual Data Inventorgn the Geospatial Environmental Accounting
portal (see under Inventory/Contextual data inventory).

(15 https://discomap.eea.europa.eu/Index/

(16) http://sdi.eea.europa.eu/

a7 https://sdi.eea.europa.eu/catalogue/srv/eng/catalog.search#/search?any=idp *&facet.q=
status%2Rotobsolete&resultType=details&sortBy=relevance

18) Elements of the DPSIR framework are: Drivers, Pressures, State, Impact and Response. See

https://www.eea.europa.eu/pblications/929167-059-6-sum/page002.html
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Populating the inventoryis generatedat regular tme intervals (once a day): once the datasets are
registered in the SDI and other information are entered in the CMS the informatioawtoenatically
extracted from different systems.

4.2.4 Interactive data linkages

Thegeospatial data inventory supportedby interactiveentity relation diagrams in order to increase the
transparency and accessibility of thentained information

Ly &adzOK | @AadzZf yrftedada G22tsx O2yySOGdAzya |
order to facilitate theefficient identification of similarities, differences, gaps and complex relationships
between datasets. Much of the interdisciplinary information is hidden in second or third order
relationships; visual analytics will facilitate the design of integrapadial data assessments by unlocking
knowledge from various domains and actors.

Although these entity relationship diagrams are centred on-gjgatial data, the underlying database links
spatial datasets across different domains to numerous other estitiich as EEA indicators, projects,
deliverables, models, products, publications etc. Therefore, this inventory may also become an effective
planning tool and can be used for communication to a-texhnical audience and policy makers.

1 Exploredata linkageson the Geospatial Environmental Accounting portal (see under
Inventory/Linked data).

Search Overview

in data title

in data abstract

Sorted by:

< 3 aZ Pt . - )

Administrative boundaries of EEA3S, Apr. 2018
Biogeographical regions, Europe 2016, version 1

CLC 2012 reference land mask (resolution 100m), Jan. 2017
Conservation status of habitat types 2007-2012, Sep. 2014 Gridded Distribut

Conservation status of species 2007-2012 for internal use, Se

Corine Land Cover 1990 (raster 100m) version 18.5 accountin

GGG IS IS SIS SIS S

Corine Land Cover 2000 (raster 100m) version 18.5 accountin

<

Corine Land Cover 2006 (raster 100m) version 18.5 accountin..

Corine Land Cover 2012 (raster 100m) version 18.5 accountin

Corine Land Cover 2018 (raster 100m) version 20 accounting l.. The prese C =
Degree of Urban Dispersion (DIS) 2006 (LEAC Grid), Nov. 2016 The degree of urband

Degree of Urban Dispersion (DIS) 2009 (LEAC Grid), Nov. 2016

EEA coastline for analysis (polygon) - version 3.0, March 2017 The EEA

EU-DEM (raster) - version 1.1, Apr. 2016

EU-Hydro Coastal Line (vector), Jun. 2016 EU-Hydro is a dataset for all EEA

EU-Hydro River Network (vector), Apr. 2016

Ecosystem types of Europe 2012 - Full map (marine and terre The data set aims to contribute to a better bioleg

Elevation Breakdown based on EU-DEM (resolution 100m), D This layer defines homogeneous areas as function b é

Figure4--3 Screen shot from thénteractive Contextual Data Inventory

4.2.5 Interactive web mapiewer
Thelntegrated Data Platformalso visualizes spatial dattsby producing web map services and visualizing

them in web map viewers. Web map services n@ocols for servinggeoreferencednap imageswhich
amap servegenerates usingata from aGlSdatabaseWeb map viewergnablespatial overlays so that

29 ETC/ULReport | 02/2020

NI


http://eeadmz1-dis3-wordpress-geo.azurewebsites.net/
https://en.wikipedia.org/wiki/Georeference
https://en.wikipedia.org/w/index.php?title=Mapping_server&action=edit&redlink=1
https://en.wikipedia.org/wiki/Geographic_Information_System
https://tableau.discomap.eea.europa.eu/t/Landonline/views/CDIInventoryJuly2019-IDP-LandSystem_15649903266970/ContextualDataInventory?iframeSizedToWindow=true&:embed=y&:showAppBanner=false&:display_count=no&:showVizHome=no&:origin=viz_share_link

the datasets can be interactively exploratso by project managers without GIS expertise or without
immediate access to a GIS softwaiéeb map services are produced in ArcGIS desktop and visualized in
ArcGIS Online. Once a welapnservice is quality controlled the services are registered in the SDI and read
in the IDP Web Map Viewer through the Contextual Data Inventory application.

1 Cairo - 3
- .

Figure4--4 Screen shot from thé&eospatial Envonmental AccountingPortal

1 Explorethe map vieweron the Geospatial Environmental Accounting po(sale under
Inventory/Linked data).

The web application offers three main functions to the user for data exploration:

1) Search for a web map service: the seansbs 1) keywords (i.e. tags such as land use), or 2) topic
names (such as biodiversity). The keywords are also searched in thechlotthe related spatial
dataset, which is harvested from the SDI. Hence, all datasets can be found which have e.g. Corine
Land Cover in their abstract.

2) The user is able to visualise and explore the services identified by the search function.
Furthermoe, the selected web map can be overlaid for further exploration of commonalities
between spatial datasets.

3) Once the wished services are found and explored by overlays and zoom functions, the user can
find all relevant semantic information of the spatiatdsets when activating the info buttomhis
semantic informatiorare combinations of technical information coming from the SDI and other
semantics harvested from the content management system.

4.2.6 Data cubes

In the past, the OLAP database (OLAP Cube) wasto®rganise and query huge volumes of geospatial
data. OLAP stands for Online Analytical Processing; it is a conljaged technique to answer multi
dimensional analytical queries. OLAP tools enable users to analyse multidimensional data interactively
from multiple perspectives. It experienced a strong growth in the late 90s, but it had been mainly applied
to business data in the search for businagslligence.
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Theformer OLAP database has been replaced by EEA’s own data cube technique, thevitoimhEntal
Data Infrastructure (JEDT)he JEDI system uses cloud infrastructure to integrate diverse data types in near

real time. JEDI is component basedorder to accommodate flexibility and changehile new user

requirements are shaped over tim&DI preparetabular data cubefor accounting and serves thedata
cubesto the Business Intelligence softwaf@bleauThe database is a *.csv file and hence can be opened

with other software than the default choice of Tablea(ear to year changes orea statistics of land
surface processes can then be calculated andlteplotted in a user friendhattractive and interactive

way.

The system architecture of JEDI is rather complex using vaudiwgare Microsoft .NET for IS (website),

Microsoft SQL (DBMS), FME Server and Microsoft Azure (data processing) and Microsoft SQlu + Table

(output) (Figure4--5). JEDI can be accessedhtp:/jedi.discomap.eea.europa.ed 2 NJ dza S NA

Common Workspace credentials.

g AlK

JEDYreads spatial datasetato a regular grid (see section 4.2) where every cell has a unique identifier.
These cells become the geeference identifier for every other spatial dataset integrated in JEDI. Through

this common identifier JEDI can relate and calculate areas basdw@amne cell identifier. After reading

the geospatial layers, JEDI converts them into a tabular format, i.e. dimension. All, or any user selected
dimensions, can be then aggregated within user defined spatial units. These aggregated dimamsions

then added into one database (a data cube) which can be directly accessed by a data visualisation software
environment, called Tableau.

GIS experts

Different
users

i 1
S L
) &

Dataanalysts

Web Site
NET /IS

Tableau Server

Temp sto rage

o - >
%—E < . ETETE H E&ln'i'in

SQL Dataware house

Azure Local database

FME Server

Figure4--5

JEDI system architecture

JEDI dimensions, look up tables anbdes

The main elements in JEDI are dimensions, look up tables (LUT) and cubes:
91 Dimension: a spatial dataset distributed in a grid and ready to become part of a cube.
1 Look up table: table aimed at enriching the attributes of a dimension.
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1 Cube: multidimensinal database built from several dimensions and look up tables and based on a
grid.

There are three potentialimensionsources:
1 ESRI Shapefile (vector)

1 GeoTIFF (raster)

1 External dimension file (CSV)

Dimensions can be processed at 100x100m or 1x1kmrgsdlution. Look up tablesadd additional
information to the dimensions in an efficient way. They can be Excel or .csv files. A LUT can be linked to
one or many dimensions, by any of the dimension fields.

JEDtubesare created by selecting a set of dinsgons and choosing which fields from these dimensions
or the related LUT should be seen in the output database. The cubes can be created at 100x100m, 1x1km
or 10x10km grid resolution.

When a cube is ready a Tableatds file is created. Thisxtensionstands for Tableau data source file.

They do not contain any data, but a link to the data source, in this case the SQL database of the cube.
When opened from JEDI, Tableau will show a project connected to the cube, and the different dimensions
and measures il be available for querying and producing charts and/or maps.

JEDI LEAC Cube

JEDI can calculate and store several cubes, including different sets of dimemssofs. the land
accounting, a secalled Land and Ecosystem  Accounting (LEAC) 2018 cube
(http://jedi.discomap.eea.europa.eu/Cube/Show/3as been created. That Cube contains the following
dimensions:

- Administrative boundaries for EE3®

- Biogeographical regions 2016

- Coastal zones

- QLC accounting layers 2000, 2006, 2012, 2018
- LCFs 0006, 0012, 0018, 0612, 0618, 1218.

These dimensions can be flexibly complemented with any other thematic or stratification layers thereby
enriching the accounting information to be deducted from th&ta cube. This cube is the basis for the
LEAC viewer, both the basic and advanced versions, and it is used also for the analysis of land take (land
take viewer).
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5 Toolsfor land and ecosystenmaccounts and assessments

This chapter describes the accounting tools and web viewers that EEA has developed. These are mainly
produced as interactive dashboards, so that interested users can build their own accounts or extract
statistics of interestThe growing number of accountj dashboards are also presented on @Geospatial
Environmental Accounting portalunder the sectiorexplore Europe in Numbers

5.1 Land cover and change statistics: interactive aotimg dashboards

An accounting cube may be directly exploited in the Business Intelligence software Tableau, by means of
the creation ofqueries thatoffer tabular, chart or map results. The different dashboards that one can
create in Tableau can be puitedon Tableau Server anthn beshared as a direct URL or embedded in

any website. The Land cover and change 22008 interactive dashboard published on EEAwebsite.
https://www.eea.europa.eu/data-and-maps/dashboards/landcoverand-changestatistics

............... % Tooks Comvies Ovasdmas hoiaios Mosstors Meds Moot ) [ ]

nd cover accounts for Europe (EEA39 and EU28) derived from the CORINE land cover data series. Statistics are derived for every 6 years of the acquisition period, as well as for the entire period
med or created over a specific period and the reason for the observed change (e.9. urban sprawl or arable land loss), which can be analyzed within user defined spatial units such as administrative

More information

5.2 Deriving accountingtatistics for land cover stocks

CKS a[FyR O2 SN HayiRt GA[AHMROEODAINI Al GA&0A 04 673 0%
the accounting for land cover stocks in Europe, with a breakdown for countries and with various selection
choices. One can select the CLC, LEAC and MAES categories on variaschielarels. By changing
these settings, the table changes accordingly displaying the chosen statistics.

One might be interested in land cover statistics in certain NUTS3 classes or biogeographical regions, which
Oy 06S OK2a4Sy dzyREWIOOKS dzfp 6€ STt ASRABNIIKS RSTI d
countries and the table below shows accordingly the land cover stock-ol@ak per country. The column

totals of the table sum the country specific break down of the land cover categoridsesice display the
European totals. Selecting EB® or EW28 allows the user to explore the total area of land cover
categories within thesgeographic areast once.
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stock statistics in chart format. This allows the direct comparison of countrtesns oftheir land cover
characteristis as the chart is ordered in decreasing order of area extent of the various classes
Land cover statistics
(km?)
CLC 2018 by Country (km?) -
= o= - oo
e T g g = = e
Figure5--2 Interactive queries of land cover stock statistics in tabular formats
2 KAfTS aStSOGAy3a / [/ 2NI[9!/ OFGSaA2NRSAE a4 aG[lFyR 2
classes and hence largeountries will have more land cover, other land stock options allow the relative
O2YLI NAa2yad {StSOuUAYy3aT SPIDd a[lFYyR [/ 20SNI Ct26a HnN

land use (or natural) changes of the land stock of all countries. Asrehbethe NUTS regions or
biogeographical regions may be queried instead of countries aneBEBAER28 country groups can be

selected as well.
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Deriving accounting statistics (consumption and formation) from LCFs.

General statistics on land coveosk or land cover change over time, by different reporting units, are one

of the main purposes of accounting. Another important element is assessing the different land use

processes that have occurred and analysing which classes have gained or lostlz@esxpense of other
classesi.e. land cover flowsln other words, what is interesting is analysing not only the quantitative
figures of changes, but also the qualitative aspects (from which classes and/or to which classes a specific

(NI yarGA2y KIa
changex, OK I NIl &a¢ (I

P

0 a
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tics |Landcoverstatistics | Accounting forland  Accounting forland  Country map .
ascharts over changes cover chanaas

Land stock or flow types
CcLcz018
Level 1

Geographical unit

Figure5--3 Interactive queries of land cover stock statistics in charts

Selecting level Land Cover Flows inEEAp Ay GKS a! 002 dzy (i X H o ®Wddakst I VR
for example, that in the period 2068018 24 388knt of arable land were transimed (Consumption)
whereas 17160kn? of arable land were added to the existing stock. The difference of these values
indicates that 228knt of arable land was lost. Furthermore, and importantly, the rows of the tables break
down these changes to the vatis land cover flow categories. This way one can analyse the causes for
losses and gains dfifferent land covertypes. With regards to arable land for example, the statistics
indicate that major fraction of arable land lossZB2knt) was due to the spralof economic sites and
infrastructures.
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Figure5--4 Interactive accounting of land cover stock changes in tables

nd | Accountingforlend | Country map
cover changes -
charts

Figureb--5 Interactive accounting of land cover changes in charts

¢CKS a! O02dzyiAy3a TFTeO&HNIyaR QRIBS NI RO yIas@l y OSR I yR
interactive dashboard. Firstly, in this tab statistics are broken down to the countries, NUTS regions or
biogeogaphic regions in charts and hence direct comparison is facilitated. By selecting the consumption
2N F2NXYIFGA2Yy Gl OO2dzyiAy3a Ot &aaéd G(KS dzaSN) OFy SELX
according to the various land cover flows the (larsg) drivers of changes can be analysed. Furthermore,

by selecting all or a combination of land cover classes all these changes may be analysed in certain
conditions according to assessment needs.
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5.4 Mapping land stock and land cover changegistics

The interactive application for land cover accounting allows the mapping of stocks and changes,
aggregated within NUTS3 and NUTSO regions for the various periods. By selecting the observation year,
the hierarchy of the classification and the ¢hoover of interestthe application will map the query. For
instance, irFigure5--6arable land and permanent crops (level 1 classification hierarchy) for the ye@r 201

are mapped for the EE29 region (in % of the total area of the administrative urlit)case lanaover

flow is of interest, the user may select the land cover flows on a given hierarchy (thematic detail) for a
given change periodrigure5--7 shows the flowIncrease in forest land and other sefil (i dzNJ f
(LCF6) fothe period 20062018 for the EEA9 region. The changes are shown in percentage of the NUTS3

regions for the purpose of comparability.

ction Land cover statistics Land cover statistics Land cover statistics ting for land Accounting for land Country map NUTS3 map
(km?) (%) as charts co\ nges e s

tables

Arable land & permanent crops (LEAC 2018) by NUTS3 (Km?) Selectland stock types

Countries: All
Biogeographical Regions: All

Select land cover class
(reselect when land stock types change)

Select country

9% of Total Area in km?

o 0.000% I 1 2525

@ 2019 Mapbox © OpenStreetMap

Figureb--6 Interactive mapping of land cover stock in NUTS3 regions
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ction Land cover statistics Land cover statistics Land cover statistics Accounting for land Accounting for land Country map NUTS3 map
(km?) as charts cover ¢

cove
tables charts

Icfé Withdrawal of farming (Land Cover Flows 2000-2018) by NUTS3 (Km?) Selectland stock types
Countries: All Land Cover Flows 2000-2018 M
Biogeographical Regions: All

Level 1 -

Select land cover class
(reselect when land stock types change)

Select country

(an) -

EEA3S -

9% of Total Area in km?

0.000% I 0315

2 : - &
s - [
g " % #
@ 2019 Mapbox @ OpenStreethap| it 03 L f

Figure5--7 Interactive mapping of lanaover flows in NUTSB regions
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6 Implementingland accounting

This chapter aims at bringing the rather specific technical and conceptual descriptions of the previous
chapters into a more practical context. To do so, several use cases are prefaititus on important
land coverchangeprocesses in Europe:

1 Urbanareas
1 Changes in extent and composition gfrigulturalland
1 Change indrestarea and composition

The chaptersbelow take a closer look at some of the processes related to the issues mentaree
with statistics, charts and maps derived from the land accounting database.

6.1 Urbanareasand land take

Almost three quarter of the Europegropulation lives in cities (Dijkstra et al., 2016) with a tendesfcy
this shargo increase until 2050 (Kompil et al., 2015). At the same time, also artificial surfaces are expected
to increase (Lavalle and Barbosa, 2015).

Land take is the process in igh urban areas and sealed surfaces occupy agricultural, forether semi

natural and natural areas (EEA, 2019a). The EEA land take indicator (CSI 014at&i€33&fs the change

in the area of agricultural, forest and other seyil- (G dzNJ £ £ I YRNJG dzNp Sy 'y R 2
RSOSt 2LIYSyid o0KSyOS GKS yIYS a4a[lFyR dGF1S¢0® [YR
infrastructure, as well as urban green areas and sport and leisure facilities. The main drivers of land take
are grouped in processes resulting in the extension of:

KS
l.:.l

housing, services and recreation;
industrial and commercial sites;

transport networks and infrastructures;
mines, quarries and waste dumpsites; and
construction sites.

= =4 =4 =8 =9

In some cases, artificial landristurned to other land categories (recultivation). The balance between

taken and recultivated land is net land takedl KS O2y OSLJi 06 SKAYR (KS 9! Qa W
non-binding commitment of the EU was stipulated in the Roadmap to a Reséificient Europe and

repeated in the ? Environmental Action Programme.
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Net land take in EEA-39
2000-2018
km2

[ ] Outside coverage ,;:
B -114--30

-29-0.0
No change
0.1-0.5
0.6-3.0 P

31295

Azores Is.
P W
= BUF =}
i s o 8
Madeira Is.| 0 \ 500 1000 00 km

y i
Figure6--1 Spatial pattern of net land take in EE29 during the period 2002018

Recent dat¥ shows that annual net land taksee?) in the EEA39 decreased from 922 km2/year in the

period 20002006 to 440 km?/year in the period 202D18. These values can be deducted from the
interactive dashboards on land take accounting statistmsessible alittps://www.eea.europa.eu/data
and-maps/indicators/lanetake-3/assessmer® { St SOGAYy3I GKS (G106 dah@SNIBASSH
land takeé asoA Y RA O (0 2 NJ EEA3REktent, The dbluninkdal for the period 20eB006 gives

553026 kn? net land take for the entire area. Broken down to yearly values, annual net land take was
922km? for the period 2002006 {.e. the total 0553026 km divided by®6).

During the entire period 2062018, land take concentrated around larger urban ag@mations Figure
6--1). Accountingfor the land cover types affected llgnd takeduringthe period2000-2018shows, that
80 % of land takevasat the expense of arablland and permanent cropand of pastures and mosaic
farmlands. Thigan be derivedrom thetab& [ I Y R (| 1 S I LOMPSEESting tBedperiod 2000
2018 andthe EEA39 geographicextent Total land take was 1404@n? of which (i) 7098knv land were
taken from arable land and permanent croferound 50% of the total) and(ii) 3824km? land from

19 https://www.eea.europa.eu/dataand-maps/dashboards/landake-statistics
(20 https://www.eea.europa.eu/dataand-maps/indicators/landtake-3/assessment
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pastures ad mosaicgalmost 30%) The top barandthe third bar from the bottomin the chartin Figure

6--2 also illustrate that land take affected thesao land cover types the most (seesdtii 6 & [ YR Gt
statisticsc chart in the dashboard & 2 6 & S NIJ | G Ax2nym yLIS NGA[ 20Rant typ@2nRnS/eR> 02 @S N
t24G¢ oWBR G99

While in the beginningf the accounting periodi.e. between 2000 and 2006) the largesiversof land

takewere construction activities and diffuse urbansprawii 6 G [ I YRCOKI BI &b d2aa 3
LISNA 2 REnmensn na [ 9!/ O2RS£€3X [ KF NI - &kids chahded/tBwvardsl 1 S R

G 02 y & (i NJzOndds®igl and towirRerci@al developmesti the following periodswhereasurban
sprawldid not play such an important role anymore between 2012 and 2@h&r the 18/ear period
from 2000 to 2018jndustrial and commercial activities accounted for the largest share of land take
processes in E@8, ca. 350&nm? (Figure6--3). Urban sprawl (around 3000m?), the establishment of
construction sites (around 2700n2) and mining (ca2100km?) were further drivers of land take in
Europe.

Chose observation period Choose land covers or ecosystems
2000-2018 EACcode

Chart type Geographic extent
Land cover lost EEA39

Land take 2000-2018 (km?)

\Water bodies

Wetlands [l

M Expansion of industrial & commercial sites
Urban diffuse residential expansion
Expansion of construction sites
Expansion of mines and quarrying areas

M Expansion of transport networks
Expansion of sport and leisure facilities

M Expansion of dumpsites
Expansion of airports
Green urban areas
Expansion of harbours

W urban dense residential expansion

Figure6--2 Loss of land cover classes due to land take broken down to land take processes. EEA
39, 20062018.

Sourcehttps:// www.eea.europa.eu/dataandmaps/dashboards/landake-statistics

Taking recultivation measures between 2000 and 2018 into account, four main processes of reusing
formerly developed land appear: water body creation, creation of gesmural areas, agriculral
development and forest creation (afforestation) (deigure6--4), the bars that extend towards the left of

the y-axis).Taking recultivation measures between 2000 and 2018 into account, four main processes of
reusing formerly developed land appear: water body creation, creation of-sataral areas, agricultural
development and forest creation (afforestation) (deigure6--4), the bars that extend towards the left of

the yaxis).¢ KA & OKI NI OFly 0SS NBGNASOSR Ay GKS alyYS RI &t
statisticsgchaNIi ¢ | YR & SH /SMOiéA yIFa aHanSINDF GA 2y LISNA2R | yR a
dza Ay 3 GKS b[ 9! lod¥2 RBEG SW2IND G KS &99!
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Chose observation period Choose land covers or ecosystems
2000-2018 LEAC code

Chart type Geographic extent
Land take drivers EEAZ9

Land take 2000-2018 (km?)

Expansion of airports I
Expansion of construction sites | _
mwps\te;‘ .
Xpa arbours ‘
Expansion of industrial & commercial sites I _
Expansion of mines and :.1;rmrga"@a;| _

sure facilities |

Expansion of sport an

Expansion of transport networks -

Green urban areas |

Urban dense resident

Urban diffuse residential ex

Arable land & permanent crops
Pastures & mosaic farmland
M Forests and transitional woodland shrub
Natural grassland, heathland, sclerophylous vegetation
Open space with little or no vegetation
Water bodies
B wetlands

Figure6--3 Major drivers of land take processes broken down to thoover classes. EE39, during

the period 20062018
Sourcehttps://www.eea.europa.eu/dateandmaps/dashboards/landake-statistics

¢KS AYydSNI Ol A D8 colker an& chahgeNAtist2sy200a1] Miyglows to analyse in detail

the Land Cover Flows (LCFs) responsible for the formation of artificial surfaces at national level. Opening
GKS GFo a! 002 dzy G A ya0l K2\ & £l 3y Ri KO NSNEriSakblyyseis &b thedzS &  C
RSAANBR [/ C LISNAR2R o6dzaaAy3a [/ C [S@St HOX GKSYy OK:
G! NODAFTAOALE &adzNFIF OSa¢ dzy RSNJ a! O02dzyiAyI-oPE dasaod
demonstrated inFigure6--55 to Figure6--9, the expansion of construction sitekf37) together with the

sprawl of industrial and commercial sitdsf81) as well as diffuse urban developmeltfd2) have the

largest impact in most of the countries. Spain shows the highest levels of artificial area formation in the

first two periods 2002006 and 200&012, while Turkey climbs the ranking in each of the periods up to

be the country with the largest artificial surface formation between 2012 and 2018. In the same period,

the formation of artificial surfaces declined substantially in S@eid is only one quarter of what it used

to be in the previous periods.

(21 https://www.eea.europa.eu/dataand-maps/dashboards/langdoverand-changestatistics
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Period
2000-2018

Chart type
Land take drivers

M Forests and transitional woodland shrub
B Arable land & permanent crops
M Pastures & mosaic farmland
M Natural grassland, heathland, sclerophylous vegetation
M Open space with little or no vegetation
‘Wwater bodies
W Wetlands
M Artificial surfaces

Figure6--4 Major drivers of net land take processes broken down to land cover classes-IEA

during the period 2002018
Sourcehttps://www.eea.europa.eu/dataand-maps/dashboards/landake-statistics
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Proportion of LCFs responsible for artificial surface formation, by country, 20062

Figure6--6
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Proportion of LCFs responsible for artificial surface formation, by countryl 22018

Figure6--7
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6.2 Agriculturl land

This section presents selected examples on how the land accounting system developed by EEA and
ETC/ULS can be udedanalyse trends in agricultural land cover and to some degree agricultural land use.

It needs to be stated that the data presented on agjtieral land area in this report are based on Corine

land cover and thus not fully comparable to Utilised Agricultural Area (UAA), which is based on agricultural
statistics. Nevertheless, they allow a very comprehensive tracking of trends in agrica@hadarea and

of farmingrelated land covetrends thatshowthe sources and losses of agricultural land area in great
spatial detail.

The overalland areafor agricultural production has decreased substantially between 2000 and 2018,
leading to a reductin of cal4532km?in the EEA39in this period, a loss of €a6%of the initial stock of
farmland. However, while theonsumption of agricultural land (considering both arable land/permanent
crops and pastures/mosaics) had its peak in the period Z&, it has declined by around 25%
compared to the previous peridaetween 2012 and 2018 (séagure6--8).

18000

15782
16000

14000 13669

11787
12000

— 10000

[km

8000

6000

4000

2000

2000-2006 2006-2012 2012-2018

O Total consumption of agricultural land

Figure6--8 Total consumption of agricultural land during 202018, by period, EEB9

The pattern can be explained by deducting statsfrom the land accounts viewé?2) by comparing the
areas that the various LCFs consume under agri@iltand usebetween the period 200@006, 2006

2012 and 20120183. Plotting these by countries shows that the médntors behindhe decline in tle

last accounting period are (i) the substantial decrease ofetkansionof discontinuous urban fabric as

well as economic and commercial sites in several large courfeigs97 % and-80% in Spain 0162 %-

39% in Francand-87 % decline ofesidential sprawin Germany; (ii)decreasing conversion of farmlands

to forests or other semmnatural lands(e.g.-84% in Hungary); and (iii) a decrease of construction
development in Spaingl%). Separating the two categories indicates that it igarticular arable land

and permanent crops for which the consumption decreased after 2012, whereas the consumption of
pastures/mosaics remained rather stable in all accounting periodsHigeee6--12).

(22 https://www.eea.europa.eu/dataand-maps/dashboards/langdoverand-changestatistics
(23 See land accounts hittps://www.eea.europa.eu/dataand-maps/dashboards/langtoverand-changestatistics#tab
basedondata® ¢ I 6dzf  NJ AYF2N¥YIFGA2y OFy 68 NBGNRKSOIIR oF NGB (BRS

selecting the respective Land Cover change peribdCL ¢ [ S@St wé yR NBFIRAYy3 GKS &I f dz
LISNXYIFySyilid ONRLIWE a ¢Sttt a atladdaNBa 9 Y@banO FlL NXYE | yF
RAFFdA S NBAARSYILINItS ta LINE GAtyERSdZAGENRT ofc k R A ORMTSENDYE ¢ F fR G 6
FYR aft OFcHéd | @GAadzdt NBLNSaSyidldAzy 2F GKS GFodzZ I NI @I ¢

cOKIFNIiaé¢ o
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Figure6--9
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Decrease of agricultid landduring 20002018, EEA9.
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