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62Abstract

63

64BIOPRESS ( Lonking ParEuropeanland cover changeto presaures on Biodiversityd, a
65European Commisson funded &Global Monitoring for Environment and Secuityd project
66producedand cover changeinformation (1950 2000) for Europefrom aeiral phaographsand
67tested if this information is suitade for monitoring haktats and biodiversity. The methodsand
68results related to the land cover changework are summarised. Changesin land cover were
69estali shedthrough73 window and59 transect samplesdistributed acrass Europe.Althoughthe
70sample size was too small andbiasedto representthe spatial variahlity observedin Europe,the
71work highlighted the importance of method corsistercy, the chace of nomenclature and spaial
72scde. The results suggest different processes aretaking placein different paits of Europe:the
73BorealandAlpineregonsaredominaedby forest management; abandoment andintersification
74aremainly encouteredin the Medterranea; urbansation and dranageare more charateristic

750fthe Continertal andAtlartic regons.
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761 Introduction

77

780ur environment is cortinuowsly undergong changecawsed by a combination of sodd,

79ecommic and naural processes which operde at all scdes from the local to the globd. The
80presentmost prominentchangesve arewitnessng andwhich haverecerly beenconfirmed by
81the fourth IPCC summary report (IPCC 2007) are those cawsed by global climate change Not
82east importantandrelated to climate changearethe changesn the use of our environmentand
83naural resources. The Convertion on Biological Diversity which was agreedn 1992,and more
84recetly, the UN Millenrium Ecosystem Assessnent, which cariied out a first global éciertific
85apprasal of the condtion and trends in the world 6 scasystems and services they
86provd eMillenium Ecosystem Assessment 2005), demonstrate a growing interndional
87avarenes in the importance of maintaining 6 h lehy ecosystems to preservelife aswe know it
88today.

89

90 In Europeseveralndional and internaional legal mechamsms (e.g. AmsterdamTreay

911997, Hahtats Diredive, EU Common Agricultural Policy) have beenset up to protect the
92Europearenvironmert, ensure sustainalde use of its natural resourcesandmaintain anaccepade
93 evel of biodversity. Protedion requres monitoring and so in Europethese mechansms have
94encouragedhe estalishment of a wide range of, often unconneted naional and regond,

95envronmertal monitoring adivities. Without a common method andor referencepoint it has
96beendifficult to corsolidae or comparethefindingsof suchadivitiesto build up anoveniew of
97theenvironmenal change®ccuringacrass Europe.

98

99 GMES (Global Monitoring  for the  Environment and  Secuity,

100http://ec.europaugmes/index_erhtm) and INSPIRE (Infrastructure for Spaial Information in

8 4
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9
101the EuropeanCommunity, http:/Mww.ecgis.org/inspire/) are initiatives which beganshortly

102ater the start of the millennum. GMES is drivenjointly by the EuropeanSpaceAgercy andthe
103EuropeanCommisson andaims to estabish a Europearcapadty for monitoringthe envronment
104by 2008. This invaves, amongst others, the corsolidaion of existing naiond, regonal
105monitoring networks and the devdopment of benchmark daasets. INSPIRE recertly ddivered
106he EuropeanINSPIREdiredive, which erteredinto force on 15 May 2007,laying down rules
107for the estadishment of an infrastructure for spaial information in Europe, Gn support of
108envronmerntal padliciesand pdiciesor adivitieswhich may havea direct or indirectimpact on
10%he environmertd With the estabdishment of a global commitment to the Global Earth
1100bservaion System of Systems (GEOSS) in 2005,GMES andINSPIRE becanepartof Eur o p e 6 s
111cortributionto GEOSS.

112

113 This paper gives an oveniew of a European Commisdgon funded GMES project
114BIOPRES S LiKkilng PanEuropearandcoverchangeo pressureson Biodiversityd. Theinitial
115focusof BIOPRESS wasto producea standardsed historical (1950 2000) land cover change
116producthatwould be extendalbe to the panEuropearievelandto idertify andreportto GMES
117he techncd, scientific, all aspeds of daa accessbility, daa qudity, organsationd, legaland
118ngtitutional hurdes encouttered at each stage of the devdopment and produdion process
119BIOPRESS dso tested the hypothesis that remotely sensed delived land cover is suitalde for
120monitoring hahtats and biodiversity. The aim of this paperis to summairze the key stepsand
12Imain results related to the land cover changework. Further pulicaions from the team have
122preserted spedfic methoddogical devdopments and more detail ed results (e.g. Thomson et al.
1232007).

124
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1252 Background

126

127The clearest indicaion of a changein the envronment is when the land cover changs.
128Infomation on landcoverandlandcoverchanges bdievedto be one ofthe benchmark datasets
129wvhich regures a common approachin recordng acrass courtries becage of its value as an
130envronmertal changendicaor (Wickham etal. 2000;WeberandHall 2001;PeréraandCooper
1312006).At globd, continertal and regonal levd, land cover type produds haveand are being
132producedvhich are differentin tems of ther spaial coverand scde and class definition, thar
133charateristics beng determined by the purpae for which the were creded and the adoged
134method. The 1 km IGBP land covermap, for example, was the first globalland covermap at a
1351 kmresolution which was producedusing satellite imagey (i.e. 1 km AdvancedVery High
136Resolution Radometer on boardthe NOAA satellite series) acquredin 199293 (Lovdandand
137Bdward 1997). Its 17 coverclassesarerestricted in number and dgail by the sourcedaa used
138andits reliahility varieswith coverclass asthis map was spedfically producedto estalish the
139dobaldistribution of the main forest types(Lovdandet al. 1999). Subsequentgloballandcover
140maps, also delived from satellite imagey, are the 1 km Global Land Cover 2000 daabae
141(dervedfrom 1 km SPOT Vegdation sensor daa on boardthe ENVISAT satellite) andthe 1 km
142M0D120Q1 product(deiived from the 1 km Moderde Resolution Image Spedroradometer on
143boardthe TERRA and ACQUA satdllites) (Friedl et al. 2002). Redising the varying needsof
144dfferent user communities MOD12Q1 represerts the globe in five different land cover
145dasgficaions, oneof which is the IGBP clasdficaion, andheris an 11 class Plant Fundional
146Type clasgfication. The 300 m GlobCoverLC v2 product(Arino et al. 2005, GlobCoverLand
147Coverv2 2008 daabase) is currerily the most recertly devdopedglobal produd. It is denved
148fromtime seriesof MERIS - ENVISAT imagey acquredfrom Decanber2004to June2006and
149expoits variationsin phendogy to distingu sh thematic coverclassesthatarecompatible with the

12 6
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150FAO Land Cover Classficaion System, also referredto asthe UN Land Cover Classficaion

151System (LCCS)(Di Gregoio andJansen1998).

152

153 The first land cover map producedfor Europeis the CORINE land cover map (CLC)
154wvhich agan was delived from satellite imagey acquredin the 1 9 963 @.e. 30 m Thematic
155Mappersensor on boardthe Landsat satellit es). But this is wheresimilartiesend. The CORINE
15@8and cover map (CLC1990) is producedthrough manual interprdation and has a minimum
157mapping unit of 25 hafor areafeaures and minimum width of 100 mfor linear feaures
158Heymann etal. 1993).At its highest thematic level (level 3) it shows 44 classeswhich describe
159and coverand use. CORINE land cover hasrecenly beenupdaed using Thematic Mapper
160magey acquredin 2000anda GORINE landcover2006is currertly underprodudion. Ancther
161Imorerecentsourceof landcoveranduse daa for Europeis providedby the LucasSurwey (Land
162Use/CoverAreaframe statistical Survey) which was first caried outin 200103 andrepe&edin
163200507. In cortrast with the satelli te based approachel sted abovethis survey usesa statistical
164sampling framework (i.e atwo stagesampling design basedon an18 km x 18 km grid andrelies
1650n field surveys and aeral phaograpgy to determine the class membership of grid points
166(Gosepdh et al. 2003). Even thoughthe grid point dersity is relatively high, LUCAS cannot
167ddiver spaial statistics.

168

169 Landcoverchangecan be deteminedusing a wide variety of approachesvhich canbe
170groupednto threemain caegoies. post classficaioncomparison, updding or backdéingfrom a
171bae line classfication and direct deedion of changeby combining multi-temporal sourcedaa
172(.e.mostly airborneor satellite imagery). (Coppn et al. 2004) provide a comprehesive review,
173nduding techncal advartagesand disadvariages, of the post clasdfication comparison and

174drect changedeedion approacheshat havebeendevdopedto dae. Both types of approaches

14 7
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175generlly arebased on auomated imageprocessng and classficaion technques. Backdding or

176updéing from a baseline classficaion is very much assodated with manuwal interpreation of
177aeral orsatelliteimagey. Themain issuewith post clasgficaion compatisonisthattheaccuray
178ofthe changedaedion will be at best asgoodasthe combinedaccuray of thetwo independent
179dasgficaions(Coppn etal. 2004),while, backda@ing andupdding areaffeded by the accuray
1800f the basdline clasdfication. The direct deedion methods are designed to circumvent this
181protbem, but rely more heavly on corsistercy (with respectto for example timing of acqusition,
182qudity, sensor type) in the sourcedaa. Althoughthe generalcorsensusis thatreliabde change
183deedion requres consistercy in the used sourcedaa and clasdfication system betweentime
184pants, one small advartage of post classficaion compaison is tha, if the independentand
185coverproduds are based on different clasdgficaion systems it still is posgble to delive change
186statistics providedthatthe classfication systems arethematicdly linked(i.e. haamonised, (Wyatt
187and Gerard 2001). (Comber et al. 2004; Fisher et al. 2006) advocae a fuzzy, probalili stic
188approach,whilst (Lepers et al. 2005) who were synthesising global land cover change
189nformation and were deding with 49 dfferent daa sets, would adoptthe definitions of a
190paticular data set which would vary with the type of changethat was underscrutiny. The other
191approachéasherenly assume the use of the same classficaion system at eachtime paint. In this
192cae, theinitial chace or design of a clasgficaion system (land coverandor use) is crudal as
193hereis no such thing as a standardsed land cover clasgficaion system that will satisfy all
194pessble naiond, Europeanor global stakehdders concernedwith environmertal monitoring.
195The FAO land cover classficaion system based on a system of attributes (Di Gregoio and
196Jarnsen1998)is oneof thebest attempts to date to providea common but still flexible system.

197

198 Both IGBP and CORINE land cover are some of the few globd/continental land cover

199produts which can provide changestatistics for a ten year period. CLC2000 was produced

16 8
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20Qhrough the marual updaing of CLC1990. In this case the updding was aso seen as an

201oppotunity to correctfor errorsobservedin the 1990 layer (Perdgaoand Annoni 1997).As a
202result CORINE updaing producedsimultaneowsly a CLC2000layer, a corre¢ed CLC1990layer,

203andchangedetedion statistics observedover a 10 year period. Tade 1 bdow givesthe change
204statistics caculated for CLC thematic level 1, the lowest thematic levd. The tabe shows that
2 0 Agdcultural Areasd undewent the biggest changs: ~814 thousand ha (i.e. 0.2 % of the 359
206amillion hawith CORINE coveragelwaslost to dArtificial Surfacesdandwhile in some areasof

207Europe ~ 406 thousand ha was conveted to 6 F atramd semi naural are&d jn other areas

208~ 36&housand hao fAgriwultural Areassdwereredaimedfrom 6 F @t enelsemi naturalareab .

209

210 Insert Table 1

211

212 With respectto Europe therehavebeenthreeaddti onalinstancesvherechangedetedion

213was canredoutfor a perodlongerthentenyears. Two of these adivitiesfocusedon oliaining
214changenformation for cettain key areasof Europe:the Europearcoastline(i.e 19761990,the
2159 ACOAST projed, (PerdgaoandChristersen2000)) andhe peli-urbanzoneof 25 largecities
216(.e.19501990,the MURBANDY/MOLAND prged, (Lavdleetal. 2001;Lavdleetal. 2002)
217andwerebath basedonthemanualbackdaing of CLC1990usingMSS Multi-Spedral Scanner
2180on boardheealty Landsat satellit es) andaeral phaography respedively. The LACOAST results
219%howedanurbangan aongmost paits of the EuropearnCoastlinemainly atthe cost of
220agrcultural andforestedareaqFigurel). MURBANDY/MOLAND found ageneraincreaein
221urbarsprawl rangng from 25 % (Ruhrgelet, Gemany) to 270 % Algarve,Portugd) of the
222oiginalurbanarearecordedn the 1950swith anaveragef 117 % [Tade 2). Theaveragdoss of
223nduralandagiculturallandto urbansprawl was 22.0 %with Iraklion, Greecdoosing the most

224(41.3 %) andresden,Gemany theleast (7.3 %).Thethird instancecariedout mantel

18 9



19
225backdangof CLC1990with 1970sMSS imagey for four neghbourng EasternEuropean

226Courtries, namely, CzechRepultic, Slovaka, RomanaandHungary(Feraneetal. 2000).The
22Avork highlightednaionalvariations, where athough deforstation was the most important
228changédor CzechRepultic, SlovakaandHungay, the netamount of forest lost would vary from
22952.5 %10 25.9 % andl0.1 % repedively. Both RomanaandSlovakawitnessedsubstartial
230osesandgansof intersively cultivatedland, espedively 26.2 % and®3.5 %loss and21.6 %

231and34.3 % gin. Thisaso occurredn Hungay andthe CzechRepulhic, butto alesser extend.

232

233 Insert Figure 1

234 Insert Table 2

235

236 BIOPRESSs focuswasto determine how past changesn landcoverfrom 1950to 2000

237may haveimpaded on halitats and ther assodated biodiversity. Similaly to LACOAST and
238VIURBANDY/MOLAND amanualbackdaéing approactwas adoped,buttheaim of BIOPRESS
239wasto capureoverdl paternsof changehathadoccurredn themain bio-geograpical zonesof
24CEurope,with a focuson proteded area, andto devdop ways of conveting this informationinto
24Imeasuresof impact on biodiversity. Aerial phaogragy was chasen asthis wasthe only type of
242ddathatremainedcorsistentfrom the 1950sto the presert.

243

2443 Methodology

245

246The apdied method was designed to produceland cover changeinformation callected in an
247opertiona and corsistent manner from samples which are repreentative of the man bio-
248geograpical regons of Europe and induding areasof importance for Europeanbiodiversity

249(NATURA 2000sites- EuropeanCommisson 2003).Landcoveris classfied accordng to the

20 10
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2500Q0RINE LandCovernomendaturewith 44 classesat the highest level 3 (Heymann etal. 1993).

251Changevascapuredby meansof 6 b a ¢irk gléherethe older dataset is comparedaganst the

252most recen. Thereweretwo approachewith differentscae of interpreation:

253

254

255

256

257

258

For regons( vaindowsd df circa30 km x 30 km in size, aefal phaographs othe 1950s
were comparedaganst CLC90. A minimum mappng unit of 25 hawas used which is in
linewith thestandardCORINE LandCoverminimum mapgng unit.

For tramseds of 2 km x 15 km, aeral phaography from1950, 1990 and 2000 were

interpreéedata morespaially detail ed minimum mapping unit of 0.5 ha.

259Thewhole processinvolved5 keysteps:

260

261

262

263

264

265

266

theseledion of NATURA 2000sitesto positionthewindows andtrarseds,
thesearchacqusitionandpre-processngof aeral phaograpts,

themanual interpreation of the phaographs

theassesgmentof thequdity of theinterpreationand

the storageof interprdation results and its assodated daa and metadata in a certral

database.

2673.1 Sanpling of sites

268

269T o ersure thatthe results of the andysis of land coverchangecoud beinterpraedin the wider

27CEuropeanconext, windowvs and transeds that are truly represertative of the diversity of

271Europeanbiogeographywould haveto be seleded. However, the diversity in land cover and

272rdatedlocallandscapefeauresacrass Europeis very high andnotrandanly distributedso thata

273repreertative sample would needto be stratified and largein size. Severalexternal factors

274corstrained the sampling strategy. Budgedary constraints requred an approachwhich aimed at

22
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275ersuring the highest beneit from alimited (i.e. affordade) number of sample sites. Stakehdders

276were expeting the daa not only to describe generalpaterns of changeacrass the European
277counryside, butalso to providecompaiisonsbetweenchangesnsideandoutside pratedednaure
278reserves(i.e. NATURA 2000sites). As aresult the NATURA 2000 nework beame the starting
279poant from which the windows and trarsect sites were seleded. The Biogeograptcal Regons
280Map of Europe(BRME) (http://www.eea.europa.ewyas used for stratification providing close
281linkageto the Hahtats Diredive, Birds Diredive, Emerald Network andNATURA 2000.

282

283 Direct access to the NATURA 2000 database which cortains locaion and haktat
284decription of al NATURA 2000 sitesin Europeprovedimpaossble becawse of restrictionson

285accss to this source.So, a superset of 229 NATURA 2000sitesof Europeanmportance were
28Gdenified by an external expert (Pierre Devill ers of the Rgal Belgian Institute of Natural

287Sctences) with access to the database. Pierre Devill ersused a combination of information within

288he NATURA 2000daabase andhis expetise to selectrepresentative andimportant sitesacrass

28%urope.
290
291 Next, a seledion from the superset of 229 sites was made,aimed at (i) generéing a

292BRME areaweighted sample of 100 windows and (ii) represerting as many of the 4 EUNIS
293Annex!| haltats (http://euns.eca.europa.@introductionjsp) that were idertified by the
294stakehdders, as possible (i.e. 6 leshwater habtatsd ,dNatural and semi-naural grasdand
295formationsd ¢ Rsed bogs and mires and fensd and d~orestsd )In cases of equal number of
296halitats presentper BRME regon, window seledion wasdonerandanly. In pardl el the paitners
297set out to selectbeweeneight andten transeds per patner courtry (UK, Finland,Belgium, The

298\etheldands, Gemany, Span, andSlovakia) accordngto thefoll owingrules:

24 12
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299

300

301

302

303

304

305

Each tramsect is locaed inside a superset window site and cortains at least part of a

NATURA 2000site.

Sdecttwo representative trarseds for eachof thefour predefinedAnnex| hakitattypes

For addti onaltrarseds, nationdly important NATURA 2000sitesshoud beconsidered.
Trarseds shoud representa gradentof pressureson landcoverstarting from the edgeof

aNATURA 2000site andbearng towardsanintersively usedarea.

3063.2 Agial photography

307

308Thesearchcriteriafor theaeial phaograpy were:

309

310

311

312

313

314

315

316

317

318

319

320

Phdo coverfor thewindowvs must indudethe NATURA 2000 cefre paint.

The locaion of the windows can be shifted andor rotated provided that the NATURA

2000 certre paint is at leasst 5 km from the edgeof the phao cover. The locdion of

trarseds can beshiftedaslongasseledion criteria (seeabove)arenot compromised.

The phaographc coveragds at least 75 % of the window. Cloud coverages less then
10 % andmagey is snow free.

The timeframe for windows is beween 1943 and 1959 and for trarseds between
19431959,19881992 andl9982002.

The scde of the phaographss beaween1:25000and 1:60000and between1:10000and

1:25000 forwindows andtrarseds respedively.

It was clearfrom the begnning that these preset criteria combined with external factors

321such as daa aval ability, accesshility and cost would affect the final number of windows and

322rarseds. Also dependhg on the sourceof the phaos, pre-processng was expected to involve

26

13



27
323any number of the following steps: (1) scannng of hardcopy, (2) introdudng fidudal marks, (3)

324otho-redificaion,andmosaicking.

325

3263.3Manual photo interpretation

327

328The prodem with most Europeandata sets is that they are incorsistent acress regons andor
329courries. In this pioject oneof themain stepstakento achievecorsistercy wasthedesign of two
330maruas for phao interpraation (Feranecet al. 2004; Feranecet al. 2004b):one clarfying the
331A.C level 3class definition with respectto 1:25000a 1:60 000 scde panchronatic aeial phdos
332(minimum mapgng unit of 25 ha)and providing rules for backdaing CLC90 with phaos
333fwindows), anaherdescribing the CLC level 3 claseswith respectto 1:10000a 1:25 000 scde
334phdos (minimum mappng unit of 0.5 ha)and providing rulesfor changedetedion from phatoi
33%o0i phao interprdation (trarseds). The other stepstakento ersure consistercy weretraining of
33&heinterpraersandqudity assesgnernt.

337

338 Theinterprdation approach addpd forthe windows wasto overay the CLC90palygons
339onmosaics of 1950s phaos and to focus on idertifying change.The original 1990s Landsat
340scenesfrom which CLC90 is delived were, where avdlable, used to distingush real changes
341fromchangedueto errorsin the CLC90 database. Only the changeddievedto be real were
342recordedThe resulting output was a CLC50 to CLC90 changematrix for eachwindow. The
343approactadoped for the trarseds wasto interpretthe most recentaeral phaographsfirst and
344then backdae (Figure 2). The first interprdation has poygons labded with the land cover of
3452000(CLCO00). In the secondinterpreation, using the aeiral phaos of 1990 (CLC90), only new
34dinesareadded.The newly creded paygonsrecave alabelwith thelandcoverof 1990andaso

3472000 .For paygonsthatdid not changethe attributesof CLCOOarecopedto CLC90.Whenthe
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348nterpreaation of 1990is finishedthe same procedurecan be followed for 1950 (CLC50). This

349ersuresthat the interprder only addslinesand creaes paygons if the land coverhaschanged.
350T heresults arepaygonswith multiple attributeswhich wereusedto producechangestatistics.
351

352 Insert Figure 2

353

3543.4 Quality Assessment

355

3568Qudity assessment providesa measure of accuray of the interpraations. The generalprincple
3570f any qudity assssment QA) procedurecorsists of compaing the obtained results with
358ndependendaa. However,espedally for the 1950s, no comparalle independentlataset exists,
35%0 the QA procedureshat were devdoped aimed at estalishing a measure of corsisterncy
360bdween interprders. For the windows, an independenexpert (cortroller) would reinterpret
361sampled area$b km x 5 km verificaion units) thatwereidertifiedwithin a seledion of windows
3620y pladng a squaregrid 5 km x 5 km overthewindow areaandlooking for 5 km x 5 km areas
363which indude the most commonly occuring types of land cover changesof the courtry the
364window represerted or where strange and unexpeted types of changeswere observed. The
365vindows seleded were thase which showed the highest rate of changewithin one courtry. In
366aotal circa 7 % of the total areainterprded was verified. The corsistercy R (%) for a given
36Avindowwascdculatedas: R= A/N*100 whereA is the numberof idertical changedi.e.in both
368size andtype) andN is the number of all changesn given window idertified by cortroller and
369nterpraer. A window is rejeded and returned to the interpreer for improvement when its
370corsistercy rateis béow 85 %.

371
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372 For the tramseds, a more extersive approachwas adoged aimed at evduaing the

373hematic, geanetric and changedeedion aspeds of the interpreaation. Here 18 transeds were
374ranterpretedsix timesusing a point grid sample, eachtime by a differentindependentortroll er
375andfive trarseds werereinterpraed fully by oneindependentortroller. Only the results based
3760nthe paint reinterpreation that assess the corsistercy in class idertification (i.e. thematic) and
377changadegedion are indudedin this paper.The thematic corsistercy between cortroller and

378nterpraer was cdculated by meansof confusion matrices (Prowost and Kohavi 1998). Cover

379dass corsistercy ECandovereil thematic corsistercy k werecdculatedas fdlows:
- a
ﬁ C

380 n.*6

381wherea, is the numberof grid point observaion idertified asclass C on both occaions(by one
3820fsix cortrollersandinterpreer),andn. is thetotal numberof grid pointsidertifiedasclass C by
383he interpreer. As oneinterprdation is cortrolled independethy by six observes, it hasto be

384weighted by the numberof observes.

o a
B —
385and n*6

386wherea is the numberof grid point observaionsthatidertified the same class on bath occasions

387y oneof six cortrollersandinterprder),andn is thetotal numberof grid points.

388 The corsistercy in deteding changewas done by comparing the land cover changes
389%statistics cdculated from the interpreaation of the local interprder and the cortrollers for the

390perodsbeween195062000, 195601990 andl99G2000.

391

3924 Results

393

3944.1 Windowand transectsites
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395

396Aeral phaos of the 1950s wereobtained,processed andinterpreaedfor 73 window sitesand59
397%rarsect sites. The 73 windows are distributed acrass 17 courtries, 36 arelocaed in the eight
398patner courtriesand 37 outside pattner courtries (Figure 3 and Tabe 3). The total interpréed
399window areais 59297 km? and the total interpreed trarsect areais 1807 km?. While for the
40Qrarsectsitesfull areacoveragevasachievedin most cases (.e.30 km? pertrarsed) the resulting
401areanterpréed perwindowsite dependedn the aval ade phao-coverageand CLC90 coverage
402(Fgure4). 36 of the 73 windows achievedmore then 750 km? coverageThe lowest coverages
403achevedwere for windows in Hungay and Romania. The excepionally largeaveragesize of

404windows in Pdandis cawsed by the merging of two pattially ovelapgngwindows into one.

405 Insert Figure 3, Table 3 andFigure 4
406
407 Figure5 comparesthe relative areadistribution per BRME zone,with the relative area

408dstribution achievedby transect and window sites and the relative number distribution of the
409oiginal 229 superset sites. Note thatthereareno transeds within the Pannoman zone,although
410here are windows. In generd, the Alpine and Atlartic zonesare oversampled, whereasthe
411Borealzoneis undersampled. Note also that the expertwas biased in his seledion towards

412NATURA 2000siteslocaedin theMedterranearandthe Pannoimanzones.

413 Insert Figure 5
414
415 The vanahlity of the BRME zonesand the window and transeds sites in terms of

416C0RINE landcoverclass propotionswasinvestigatedin detail to assss theuse oftheBRME as
417aspdial framework for extrapdating the land coverandland coverchangedaa measuredfrom
418he sites. Figure 6 shows that the sample size is too small to differertiate between the

419hogeograplital regonsdueto thelargevariahility in landcoverdistributionswithin the regons
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420andthe sites. The use of the NATURA 2000 network as the focus for the sampling hasaso

421linfluencedthe results returnedby the windows and transeds as both are biased toward semi-
422ndural condtions. As a result both the window and trarsect sites are less representative of the

423BRME zonesas awhadethana randonstratified sample would be.

424 Insert Figure 6
425
426 Althoughthe BRME was corsideredto bethe most suitalde stratification for BIOPRESS

427gvenits wide user supportandthe small numberof zones, the overdl condusion of theandysis
428was that the naure of the BRME and BIOPRESS sampling schane were not approprate for
429exrapdation of landcoverchangeaesults acrass Europewith any reasonalle level ofconfidence.
430The real issue is the number of samples and ther distribution. The window areasprobalby
431repreent no more than 1.5% of Europe which is inadequee for a regon with such vared
432andscapesmoldedby nature andhumans. At aworkshop (Jongman, personal communication) a
433eam of expets estimatedthatapproxmately 5250sitesof 1 km? in sizedistributedin a stratified
434randommamer using the much more deailed 350 class Europeanlandscape database for
435stratification (i.e. LANMAP2 (Jongman et al. 2006) would provide a statistically reliade
436estimate of al Europearhahtats (i.e 15 sitesof 1 km? perstratum). If theaim is to comparethe
437situaion inside and outside prateded nature reservesan addtional sample set represertative of
43&henaurereserveswould haveto beadded.

439

4404.2 Quality of interpretation

441

442A total of 204 verification units were assessed locaed in 43 of the 73 windows. The average
443accetable corsistercy rate aclievedwas 94 %. Tale 4 givesthe overdl thematic corsistency

444caculatedfor thethreetime points andthethreeCLC classficaion levds, using theresults from
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4454d| grid points of al trarseds. As theresulting number of grid points differed betweenindividual

44@rarsed, a trarmsect spedfic weighting was assgnedto eachpoint. The weighting factor was
447defnedasthetotal transectarea,dividedby the number of validation points. Thetime point was
448foundto haveno influenceon thematic corsistengy. Increaing thematic detail at the otherhand

449hasa highimpact, cawsing a redutionin interprae r dorsistency from 91 % atlevellto ~ 54 %

450atlevel3.

451 Insert Table 4

452

453 At individualtrarsectlevd, the thematic corsisterncy shows the same trendsas observed

454for the overdl thematic corsistercy. However, due to the spedfic landscapecharateristics of
4550me of the sites we found in some cases that interpreations at CLC level 1 and 2 achieved
456similar levds of corsistercy which werevery differentfrom the corsistercy achevedat level 3,
457whil st othertranseds show similar corsistercy atlevel2 and3 (e.g.Talde 5). Talde 6 shows the
458overd corsistercy in deeding changeat CLC level 3. In 77 % of the casesthelocalinterprder
459andthe cortroll ersagreeon the changs. In 14 % of the casesthe controller found changeghat
460were notdeteded by the local interpraer and 9 % of changesare idertified by the local
46linterprder butnotby thecortroller.

462

463 Overdl, the interpraation team managedto maintain a high level of interprdation
464corsistercy. This meansthat the teamd $nterprdation of coverclasesandther changesvere
465foundto be either corsistertly corrector incorre¢. At CLC levds 1 and 2 corsistercy is very
466hgh (~91 % and~81 % respedively). At CLC level 3 only ~ 54 % of the time the interprders
467agreeon the coverclass The QA enalbed us to idertify which classs at what thematic level
468nhereproneto confusion. For example, the importanceof the convesion betweenarabe field

469andgrasdand is expeded to be inflated as the quéity assessment highlighted a corsistent
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470confeion between grasdand and arabe fields. The main cauwes for confusion for bath, the

471lwindow and trarsect interprdations, were ambiguous CLC class definitions, and the similar
472appearancef CLC claseson panchraonatic aeial phaogragy. An error propagéion andysis
473(notshown here)based on the QA results also enalbed us to estaldish that aeral phao qudity

474was anthermain fador introdudng confusion. Whatwe werenot alde to estaldi sh, dueto lack of

475ndependemnteferencalaa, is how oftenandin which casesinterpreersagreedvrongy.

476 Insert Table5 & Talde 6

477

4784.3 Observedland coverand land coverchanges

479

48QAlthoughthe size andlocdion of the samplesdid not allow for anextrapdation acrcss Europeto

481producea Europeanmap of changethe daa cdleded still producedsome interesting resullts.

482Tade 7 shows that the Europeanlandscapeis mainly a mixture of agicultural land (~ 30 %
483+ ~ 10% pastures), forests (~ 35 %+ ~ 11 % semi-natural area) with anincreaing amount of

484urbanfabric (~ 7 %). Figuresfrom the dOBRIS assessnend which were estimated from an
485aggregad (to a 250 m grid) and generéized CORINE land coverl1990, suggest a higher
486propotion of land coveredby arable land and a smaller propotion coveredby urbanfabric:

487forest cover33 %, arable land 24 %, extersive agiiculture andmixed landuse 24 %, pemanent
488cropsl5 %, pemanentgrassland 2 % and urbanareasl % (Stannersand Bordeaul995). The
489agicultural areashaveseena decresein areasof complex cultivation, whil st forested areasshow

490anincreae for al forest types (broadeaved,confer and mixedforests) anda sight decreae in

491transitional woodandandshrub (Fgure?).

492 Insert Tade 7, Figure 7, Figure 8

493
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494 The total extent of land cover changegshat have occurredwithin all windows account

4950ry to an averageof 10 % of the total measured area(the averageis taken from the three
496hematic interpraation levds). In otherwords, 90 % of the measuredwindow areashaveshown

497nochangeof land coverat all. Increaing the spaial resolution from 25 ha minimum mappng

498(windows) unit to 0.5 haminimum mapgng unit (transeds) invatiaby led to an averageof 2.8
49%imesmore areabengidertifiedashaving changedThis increae repreentedon average ®b6 or

50025% of thetotal areawheninterpraedatlevell (five coverclasses. Artificial area, Agricultural

501ares, Forests and semi-naural area, Wetlands, Water bodes) or level 3 (44 cover classs)

502respedively. An increae in thematic detail, from 5 coverclassesin level 1, to 44 classesin level
5033, not only cawsed an increae in the amount of changedeeded but also ateredthe trends
504o0lservedin theannualrate of changgFigure8). Whereatlevel 1 thetransectdaais suggestinga
505low dawn in themost recenttenyears, atlevel 3 changesn thelast tenyears aremoreevidentin

506paticular for Belgium, Gemany and UK. The aggregéed level 1 doesnot provide evidenceof

507changesappeing at a finer thematic level as shown from the andysis doneat level 2 and 3.

508This suggests that many of the changesaveoccurredwithin the more generalandscapelevel 1

509cdegoiesof buld up, agrcultural land andorest/semi-nauralland.

510

511 The dynamics of the changescan be beter undestood when andysing the land cover
512flows for the windows andtrarseds. With a clasdficaion system of 15 (level 2) or 44 classes
513(evel 3) theordicdly 210 or 1892 different types of land cover changeare possble. Figure 9
514show thelargest coverflows observedin level2 andlevel3 from thewindows (O10000haor 0.2
515%of total interpreed areafor 19501990)andtrarseds (0 1300haor 0.7 % of total interpreed
516aredor 19501990; 0300 haor 0.2 % of total interpreed areafor 1990-2000)in tems of total

517areachangedThemost important land coverconvesionswerefoundto bethefoll owing:
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518 From heterogeneousgiicultural areas(24 or 242, 243) to urbanfabric (11 or 112), to
519 arabeland (21 o211) ando forest (31 or 311, 312).

520 From arabe land (21 or 211) and pastures (23 or 231) to urbanfabrc (11 or 112) or
521 indwstrial, commercia, andtransport units (12).

522 From shrub andor herbaceoussegdation assdation (32 or 324) to forests (31 or
523 311,312,313)and its inverse convesion, i.e. from forest to shrub andor herbaceous
524 vegedation asdation.

525Theincreaedspaial detail of thetrarseds highlightedtwo addtional convesiontypes

526 Frompastures(231)to shrub andor herbaceousegedation asdation (324).

527 Fromarabe (211)landto pastures(231) andtsinverse convesion.

528The importanceof the latter convesion highlighted may have beeninflated by the corsistent
529dfficulty in differertiating grassland from arabe field on panchranatic phaogragy, even
53&hough rotation beween arable crops and grasslandsis common pradice in many European
531courries. Fromtheflows it is not clearhow many of the inverse convesionsobservedrelate to
532o0ppaite changeswvhich areoccuring in different placesor to areaswhich havebeenconveted
533backto thdar 1950sstate. Figure 10 shows the propotion of the interprded transect areathat
534undewent changetwice subdvided into the propotion that has revewsed back to its original
5351950sstate (i.e. inverse convesion) andthe propotion that changednto a different state twice
536(.e. forward convesion). At thematic level 2, Finland and Slovakia showed bath, the largest
537propotion of interpraed areathat undewent changetwice and the largest propotion of area
538howing aninverse convesion. Interestingy atthematic level 3 theoverdl areapropotionshave
539ncreaed substartialy for al courtries exceptFinland, but more striking, for Finlandthe area
540propotion undergong forward and inverse convesion is revesed. Further investigaion and
541camparison of the Finland and Slovakia cases show different paterns of changewhich are

542dependendn the history andeconany of theregon. For Finland,whereforest managmentis a

44 22



45
543key partof its ecoromy, theinverse convesionsatlevel2 andthe forward convesions atlevel 3

544repreentin most instanceghe same changesvhich areassodatedto aforest type GA6(e.g.313)
545 nonforest (324)71 forest type 6 B(6.9.312) convesion. Slovakia, at the other hand,shows a
54@arge propotion of inverse convesions at both thematic levds 2 and 3. Here, previously
547cdlectivized and intersified aralde land has, since 1990, lowly beenredaimed, abandonedr
548restituted to co-operdives(Kuemmerle et al. 2006),which coud expain the propotionsof land
549(28% and4 % of landthatunderentchangetwicei Figurell) showing aninverse convesion
550from242,6 anplex cultivatio nt@ 211,06 n -orngated arable la n dn@lbackand231, 6 staresd
551to 242 6 anplex cultivatio naimdback. Forest managment is likely to be the main exdandion

552forthetransitionsfrom 231 and3 2 4ramsitional woodandsh r utd361 * , sto@aridlmacke

553 Insert Figure 9, Figure 10 andFigure 11
554
555 To deermine whether charateristic regonal paterns of changecoud be observed at

556Europeanievd, the 1892 differenttypesof possble land coverchange(CLC level 3), observed
557forthe peliod 19501990, weretrarslated into six spedfic environmertal processesusing aland
558covelflow to pressuresconvesion matrix:

5591. Agricutural Intersification: indudes agiicultural convesions as well as cases in which
560 humanaltered areasbecane transformed into a more intersive pradice by changng the
561 nauralcover.

5622. Land Abandomert: indudesthe croppng cessation andconvesion into eaty successond,
563 herbaceoukahtats. Thetransition to woody, later-successonalhabtats hasbeencorsidered
564 as aMedterrareanextension of afforestation.

5653. Afforestation: indudesthe convesion of open(more or less naurd) haltats into forests or

566 macchas.
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5674. Deforestation: we havedistingusheddeforestation from afforestation insteadof consideling

568 thefirst as arelaxaion of thesecond Both arein factaffedingbiodiversity in differentways.
5695. Drainage: in a broad serse, indudes al changesaffeding aqudic haltats that are
570 trarsformed into moreterrestrial ones: disappearance ofvetlands, but also changesn rivers
571 andin estuaine area We have indudedland gan from intertidal and sea areasin the
572 Netheldands, aswell as thelost of pedlandsdraneddueto agicultural pradicesor redaced
573 by forestsin Finland.

5746. Urbarisation: indudesthe transformation to urbancoversbut also to related covers(road
575 system, leisurearea, corstruction sites, etc.)

576

577 Variations in terms of these presares (expressed as % window area)at play in the
578wnindows were asesedby meansof a derendedcorrespondencandysis (DCA, CANOCO 4.5).
579In addtion to individual windows, the BRME regons (as the barycentre of sets of windows
580ocaed within eachregon) and the six presaures(as barycentre of individual window scores)
581wereproededontheordinaion plan. Thefirst ordinaion planshown on igurel2 expains50 %
5820f the variation in the propotion of land coverchangeaccoured for by the six pressures. The
583first axis separdeslandscapesmainly affeded by afforestation and deforestation, two pressures
584 ocaed close togeher on the plan; thase are mainly found in Boreal and Alpine regons, two
585areasvhich aredominated by forest managament adivities. The secondaxis singesout changes
586adatedwith aghicultural adivities, mainly abandomentandintersificaionwhich arelocaed
587dose togeher on the plan and are mainly encouneredin the Medterranearregon, suggesting
58&hatin this regon, the two processes occurredsimultaneouwsly but not necessarily in the same
589dace.The same paternwas found to haveoccurredin Romania (Feraneat al. 2000) which in
590BIOPRESS is clasdfied as Cortinertal or Alpine. Findly, urbansation anddranageare shown

591to bemorecharacteristic of the Cortinertal andAtlartic regons.
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592 Insert Figure 12, Talbe 8

593

5945 Discussion

595

596Becase of the sampling size and a bias towards areascortaining naure reserves, it was not
597pwgble to producestatistical reliable estimates of land coverchangefor the six BRME regons
5980f Europe based on the BIOPRESS sites. BIOPRESS was a demonstration project testing a
599methoddogy that coud be apdied to monitoring habitats and ther biodiversity from pan

600Europeaniand coverchangeon an operdional basis if adequée sampling was provided. In this
601conext, the projectproducedsome interesting results. The degreeof thematic detail andlevel of

602paial detail of the land cover measured will determine the type, amount and rate of change
603deeded. It will also to a cettain extent determine the reliallity of the results, although other
604fadors such asclarnity of definition andthe qudity of the sourcedaa will aso play arole. The
6050iginal chace of nomerclature used to define the land cover,the charateristics of theimagng

606system andthe capalility of this system to distinguish the classesdefinedby the nomerclatureis
607mportart. For longterm landcoverchangedeedion, corsistercy in methoddogy is key, so the
608solution is eitherto havea nomenclature designedindependendf theimagng system used or to

609rdy on the long term avalahlity of similar and affordabde imagery (with respectto spatial and
610spedral resolution) (Duhanel 1998).

611

612 BIOPRESS,LACOAST and MOLAND/MURBANDY agreethat Europehaswitnessed
613an increae in urban sprawl, mainly in the form of discortinuous buildup. Interestingy
614BIOPRESS found that this is mainly at the cost of arabde land (211, 231 or 242) whilst
619 _ACOAST aso highlights lossesof forest to urbanandMURBANDY lossesof naural areasto

616urbanBeaing in mind thatall threefindingsarebased on biased samplesi LACOAST having
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617focised on a 10 km coastline buffer coastline, MOLAND/MURBANDY on largeurbancerters

618and BIOPRESS on areas near or surroundng nature reserves - the results suggest that

619urbarsation is widespreadacrass Europebut thatthe losersto urbansprawl will dependon the

6200calcornext.
621
622 The BIOPRESS results show differenttypes of changesdlominaing differentregonsin

623Europe. These are likely to have beenthe result of different sodal, pdlitical and econanic
624proceses. One paticular example was highlighted in this paper,showing hints picked up by
625BIOPRESS from the observeddifferencesbetweenFinland and Slovakia. Other more locdized
626anddedail ed studies cleaty demonstrate the importanceof these processes at naional andlocal
627evel andther impact on the evdution of the local landscape.For example, (Kuemmerle et al.
6282006 )found distinct differencesn the ecoromic andpdliti cal processesandsubsequentchanges
62%hat occurredfoll owing the breakdaevn of the Soviet Union beéweenthreenaghbouing Eastern
630Europeancourtries. (Mottet et al. 2006) who studied the land use history of eight farms in the
631FrenchPyrenees confirmed 6 matenes to be an important generc cawse of land covervuse
632changén the Europearmourtain areasut also detededlocal spedfic dynamics A stratification
6330fthe Europeariandscapeshoud therefore whererelevan, takeinto corsideraion local socal,
634ecolmic andpdliti cal background¢Jongmnanetal. 2006).

635

636 The methods implemented by BIOPRESS (and LACOAST and MOLAND/
63”™MURBANDY) areonly alde to determine convesionsfrom one covertype into anaher. Land
638covermodifications, wheredmore subtle changesaffect the charater of the land coverwithout
639chaning the coveritself @@re generdy more common thanland coverconvesions(Copn and
640Lambin 2004) and often have a significant negaive or paositive impact on haltat qudity and

641bodversity. A good example of land cover modification is the case of agicultural
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642ntersification. The 0 aigultural intersificaio ndeteded by BIOPRESS doesnot indude, the

643ubtle changesn, for exanple, ploughng frequencyand fertili zer and pesticide use. Sincethe
644dtimate aim of BIOPRESS was to assess how changedn the land cover had impacted on the
645halitats and ther biodiversity, the original ideawas to cagure some of the subtle changes
64ahroughthe integraion of sodal and econanic indicators with the land cover changematrices.
64 Moweverwe soonfoundoutthat(i) therewasvery littl e of suchdaa avalale for the 1950s, (ii)
648hemore recentladafoundfor Europevariedsignificartly in spatial andtemporalcoveragescde
649andsemartics and (iii) many datasets came with a price tag. Another GMES funded proect
650EUROSION which requredawide variety of coastal related daa experencedsimilar stumbling
651docks (EUROSION 2003). Still, BIOPRESS, in its secondphase, was required to assss the
652 mpactof landcoverchangeon halitats andther biodiversity. Landcovertype produds delived
653fromremote sensing are oftenlisted asa ¢ ibdiversitydor 6 e ironmertaléindicaor suitabe for
654deermining trendsin halitats and landscapelevel biodiversity. BIOPRESS demonstrated, by
655ncorporaing thelandcoverchangedaainto biodiversity impact tabes(methodsandresults not
656shown in this paper) tha, athough daa such as the CLC product can provide valuale
657nformation with patertial for improvement, there are clear limitations asodated to this
658approach.

659
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828Hgure7. Total area(%) of CLC level 3 (44 classes) covertypesfoundin trarseds (top) andin
829windows (bottom) for 1950,1990and2000(transeds only). Only the covertypescorrespondng
8300 the 10 hghest coveragegerceragesat anyonetime point areshown.
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841 Figure8. Annualrate of changale¢ededat CORINE LandCoverlevell (left) (5 dasses) and
842 level3 (rght) (44 dasses) cdculatedper couttry (top) andperbiogeograpita (BRME) zone
843 (bottom).
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84¢

850
851Figure9. The largestcoverflows observedatlevel 2 (15 classesandlevel 3 (44 classes)from

852thewindows (2 10,000hafor 195031990) andtransects(2 1300 hafor 1950-1990; 2 300 hafor
85319902000)in termsoftotal areachanged.Thethicknessofthe arrowsis relative proportionalto
854thetotal areachangedobservedThe completelisting of the CORINE level 3 classheadingscan

855befound in Table 8.
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864HFgurell. Themain typesandareapropotion of inverse convesionobservedfrom thetranseds

865n Slovakia. Thecomplete listing of the CORINE level3 dass headngscanbefoundin tabde 8.
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876

877Tale 1. Landcoverchange4990-2000 forEuropein hedaresas acrosstabuation beween
8780.C1990(rows) andCLC2000(caumns) (Sourcehttp://www.eea.europa.e@opyright EEA,

879Copenhage2005)
880
CLC1: Artificial CLC2: CLC3: Forest CLCA4: CLCh:
sufaces Agricultural | and semi natural Wetlands Water bodies
Areas areas
CLC1:
e 16,083,082 27,327 52,535 1,238 21,773
Artificial sufaces
_ CLCZ: 814,803 198,159,187 | 406,744 11,000 51,678
Agricultural Aress
CLCa3:
Forest and semi 151,337 368,496 134,252,861 7,136 36,154
natural ares
CLC4:
Wetlands 2,495 9,556 110,830 4,552,371 16,228
CLCS:
Water bodies 5,479 5,037 8,604 16,782 4,549,544
881
882

883Take2. Satidticsdiredly extradedfromthe MURBANDY/MOLAND daabase. Source:
884Lavdle, Demicheli etal. 2002.

885
City Total Total urban area Total greenurban  Urban spawl: Lossof natural
area (CLC1.x%) area(CLC1.4.1) increaein attificial  and agricultura
(km2) (km2) (km2) area (%) duringthe  land dueto sprawl
40/50years study vs.total area (%)
1950s 1990s 1950s 1990s  period during the40/50
years studyperiod
Algarve 781.5 322 1191 0.2 0.7 270.4 11.4
Setubal 22.6 3.3 11.2 0.2 0.3 243.3 33.1
Palemo 223.1 27.8 86.5 3.5 5.6 211.0 26.0
Bratislava 462.7 40.8 1233 11 2.1 202.6 18.1
Grenoble 193.4 311 91.4 4.1 5.1 193.5 31.2
Helsinki 10415 135.0 326.0 13.3 29.3 191.0 25.6
Padua-Venice 515.5 69.7  188.9 4.4 9.7 171.0 23.1
Iraklion 29.8 9.0 21.7 0.1 0.1 139.7 41.3
Porto 197.5 51.3 121.5 2.3 5.2 136.8 35.7
Bilbao 169.6 27.4 61.4 0.7 1.9 124.2 20.6
Nicosia 75.9 24.8 52.0 0.7 1.2 109.6 36.6
Talinn 1070.1 88.3 182.1 7.1 155 106.1 10.0
Mil an 325.2 1145 2334 4.3 16.6 103.8 37.0
Dublin 676.8 163.1  319.3 21.2 52.1 95.8 22.7
Lyon 311.6 122.8 222.6 17.6 14.5 81.2 32.7
Brussls 1308.8 3186 560.3 15.7 17.9 75.9 19.3
Marseille 328.3 935 150.2 9.5 4.6 60.7 17.6
Copenhagen 665.0 2427 386.1 9.3 16.0 59.1 19.4
Prague 797.6 186.9 288.4 11.0 135 54.4 13.2
Munich 797.8 246.7 357.0 20.8 30.9 44.7 14.3
Vienna 841.8 249.7 3411 14.8 19.5 36.6 11.5
Dresden 1256.7 231.1 3141 52.1 44.0 36.0 7.3
Sundedand 199.7 84.6 106.7 11.0 16.1 26.1 12.9
Rubhrgebiet 352.6 2198 2739 4.6 12.2 24 6 18.8
886
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87

887Tale 3. The distribution and areacoverageof windows and trarseds on a courtry by courtry
888bais. Highlightedcourtriescortain transeds.

889
County Windows Transeds Bio-geographical region
No. Mean 9ze | No. Mean size
(km?) (km?)
Austria 3 806.08 Contirental, Alpine
Belgium 5 872.82 8 33.88 Continental, Atlantic
Czedh Rep. 5 867.50 Continental
Estmia 2 784.09 Bored
Finland 3 897.99 8 30.91 Bored
France 9 660.76 Atlantic, Continental, Alpine, Mediterranean
Gemany 6 805.99 9 30.81 Continental
UK 5 864.08 8 26.48 Atlantic
Greece 4 764.68 Mediterranean
Hungary 2 412.46 Panonian
Italy 6 900.71 Mediterranean
Latvia 1 895.69 Bored
Nethedands 5 813.69 9 30.59 Atlantic
Poland 2 1587.58 Contirenta
Romania 3 438.72 Continental, Alpine
Slovakia 5 826.95 9 31.47 Alpine
Spain 7 847.66 9 29.70 Mediterranean, Alpine
Totd 73 | 59296.93 59 | 1806.76
890
891
892Tale 4. Overdl thematic corsistercy for dl transeds
893
1950 1990 2000
CLCL3 54% 55% 53%
CLCL2 80% 81% 82%
CLCL1 91% 91% 91%
894
895
896
897

898Tale5. Thematic consistercy for aseledion of individualtrarseds
899

Trarsect CLC50
label L1 L2 L3

CLC 90 CLCO0O0
L1 L2 L3 L1 L2 L3

Span ES2 94% 83% 32% 97% 92% 30% 97% 95% 32%
Finland FI 2 98% 96% 52% 99% 87% 54% 99% 88% 53%
UK UK8 90% 73% 70% 91% 77% 74% 91% 79% 77%
900
901
902
903Take 6. Changeccuray for dl validaion points
904
Cortroller
Change No Change
Local Change 25% 9%
Interprete NoChange 14% 52%

88
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905Talke 7 Propotion (%) of CLC levell covertypes olservedin 1950 andl990

906

1950 1990

CLC classlevel 1 windows Transeds windows Transeds
1. Artificial sufaces 3.77 6.57 5.79 12.76
2. Agricultural ares 46.16 38.58 43.66 30.41
3. Forest and semi-natural are& 45.27 46.16 45,54 48.62
4. Wetlands 0.80 3.57 0.69 3.98
5. Water bodies 4.00 4.01 4.31 4.23
Not interpreted 0.00 1.11 0.01 0.00
Total % 100.00 100.00 100.00 100.00

907

908

909

910

911Takbe8

CORINELand Cowr -levd 3 classes

1.1.1. Continuous urban fabric
1.1.2. Discontinuous urban fabric
1.2.1. Industrial or commercial units
1.2.2. Road and rail networks and associated land
1.2.3. Port aress
1.2.4. Airports
1.3.1. Mineral extraction sites
1.3.2. Dump sites
1.3.3. Construction sites
14.1. Green urban areas
1.4.2. Sport and leisure fadlities
2.1.1. Non-irrigated arable land
2.1.2. Permanently irrigated land
2.1.3. Ricefields
2.2.1. Vineyards
2.2.2. Fruit trees and berry plantations
2.2.3. Olive groves
2.3.1. Pastures
2.4. Heterogeneous agricultural areas
2.4.1. Annual crops associated with permanent crops
2.4.2. Complex cultivation
2.4.3. Land principally occupied by agriculture, with
significant areas of natural vegetation
0122.4.4. Agro-forestry areas
913
914
915
916

917

918

90

3.1.1. Broad-leaved forest

3.1.2. Coniferous forest

3.1.3. Mixed forest

3.2.1. Natural grassland

3.2.2. Moors and heahland

3.2.3. Sclerophyllous vegetation
3.2.4. Transitional woodland/shrub
3.3.1. Beades, dunes, and sand plains
3.3.2. Barerock

3.3.3. Sparsely vegetated areas
3.3.4.Burnt areas

3.3.5.Gladers and perpetual snow
4.1. 1. Inland marshes

4.1.2. Peabogs

4.2.1. Salt marshes

4.2.2. Salines

4.2.3. Intertidal flats

5.1. 1. Water courses

5.1.2. Water bodies

5.2.1. Coastal lagoons

5.2.2. Estuaries

5.2.3. Seaand ocean
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