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Document Abstract

As described in the ECOCHANGE proposal, Task01D22Map production and aggregation”, two major
products are generated within this WP. Firstlydlanover maps at high spatial resolutions will bedpiced
for the European Union and for the reference yeti®960, 1990 and 2000. Secondly, thematic andapat
aggregated products will be derived at coarseiapasolutions in order to synthesize the fragragoh and
variability within coarser cells for biodiversitggessment and modelling. The name of the official
deliverable is D01.02.01 “Land cover maps for emwinental modelling at multiple scales” and incluthés
report, the digital land cover products and anratdgve website to view the data at all thematid spatial
scales.
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1. Introduction

Background

The research presented is carried out under the(HZPDIGE project (FP6-036866) which is
funded by the FP6 ‘Global Change and Ecosystenagjramme (priority 6.3). This programme has
the clear objective to assess and forecast changesrestrial biodiversity and ecosystems and
changes in the ability of biodiversity and ecosysteo supply goods and services and to buffer
them against climate and land use change. This lw@llmade possible in ECOCHANGE by
concentrating on improvements in three major aneasely:

* the ability to predict biodiversity and speciastdbution patterns at a range of spatial scales
sensitive to climate, land use and landscape simict

» the simulation of ecosystem processes and respotts a range of scenarios enabling the
forecasting of expected changes in the biome digion and its functioning, and

» the assessment of consequences of global changecdésystems and plant species to provide
goods and services to the population of the Eump@ammunity.

Environmental protection became a major concernclwadlenge of the European Community. The
European Commission (EC) needed good quality inddion on the state of the environment and
natural resources to ensure an efficient implentiemteof European community policy. It was
against this background that the CORINE (COoRdimabf INformation on the Environment)
programme was initiated by the European Commisé®@). Under the umbrella of this programme
a land cover database (CLC1990) was created o lbdsa common methodology and with a
harmonized nomenclature.

Land cover is changing rapidly in many parts ofdpa, particularly in areas with a high population
density. The knowledge on these land cover charg&sportant for spatial planning, resource
evaluation, ecological modelling etc. Furtherma@atio-temporal models that describe and predict
land cover change due to social and economic pseseseed reliable information on land cover
changes in order to calibrate and validate thesdetagKaufman and Seto, 2001). Against this
background a new CLC database for the year 200Ccveased together with a database containing
the changes between CLC1990 and CLC2000. Both alsg¢aldform the basis for the Pan-European
Land Cover MosaicsPRLCM1990 and PLCM2000) presented in this report. Besides, a database
was created reflecting the land cover in Europe I860. This database helps in a better
understanding of the major land cover changes oy

These land cover databases are of special inteneirther research to be carried out within the
ECOCHANGE project. The land cover databases willi¥ed as:
1. Input for land use scenario’s;
2. Input for refined classifications into ecologicalkamingful classes (forest and grassland
ecosystems);
3. Input for assessments on land cover fragmentatimh associated habitats and/or PFT at
landscape level;
4. Basis for the definition/derivation of landscapeaiEtteristics that can be the input for
further modeling;
5. Framework for extrapolating modeling results.



Objective

The report describes the work carried out in thekwmackage 1.2 ‘Remote Sensing based land
cover and land use’ of the ECOCHANGE project. Treemobjectives of this work package are to

assemble advanced land cover/use maps for 3 tieps gteference years of 1960, 1990, 2000)
based on recently developed methodologies optinfaeenvironmental modelling and assessment.

The document describes how the Pan-European LandrQoosaics of 1960, 1990 and 2000 at
different thematic and spatial detail were produeed what their specific characteristics are. In
addition, the land cover changes between the mosHId990 and 2000 and between 1960 and
1990 are discussed.

Boundary conditions

The spatial reference is extensively described ime tdocument called ‘Analytical
Protocol’(Analytical_protocol WP1.2-version2.doc). The land cover datasets described and
produced in ECOCHANGE have to meet the requiremenéntioned in the protocol. The
geographic focus of the ECOCHANGE project is atste&BU27+2 (including Norway and
Switzerland (see Figure 1 and Table 1), with speeimphasis on the alpine and arctic
biogeographic regions.
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Figure 1. Minimal spatial extent of ECOCHANGE.



Table 1. Countries at least included in the extent of ECOCHANGE.

Code Country Name Code  Country Name
AT Austria IT Italy

BE Belgium LT Lithuania

BG Bulgaria LU Luxembourg

CH Switzerland LV Latvia

CY Cyprus MT Malta

Ccz Czech Republic NL Netherlands
DE Germany NO Norway

DK Denmark PL Poland

EE Estonia PT Portugal

ES Spain RO Romania

FI Finland SE Sweden

FR France Sl Slovenia

GR Greece SK Slovak Republic
HU Hungary UK United Kingdom
IE Ireland

The land cover mosaics will preferably have a Parsgean coverage which means that the spatial
extent will be increased to Albania, Andorra, Befar Bosnia-Herzegovina, Croatia, Iceland,
Kosovo, Liechtenstein, Macedonia, Moldavia, SaniMarSerbia and Montenegro, parts of Russia,
Turkey and Ukraine. All land cover datasets needhdve the INSPIRE standard projection for
Europe, namely the lambert azimuthal equal areeptign, called “ETRS_1989 LAEA”. For more
details on the project parameters, see Annex & [&hd cover datasets should be produced at a
100m resolution and aggregated to 500m and lknmlutemes. The maximum level of thematic
detail is defined by the CORINE Land Cover (CLC)memclature at level 3. Thematic
aggregations into CLC level 2, HISLU60 and ALARMss$es are needed to make change statistics
between 1960 and 1990 and to use the land covaridénd use modeling scenarios, respectively.
In a later stage it can be decided to translatel#te into Plant Functional Types (PFT) with the us
of additional Remote Sensing time series. In tlegpction process of the Pan-European land cover
mosaics special focus is on the grassland andtfecesystems.

Content of report

Chapter 2 ‘Data’ presents the different land codata sets used in the compilation of the Pan-
European Land Cover mosaics (PLCM-mosaics) of 1880 2000. These are amongst others the
CORINE land cover data sets, PELCOM, GLC2000, andesnational land cover data sets. The
World Atlas of Agriculture which was used for thewly establishedHISLU60 (Historical Land
Use in 1960) are also introduced in this section.

Chapter 3 ‘Method’ deals with the processing ofdiferent land cover datasets and the integration
of these land cover data into Pan-European LandeCawsaics of 1990 an 2000. Also, the
methodology of spatial and thematic up-scalingha&fRLCM1990 and PLCM2000 datasets into
aggregated spatial and thematic datasets is pegsent

Chapter 4 ‘Products’ presents the characteristicsstatistics of the different land cover mosaics.
In order of decreasing levels of thematic detad thosaics at CLClevel3, CLC-level2, ALARM
and HISLU are discussed. In case of spatial detailill be in the order of 100m, 500m and 1km
spatial resolution.

Chapter 5 discusses the quality of the various data and chapter 6 discusses the quality of the
identified land cover changes. Chapter 7 preséet®ttlook to the future.



2. Data

The following land cover data sources were idegdifivithin the framework of the project.
CORINE Land Cover 2000 (CLC2000)

CORINE Land Cover 1990 (CLC90)

CLCchangev-oo

PELCOM

GLC2000

HISLUG0 (developed within ECOCHANGE)

AR2000 (Norwegian land cover dataset)

CH97 and CH85 (Swiss land cover datasets for thesyE985 and 1997 at CLC-level2)

N~ WNE

CORINE Land Cover (CLC)

The CORINE (CO-oRdination of INformation on the Eonment) programme was initiated by the
EU in 1985. A number of databases were createdirwitiis framework with the aim to give
information on the status and changes of the enmenmt. One of these databases is the CORINE
Land Cover database (CLC). The reference yeahfsrdatabase is 1990 (range 1986 — 1995) and
its geographical extent covers 24 countries (Anihexd Figure 2). The land cover information is
derived from high resolution satellite data (LarteBlel) by computer assisted visual interpretation
in combination with ancillary data. The final CLGtdbase consists of a geographical database
describing land cover/use in 44 classes groupead anthree level hierarchical structure. The
CORINE land cover nomenclature has 5 major categat the first level, 15 land cover categories
at the second level and 44 categories at the thuel (Annex Ill). In Bossard et al. (2000) an
extensive description is given for each CORINE laoger class, including detailed descriptions
with particularities, inclusions and exclusionsofalis, and visual interpretation characteristidse T
minimum mapping unit is 25ha and for line elemahtsminimum width is 100m. The scale of the
land cover database is 1:100.000 (Heymann et394)1

Figure 2. The geographical extent of CLC1990



The 1&CLC2000 project (IMAGE2000 and CLC2000) startin 2000 with the ortho-rectification
of Landsat 7 ETM+ satellite images. A new versidrthe CLC database for the reference year
2000 is based on those images (CLC2000). A techaiwh methodological guide for updating the
CORINE Land Cover database helped with the unanobiguimplementation of the project
(Perdigao & Annoni, 1997). The focus of CLC2000 eviand cover changes (>5ha) between 1990
and 2000. The report IMAGE2000 & CLC2000. Produatsl Methods’ (Nunes de Lima, 2005)
describes in detail all specifications of Image2@0CLC2000. See also Buttner et al. (2004) and
Feranec et al (2007a) for more details on the caoen@ided visual interpretation, geometrical and
thematic correction/revision of CLC1990, and tharale detection methods.

The result of CLC2000 project was a revised vergibthe CORINE Land Cover database 1990
(CLC1990rev), a CORINE Land Cover database 20@L.C2000) and a change databasel C-
change 90-00) containing all land cover changes larger than Baaveen 1990 and 2000. The
CLC2000 database has an extended geographicalaggveompared to CLC1990 as it includes 34
countries (see Annex Il and Figure 3). The charagalzhse has a limited geographical coverage (25
countries) as the extend of CLC1990 was limited24ocountries, i.e. all CLC90 countries and
United Kingdom. The change database consists mbatks indicating the land cover of the 1990’s
and 2000. Two methodologies for generating the ghatatabase clc90+changes = clc2000 or
clc2000-clc90= changes were applied (Buttner e2804 and Feranec et al, 2007b).

Figure 3. The geographical extent of CLC2000.



Assessment of the thematic accuracy of CLC2000 igguLUCAS (land use/cover area frame
statistical survey) revealed that the accuracyirement of 85% was fulfilled. At individual class
level there were differences ranging from > 95%e$, lakes, industrial and commercial units and
discontinuous urban fabric) to < 70% (sparse veigetp(Buttner & Maucha, 2006).

Currently, the CLC2006 programme is running witl focus on land cover changes between 2000
and 2006. The methodology is comparable with theCZ00 update; computer aided visual
interpretation of changes larger than 5ha. Thegnatéon of land cover changes with CLC2000 will
result in CLC2006. The CLC-change 00-06 databageCGIirC2006 will hopefully be ready at the
end of 2008.

Global Land Cover of the year 2000 (GLC2000)

The global land cover data for the year 2000 (GL@AY@roject, coordinated by the European Joint
Research Centre (JRC), provides consistent gl@wal tover information for the year 2000. The
GLC2000 project followed a bottom-up approach tgomarld’s land cover. The global land cover
map was derived by merging 18 regional productsaradregional experts. Consistency between
the regional products was derived by classifyin@3%#-Vegetation dataset (spatial resolution 1km)
and applying the land cover classification syste@S) produced by the United Nations (UN) (Di
Gregorio, 2005). After harmonization and merging ihdividual regional products one global
GLC2000 product with a generalized legend was medyBartholomé and Belward, 2005). The
GLC2000 database has 23 classes (see Annex I\fjigack 4.

Developed by the Global Land Cover 2000 partnership, under the coordination of the European Commission's Joint Research Centre

% "Global Land Cover 2000 database, Bela version 3. European Gommission, Joint Research Centre, 2003, hitp:lwww.gvm jre.itiglc2000.

B Tree Cover, broadleaved, evergreen Shrub Cover, closed-open, deciduous
Tree Cover, broadleaved, deciduous, closed Herbaceous Cover, closed-open
B Tree Cover, broadleaved, deciduous, open Sparse herbaceous or sparse shrub cover
Bl Tree Cover, needle-leaved, evergreen I Regularly flooded shrub and/or herbaceous cover
I Tree Cover, needle-leaved, deciduous Cultivated and managed areas
I Tree Cover, mixed leaf type Mosaic: Cropland / Tree Cover / Other natural vegetation
I Tree Cover, regularly flooded, fresh water Mosaic: Cropland / Shrub and/or grass cover
I Tree Cover, regularly flooded, saline water Bare Areas
T Mosaic: Tree Cover / Other natural vegetation Water Bodies
Il Tree Cover, burnt Snow and Ice
Shrub Cover, closed-open, evergreen B Acrtificial surfaces and associated areas

Figure 4. The Global Land Cover dataset for the year 2000 (GLC2000).

Different parts of Europe were covered by five oegil map products with usually more detailed or

regionally specific legends than the global onee @ominance of the GLC2000 class ‘Cultivated

and managed land’ is striking throughout the Euaopeontinent. Forests are limited to broadleaf
deciduous, evergreen needle-leaved and mixed woadems. Europe shows also a significant
degree of urbanization. Since GLC2000 provides @laoverage, some classes rarely appear for
Europe (Neumann et al, 2007).



PELCOM

The 1km resolution Pan-European Land Cover dataPBs€OM contains 16 thematic classes and
is based on the interpretation of NOAA-AVHRR sateltlata of 1997 (Mucher et al., 2001). Only
the land cover classes urban areas, wetlands aed badies have been derived from ancillary data
sources. PELCOM was validated through independaetpretation of high resolution satellite
images (mainly Landsat-TM images) distributed asrBsirope (7700 km2). Figure 5 shows the
PELCOM database with the 16 different land covassés.

m Coniferous forest
M Decrduous forest
m Mixed forast
=1 Grassiand

Ranfed arablo land
m lerigated arablo land
= Permanent crops
m Shrubland

1 Barren land

Parmanent lcaBSnow
m Watlands
m Inland wators

Sea
= Urban areas
m Data gaps

Out of scope

Figure 5. The PELCOM database.

HISLUG0

No historical land cover information was availalite the sixties that covers Europe and has a
reasonable resolution. Therefore, it was decidembttruct an historical land cover database based
on information from the World Atlas of Agricultupublished in 1969 that contains maps based on
land use surveys from the fifties and sixties orscale of 1:2.500.000 for most maps. The
methodologies used to extract the information fitbe analog atlas into useful digital information
are based on the same methodology as used fooiistraction of the historical land use database
of the Netherlands (HGN) (Kramer & Dorland, 2007).

The hardcopy maps were scanned and georeferentiedh&i spline method available in ArcMap

9.2. In a pre-processing step, the redundant capbgs elements like text and boundaries were
eliminated with a high-pass filter. A supervisedsdification procedure was used to classify the
scanned maps. Signatures were prepared for eaotaticeclass and in a two step approach the
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maps were classified. First, a box classifier wasduto assign all parts of the scanned maps that
match exactly with the selected samples. Then @i-classified parts were classified using the
maximume-likelihood classifier. In the last stepg tpost-processing, the remaining cartographic
elements were removed using the Aggie proceduBxdas Imagine 9.0 software. The following 7
classes are distinguished in the HISLU60 databadean, arable land, grassland, forest, non-
agricultural land, inland water and sea. For mar®rmation about the newly established see
Chapter 4 Products and Figure 13.

Since no CORINE land cover was available for tha-Bt countries Switzerland and Norway it
was decided to collect additional national data fmtthese two countries.

Land Cover database of Norway (AR2000)

The land cover database of Norway is a vector datlior the year 2000 (AR2000). It has the
following 8 land cover classes: production forasin-production forest, agricultural land, other
land with vegetation, barren land, built-up areglsciers and water. The database is based on
satellite images and different ancillary data sesrfvegetation maps, digital map of the world). It
can be seen as an update of the forest and landajs®f Norwegian Atlas of 1983. A more spatial
detailed database will become available in the idare (AR250). However, the thematic detail is
not much higher ((8-10 classes). Land cover stegi$or the AR2000 dataset are presented in Table
2. Some slight deviations (area in ha) from theadaéntioned in Table 6 exist due processing of
vector data into raster 100m*100m grids. Figureh6wss you the original Norwegian AR2000
database.

Table 2. Land cover statistics for the Norwegian land cover dataset of the year 2000 (AR2000).

AR2000 - code Nomenclature ha %
1 Production forest 8217114 25.5
2 Non-production forest 5750816 17.9
3 Agricultural land 1020613 3.2
4 Other land with vegetation 13563830 42.1
5 Barren land 2284439 7.1
6 Built-up areas 87053 0.3
7 Glaciers 289393 0.9
8 Water 972022 3.0
Total 32185280 100.(
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Legend

- 1. Productive forest

I 2. Non-productive forest (mountain)
3. Agricultural land

- 4. Other land with vegetation
5. Barren land

[ 6. Built-up
7. Glaciers

8. Water

Figure 6. Land cover database of Norway for the year 2000 (AR2000) with 8 land cover classes.

Land Cover database of Switzerland (1985 and 1997)

The CORINE Land Cover datasets for Switzerlandbased on the Swiss Land Use Statistics. The
Swiss Land Cover datasets are available for thesyE285 and 1997 at a 100m spatial resolution
and at level 2 of the CORINE nomenclature (13 @sagssThe Swiss Projection parameters can be
found in Annex V. For the Swiss Land Use Statisties delineation of land use/cover is based on
sample points, while the CORINE Land Cover divities area more or less in homogeneous areas
of at least 25ha. These differences in delineatiakes it difficult to convert the Swiss Land Use
Statistics nomenclature directly into CLC levell&sses. For this reason, a preference was made to
convert the classes into CLC level 2 classes. fethhs been established to convert the Swiss land
use statistical classes into CLC level 2 classehlel'3 shows the statistics for the CLC level 2
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classes for Switzerland in the years 1985 and 1B®jure 7 shows you the original Swiss land
cover database for the year 1997.

Legend
- 11 Urban fabric |:] 22 Permanent crops . \:l 33 Open spaces (sparsely veg.)
- 12 Industrial and commercial - 23 Pastures - 41 Inland wetlands

- 13 Mine, dump and construction Lid 24 Heterogeneous agriculture - 51 Inland waters

|:| 14 Artificial vegetated areas - 31 Forest

[ |21 Arable land I 32 shrubs and herbaceous veg.

Figure 7. The CLC-level 2 database of Switzerland for the year 1997.

Table 3. Statistics of CLC-level2 for the land codatabase of Switzerland.

CORINE Land Cover type Corine85 Corine97

ha % ha %
1.1 Urban fabric 118312 2.9 137797 3B
1.2 Industrial, commercial and transport units P74 2.4 111894 2.7
1.3 Mine, dump, and construction sites 15006 0.4 8423 0.3
1.4 Artificial non-agricultural vegetated areas 185 0.3 15856 04
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2.1 Arable land 492533 11.9 481295 1147
2.2 Permanent crops 29763 0.7 31157 0.8
2.3 Pastures 456921 11.1 447626 1049
2.4 Heterogeneous agriculture areas 94608 2.3 81863 2.0
3.1 Forests 1013953 24.4 1014456 2416
3.2 Shrub and/or herbaceous vegetation associatiorys 801198 19.4 803690 19]5
3.3 Open spaces with little or no vegetation 80722119.6 802887 19.%
4.1 Inland wetlands 8621 0.2 8969 0.2
4.2 Coastal wetlands 0 0.0 0 0.0
5.1 Inland waters 173003 4.2 173127 4p
5.2 Marine waters 0 0.0 0 0.0
Total 4124459 100.Q 4124459 100.0
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3. Method
Pre-processing

General

Before integration of all datasets, they were ti@msed into one standard projection (see Annex )
and they were transformed if necessary to a 100atiadpresolution. The Swiss land cover
databases and the CORINE Land Cover (CLC) databies®already a 100m spatial resolution. All
other datasets PELCOM, GLC2000 (both have a 1 katiapresolution) and HISLU60 were
converted from their original resolution to a 10@mid. This meant a subdivision of each fkm
gridcell into 100 cells of 1 ha.

Processing UK90

For the United Kingdom there exists only a CLC2080d a change database. Although
methodological not entirely right due to differeada minimum sizes in mapping units for CLC-
changes and CLC90/CLC2000 databases, the CLC2@DCla@-changes database were integrated.
A CLC90 database for the UK was created by reptatie land cover of 2000 by the land cover
from the change database of the 1990’s for thesarleanged between 1990 and 2000.

Recoding PELCOM and GLC2000 to the CORINE nomenclature

The CORINE Land Cover database is the most detaled cover database of Europe. The most
thematic detail can be found at the CLC level 3 eonohmture. For that reason, CLC-level3
nomenclature was used as a basis for integratiegtiher land cover databases with CLC90 and
CLC2000.

The recoding of PELCOM and GLC2000 was straightlodvas it was already done in several
other projects (Micher, 2004, Neumann, 2007). Gusne small adaptations were made to the
recoding tables of the ‘PEENHAB-project’ (Michef(2). In the recoding of PELCOM to CLC-
level 3 the ‘Grasslands (class20)’ was convertdd iRastures (class 231). The ‘Urban Areas
(class 100)'were recoded into ‘Discontinuous urfabric (class 112)’. Concerning the recoding of
GLC2000 into CLC-level 3 classes three changes werge. The class ‘Bare Areas (class 19)'was
recoded into ‘Bare rocks (class 332)’ (see alsorhan et al, 2007), the class ‘Atrtificial surfaces
and associated areas (class 22) was recoded irgoominuous urban fabric (class 112)’, and the
class ‘Permanently irrigated land’ was introducadthe used GLC2000 (class 23) version and
converted into ‘Permanently irrigated land (clad®2)2 The recoding tables can be found in
Annexes IV. The red codes are the codes that has tleanged compared to the ‘PEENHAB-
project’(Mucher, 2004).

Recoding Swiss and Norwegian national land cover databases to the CORINE
nomenclature

The recoding of the Swiss and Norwegian nation&lzlses had a two step approach. Firstly, the
national legend was converted into a CLC-levela®g] where possible. Secondly, the national data
sets were integrated with PELCOM or GLC2000 tonetihe classification.

The Norwegian land cover database distinguisheg 8rband cover classes. The same two step
approach was used in the recoding of the Norwelgiad cover database. In a first step, the eight
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land cover classes were converted into a CLC I8waass (see third column in Annex VI). Which
meant that they were converted into the most preminCLC level 3 classes (using expert
knowledge). | a second step, the classes wereerkfvith help of the GLC2000 database @hd

5" column in Annex VI). Visual verification of therfal database was done with images of Google
Earth. Unfortunately, no data was available for@.99

The Swiss land cover database describes the lared ab CLC level 2. The 13 Swiss classes were
converted to the most related class of CORINE &ll8 (see second column in Annex VII). For
example, industrial and commercial units (CLC le¥allass 121) will be the most prominent class
in Switzerland within the industrial, commercialdatransport units (CLC level 2 class 12).
Furthermore, a CLC level 2 class could only be eoted into a level 3 class that belongs to the
level 2 group. For example, 24 can be converteml24@ or 243 but not into 231.

Secondly, the SWISS classes were refined with bethe PELCOM database'taand 4" column

in Annex VII). The final Swiss land cover map issbd on the integration with the PELCOM
database and considering the CLC2000 land covethen surrounding countries. During the
recoding of Swiss land cover data into the finalddkvel 3 products, the final objectives were kept
in mind. In case of doubt, preference was givegrassland (pasture or natural grasslands) and/or
forest classes, since the focus of ECOCHANGE ishese habitats. For the recoding of the 1985
and 1997 SWISS Land Cover datasets the same canersles were used.

15



European Integration

PLCM2000

The Pan-European Land Cover Mosaic for the yea® 2BDCM2000) used the CLC2000 database
as the starting point. The reclassified Norwegiad 8wiss land cover databases for the year 2000
were added to the CLC2000 database. Gaps and missimtries were filled with the recoded
PELCOM and the GLC2000 databases. Figure 8 shasvdata sources used for the compilation of
the PLCM2000 mosaic (see also Annex Il). Besidesctbuntries Iceland and Moldavia, Kosovo
was also covered with the PELCOM database. Cypraghwis not indicated in the figure is
covered by CLC2000.

Legend

[ ]cLcz2o000

B svitzeriand (CHo7)
[ ] Norway (AR2000)

[ ] PELCOM
[ ] eLcz2o00

T

Figure 8. Overview of the data sources used to produce the Pan-European Land Cover mosaic for the year 2000
(PLCMZ2000).
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PLCM1990

The Pan-European Land Cover mosaic for the yead ®ISCM1990) used the CLC1990 as a
basis for the mosaic. The CLC90 database was eadiendh the reclassified Swiss land cover
database for the year 1990 and the newly createlddaver database for the United Kingdom.
Missing countries were covered with the PLCM200Gaio (see Figure 9 and Annex Il). Cyprus
was also filled with land cover of the PLCM2000atzse.

Legend

[ ]cLctoo
B svitzerland (CH85)
[ ] United Kingdom (UK1990

| PELC2000

Figure 9. Overview of data sources used in the production of the Pan-European Land Cover mosaic for the year 1990
(PLCM1990).

Thematic aggregation

The PLCM1990 and PLCM2000 mosaics (at CORINE I¢wede) were thematically aggregated to
the following levels: CLC level2 (15 classes), ALMR7 classes) and HISLU60 nomenclature (6
classes). Aggregation of the 44 classes at CLCI [Bvmto the 15 classes at CLC level 2 is
straightforward. The aggregation of the PLCM maosainto ALARM classes, which are in most

cases CLC level 1 classes, can be found in Tablkgdregation of the PLCM mosaics to the
HISLU60 nomenclature is similar to the aggregatiowards the ALARM nomenclature. Only

some small adaptations were made. Table 5 pregentecoding of CLC level 3 classes into the 7
HISLUGO classes.
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Table 5. Recoding of CLC level 3 classesinto HISLUG0 classes.

CORINE CORINE classes HISLU HISLUG0 -code

Artificial surfaces 111, 112, 121, 122, 123, 1231 ]| Urban 1
132, 133, 141 and 142

Agricultural land without pastures 211, 221, 22232241, 242, 243 Arable land 2
and 244

Pastures and Natural grasslands 231 and 321 Qrdssla 3

Forests 311, 312 and 313 Forest 4

Semi-Natural areas (with exceptior822, 323, 324, 331, 332, 333, 334\on-agricultural 5

of Natural grasslands) and Wetlands335, 411, 412, 421, 422 and 423 land

Inland waters 511 and 512 Inland water 6

Marine water 521, 522 and 523 Sea 7

The reclassification of the CORINE level 1 classtificial surfaces’ into the ‘Urban’ HISLUG0
class is straightforward. ‘Agricultural land’ isaeded into ‘Arable land’ with the exception of
‘Pastures’. Most discussion concerns the recoding’Wetlands’ and ‘Semi-natural areas’ into
‘Non-agricultural land’ as part of the wetlands kkbwe seen as ‘Inland waters’. ‘Natural
grasslands’ and ‘Pastures’ are grouped into ‘Gaasis’. Recoding of ‘Inland waters’ and ‘Marine
water’ into ‘Inland water’ respectively ‘Sea’ igaightforward.

ALARM LC classes

The land use types used within the work packageldms use modeling and scenarios’ are the
following classes:

urban (U)

agriculture (A)

grassland (G)

forest (F)

biofuels (BF)

surplus land (S)

other fixed land cover (O)

NoakwnNpE

The classes are defined in the ALARM project anlvd used in scenario studies.

The thematic class biofuels (BF) does not relatart@ctual land cover. It is a ‘future’ land cover
class, because it is only present in the ALARM sc@'s and not in the baseline. The class Surplus
land (S) is land that has no longer an economigevdt does not relate to a single land use class
since it could be natural land evolved in differemtys. The class Other fixed land cover (O) is e.g.
water, glaciers, permanent ice, bare rocks and sibe other classes have partly self-explaining
definitions.

The link with the CORINE land cover (CLC) classesgiven in Table 4. Most ALARM classes

correspond with CLC level 1 classes. Exceptions twe CLC class pastures (231) which

corresponds with the ALARM class grasslands. Ssrpdnd (S) corresponds with amongst others
the CLC classes ‘Shrub and/or herbaceous vegetatidd) and wetlands (4). Other fixed land

cover (O) corresponds with the CLC classes ‘Opeaceap with little or no vegetation’ (33) and

water bodies (5).
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Table 4. Conversion of CLC level 3 classesinto ALARM classes.

and transport units

Level 1 Level 2 Level 3 ALARM
1. Artificial Areas 1.1 Urban fabric 1.1.1 Continusourban fabric U
1.1.2 Discontinuous urban fabric U
1.2 Industrial, commercial | 1.2.1 Industrial or commercial units U

1.2.2 Road and rail networks and associated landd

1.2.3 Port areas U
1.2.4 Airports U
1.3 Mine, dump and 1.3.1 Mineral extraction sites U
construction sites
1.3.2 Dump sites U
1.3.3 Construction sites U
1.4 Artificial, non- 1.4.1 Green urban areas U
agricultural areas
1.4.2 Sport and leisure facilities U
2. Agricultural Areas| 2.1 Arable land 2.1.1 Norigated arable land A
2.1.2 Permanently irrigated land A
2.1.3 Rice fields A
2.2 Permanent crops 2.2.1 Vineyards A
2.2.2 Fruit trees and berry plantations A
2.2.3 Olive groves A
2.3 Pastures 2.3.1 Pastures G
2.4 Heterogenous 2.4.1 Annual crops associated with permaneAt
agricultural areas crops
2.4.2 Complex cultivation patterns AIG
2.4.3 Land principally occupied by agriculturé/G
with significant areas of natural vegetation
2.4.4 Agro-forestry areas A
3. Forest and Semi3.1 Forests 3.1.1 Broad leaved forest F
Natural Areas
3.1.2 Coniferous forest F
3.1.3 Mixed forest F
3.2 Scrub and/or herbaceoys3.2.1 Natural grasslands S
vegetation
3.2.2 Moors and heathland S
3.2.3 Sclerophyllous vegetation S
3.2.4 Transitional woodland-shrub S
3.3 Open spaces with little 9r3.3.1 Beaches, dunes and sands (0]
no vegetation
3.3.2 Bare rocks O
3.3.3 Sparsely vegetated areas (0]
3.3.4 Burnt areas o
3.3.5 Glaciers and perpetual snow (0]
4. Wetlands 4.1 Inland wetlands 4.1.1 Inland masche S
4.1.2 Peat bogs S
4.2 Maritime wetlands 4.2.1 Salt marches S
4.2.2 Salines S
4.2.3 Intertidal flats S
5. Water Bodies 5.1 Inland waters 5.1.1 Water @mirs (0]
5.1.2 Water bodies 0]
5.2. Marine waters 5.2.1 Coastal lagoons @)
5.2.2 Estuaries O
5.2.3 Sea and ocean 6]
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Spatial aggregations

The spatial aggregations of the different themé&timd cover mosaics were processed with the
Aggie module of Erdas Imagine 9.1. The 100m langecanosaics were used as an input for the
spatial aggregation into 500 and 1km resolutioraloages (windows of 5*5 respectively 10*10
cells). The aggie module calculates the dominaasscifor each window. Thematic aggregation
needs to be done before spatial aggregation.
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4. Products

General characteristics

The CORINE Land Cover datasets of 1990 and 200(e wlee basis for the PLCM1990 and
PLCM2000 Mosaic, respectively. The national datsétNorway and Switzerland were used in
addition. PELCOM and GLC2000 were used to extersl ¢bverage to Pan-Europe for the
PLCM2000. The CLC1990 and CH85plus were integrébedhe PLCM1990. Thereafter, missing
countries were filled with the PLCM2000 databasee PLCM databases have thematic classes at
level 3 of the CORINE nomenclature and a 100m apatisolution. During the production of the
PLCM databases preference was given to the CLMds¢s and the local databases. The thematic
and spatial detail is much higher for those date®ashen compared with the PELCOM and
GLC2000 databases.

Refined Norwegian land cover database (AR2000plus)

The newly derived AR2000plus database has 15 Ck€l-18 classes. The original Norwegian

AR2000 database, which had only 8 land cover elssvas refined with GLC2000. The

AR2000plus was integrated into the PLCM2000 databdsble 6 presents the statistics of the
database (ha per CLC-level 3 class). Figure 10 shegpatial distribution of land cover of the

AR2000plus database which has much more detaibimparison to the original AR2000 database
(see Figure 6).

Table 6. Land cover statistics of the refined Nagiaa land cover database (AR2000plus).

CLC codes | CLC nomenclature AR2000plus
ha %
1.1.2 Discontinuous urban fabric 86909 0.3
211 Non-irrigated arable land 904345 2.8
23.1 Pastures 19784 0.1
2.4.3 Land principally occupied by agriculture wilignificant
natural vegetation 94948 0.3
3.11 Broad-leaved forest 1675809 5.2
3.1.2 Coniferous forest 10208272 31.§
3.1.3 Mixed forest 2063556 6.4
3.2.1 Natural grasslands 1453572 4.5
3.2.3 Moors and heath lands 11253928 35.0
3.24 Transitional woodland-scrub 18161 0.1
3.3.2 Bare rocks 1515842 4.7
3.33 Sparsely vegetated areas 765023 2.4
3.35 Glaciers and perpetual snow 288449 0.9
4.1.1 Peat bogs 809765 2.5
5.1.2 Water bodies 971147 3.0
Total 32129510 100.(
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Figure 10. Spatial distribution of 15 CLC-level 3 classes of the Norwegian AR2000plus database as integrated in the
PLCMZ2000 database.
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Refined Swiss land cover databases (CH97plus and CH85plus)

The CH97plus and CH85plus both have 22 CLC-levéddses. The original Swiss CH97 and
CHB85 databases with 13 land cover classes are re@itted with the PELCOM database. The
refinement, as mentioned already in the methodolmsgy both cases based on the same recoding
rules. The CH97 and CHB85 databases reflect the Uasedin Switzerland for the years 1997 and
1985 whereas PELCOM reflects the land cover for yhar 1997. The refined CH97plus and
CHB85plus databases were integrated in the PLCM28§fectively PLCM1990 databases. Table 7
presents the statistics of both databases (ha p€rl€vel 3 class). Figure 11 shows the Swiss
CH97plus database which has more thematic detail titee original CH97 database (see Figure 7).

Table 7. Land cover statistics of the refined Swiss land cover databases (CH97plus and CH85plus).

CLC codes| CLC nomenclature CH85plus CH97plus angk
ha % ha % ha

1.1.2 Discontinuous urban fabric 118303 2.9 137777 3.8 19474
1.2.1 Industrial and commercial units 99751 2.4 111898 2.7 12147
1.3.3 Construction sites 15005 0.4 13844 0.8 -1141
141 Green urban areas 12579 0.3 14618 0.4 2039
1.4.2 Port and leisure facilities 1000 0.0 1245 0.( 24b
21.1 Non-irrigated arable land 492663 11.9 481417 1117 -11246
221 Vineyards 112 0.0 153 0.G 41
222 Fruit trees and berry plantation 29665 0.7 31025 0.8 1360
2.3.1 Pastures 457002 11.1 447708 10/9 -9294
2.4.2 Complex cultivation patterns 49571 1.2 41429 1.0 -8142
2.4.3 Land principally occupied by

agriculture with significant natural

vegetation 45041 1.1 40444 1.0 -4597
3.1.1 Broad-leaved forest 233908 5.7 234244 5.7 336
3.1.2 Coniferous forest 555218 13.5 556068 135 850
3.1.3 Mixed forest 225023 55 224334 5.4 -689
321 Natural grasslands 304422 7.4 306160 7.4 1738
3.2.3 Sclerophyllous vegetation 12051 0.3 12132 0.8 81
3.24 Transitional woodland-scrub 484894 11.8 485574 11,8 680
3.3.2 Bare rocks 221218 5.4 220799 5.4 -419
3.3.3 Sparsely vegetated areas 379877 9.2 376049 9.1 -3828
3.35 Glaciers and perpetual snow 206237 5.0 206145 5.0 -92
411 Inland marshes 8625 0.2 8974 0.2 34p
5.1.2 Water bodies 173014 4.2 173142 4.p 128

4125179 100 4125179 100 0
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Figure 11. Spatial distribution of 22 CLC-level 3 classes of the Swiss C97plus database as integrated in the PLCM2000
database.

Pan-European Land Cover Mosaic 2000 (PLCM2000)

The Pan-European Land Cover Mosaic for the yeab ZBQLCM2000) was produced according to
the CORINE nomenclature at level 3 and has aapasolution of 100m. Table 8 presents the
statistics of PLCM2000 together with the statisfiasthe spatial aggregations to 500m and 1km.
The different thematic aggregations to CLC leveARARM classes and HISLUG0 classes can be
found in Annex VIILI.

The main land cover classes in Europe are noratedarable land (211), coniferous forest (312),
broad-leaved forest (311) and mixed forest (313)gether they occupy 62.8% of Pan-Europe.
Non-irrigated arable land covers already 30.9%.s€hlarge classes even increase in area in the
process of spatial aggregation, see Table 8. Arotlasses decrease only slightly in acreage.

Forests (CLC-level 1 class) and grasslands (natweadslands and pastures), important land covers
in the ECOCHANGE project, occupy 31.8% and 8.0%peetively. Shrub and/or herbaceous
vegetation (CLC-level 2 class 32) and open spadtslittle or no vegetation (CLC-level 2 class
33) occupy 13.2 and 4.3%, respectively. Artifigarfaces occupy only 2.3% of the Pan-European
territory.

Pan-European Land Cover Mosaic 1990 (PLCM1990)

The Pan-European Land Cover mosaic for the yead {B2CM1990) was produced according to
the CORINE nomenclature at level 3 and has a dpasalution of 100m. Table 9 presents the
statistics of PLCM1990 together with the statisfiasthe spatial aggregations to 500m and 1km.
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The different thematic aggregations to CLC leveARARM classes and HISLUG0 classes can be
found in Annex IX.

The main land cover classes in Europe were in 18190 the non-irrigated arable land (211),
coniferous forest (312), broad-leaved forest (g mixed forest (313). Together they occupied
62.9% of the Pan-European territory. The non-itedaarable land covers already 31.1%. As you
see the differences with PLCM2000 are minimal ircpetages. However, the absolute values can
differ considerably. These large classes also as@é in area through aggregation as you can see in
the Table 9. All other classes decrease slighthcieage.

Forests (CLC-level 1 class) and grasslands (nagresslands and pastures) which are important
land cover types in the ECOCHANGE project, occufsp é81.8% and 8.0% as in PLCM2000,
respectively. Shrub and/or herbaceous vegetatia€{evel 2 class 32) and Open spaces with little
or no vegetation (CLC-level 2 class 33) occupy shee area in percentages. Artificial surfaces
(CLC-level 1 class) occupy only 2.2% of the Pandpaan territory which is a slightly less as in
PLCM2000 (9000 krf). An important point to mention is that outside 6 countries mentioned

in Annex Il, the land cover between PLCM1990 andC®2000 does not differentiate.
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Table 8. Satistics per land cover class at CORINE level 3 for the year 2000 (PLCM?2000) at different spatial
resolutions (areas in knv).

CLC code| CLC nomenclature 100m % 500m % 1km %
1.1.1 Continuous urban fabric 5879 0.07 5718 0.06 4837 0.05
1.1.2 Discontinuous urban fabric 150723 1.68 144567 1.61 126456 141
1.2.1 Industrial and commercial units 21230 0.24 19618 0.2p 14679 0.16
1.2.2 Road and rail networks and associated |and 1933 0.02 1167 0.01 439 0.00
1.2.3 Port areas 1027 0.01 977 0.01 821 0.01
1.2.4 Airports 2923 0.03 2899 0.08 2764 0.03
1.3.1 Mineral extraction sites 6242 0.07 5914 0.0Y 4291 0.05
1.3.2 Dump sites 1093 0.01 1064 0.01 860 0.01
1.3.3 Construction sites 1299 0.01 1030 0.01 592 0.01
141 Green urban areas 3050 0.03 2599 0.08 1631 0.02
1.4.2 Port and leisure facilities 8141 0.09 7639 0.09 5427 0.06
211 Non-irrigated arable land 2777293 30.94 2825114 31.48 2940069 34.79
2.1.2 Permanently irrigated land 35989 0.40 36224 0.4D 36276 0.40
2.1.3 Rice fields 5872 0.07 5911 0.07 5965 0.07
221 Vineyards 39398 0.44 39820 0.44 39582 0.44
222 Fruit trees and berry plantation 25404 0.28 25365 0.28 24229 0.p7
2.2.3 Olive groves 39964 0.45 40562 0.4b 41443 0.46
2.3.1 Pastures 427840 477 426812 476 420303 469
24.1 Annual cops associated with permarient

crops 9898 0.11 9934 0.11 9943 0.11
242 Complex cultivation patterns 272039 3.03| 268564 2.99 257096 2187
2.4.3 Land principally occupied by agriculture

with significant natural vegetation 219845 2.45 204031 2.27 167313 1/87
244 Agro-forestry areas 31888 0.36 32174 0.36 32875 0.37
3.1.1 Broad-leaved forest 888219 9.90f 889123 9.91 893619 9,97
3.1.2 Coniferous forest 1275517 14.21 1294857 14.43 1343726 14.99
3.1.3 Mixed forest 691295 7.700 687431 7.66 678633 7157
321 Natural grasslands 285698 3.18 278123 3.10 253945 2183
3.2.2 Moors and heath lands 202243 2.25 204025 2.27 209294 2/33
3.2.3 Sclerophyllous vegetation 98448 1.10 98625 1.10 99833 1.11
3.2.4 Transitional woodland-scrub 596695 6.65 583474 6.50 555685 6,20
331 Beaches, sand, dunes 3795 0.04 2751 0.038 1761 0.02
3.3.2 Bare rocks 82777 0.92 82336 0.92 81814 0.91
3.3.3 Sparsely vegetated areas 280189 3.120 277038 3.09 268715 3/00
3.34 Burnt areas 2848 0.03 2782 0.08 2456 0.03
3.35 Glaciers and perpetual snow 17088 0.19 16986 0.10 16618 0.19
411 Inland marshes 116058 1.29 112751 1.26 103332 1{15
4.1.2 Peat bogs 79693 0.89 75932 0.85 68907 0.77
4.2.1 Salt marshes 3115 0.03 3019 0.08 2704 0.03
422 Salines 757 0.01 756 0.01 797 0.01
4.2.3 Intertidal flats 10408 0.12 10336 0.1p 10201 0.11
5.1.1 Water courses 11080 0.12 7460 0.08 5316 0.06
5.1.2 Water bodies 231335 2.58 228208 2.54 221654 2147
5.2.1 Coastal lagoons 5635 0.06 5672 0.06 5783 0.06
5.2.2 Estuaries 3249 0.04 3203 0.04 3215 0.04
5.2.3 Sea and ocean 0.00 0.00 0.0(
Total 8975113 100 8973086 100 8965899 100
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Figure 12. Spatial distribution of land cover of the Pan-European Land cover mosaic for the year 2000 (PLCM2000) at
level 3 of the (CORINE land cover nomenclature).
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Table 9. Statistics per land cover class at CORINE level 3 for the year 1990 (PELCM1990) at different spatial
resolutions (area in knt).

CLC code| CLC nomenclature 100m % 500m % 1km %
1.1.1 Continuous urban fabric 5690 0.06 5522 0.06 4630 0.05
112 Discontinuous urban fabric 146396 1.63 140056 1.596 121729 1136
1.2.1 Industrial and commercial units 18715 0.21 17160 0.19 12561 0.14
1.2.2 Road and rail networks and associated |and 1589 0.02 983 0.01 364 0.00
1.2.3 Port areas 987 0.01 935 0.01 784 0.01
1.2.4 Airports 2876 0.03 2847 0.08 2702 0.03
1.3.1 Mineral extraction sites 5697 0.06 5386 0.06 3991 0.04
1.3.2 Dump sites 1101 0.01 1069 0.01 853 0.01
1.3.3 Construction sites 1143 0.01 941 0.01 659 0.01
141 Green urban areas 3019 0.03 2590 0.08 1639 0.02
1.4.2 Port and leisure facilities 7270 0.08 6786 0.08 4749 0.05
2.1.1 Non-irrigated arable land 2786951 31.09 2835054 31.59 2950045 32.90
2.1.2 Permanently irrigated land 32954 0.37 33186 0.3]7 33141 0.37
2.1.3 Rice fields 5922 0.07 5970 0.0y 6055 0.07
221 Vineyards 39574 0.44 39982 0.45 39710 0.44
2.2.2 Fruit trees and berry plantation 25327 0.28 25254 0.28 24055 0.p7
2.2.3 Olive groves 39455 0.44 40017 0.45 40745 0.45
2.3.1 Pastures 429288 4,78 428154 477 421162 4|70
24.1 Annual cops associated with permarjent

crops 10250 0.11 10291 0.11 10270 0.11
24.2 Complex cultivation patterns 272389 3.03 268818 3.00 257270 2187
2.4.3 Land principally occupied by agriculture

with significant natural vegetation 220838 2.46 204944 2.28 168215 1/88
244 Agro-forestry areas 31454 0.35 31718 0.3b 32429 0.36
311 Broad-leaved forest 885532 9.87 886273 9.88 890467 9/93
3.1.2 Coniferous forest 1277539 14.23 1297112 14.46 1346407 185.02
3.1.3 Mixed forest 691619 7.71] 687758 7.66 679161 757
3.2.1 Natural grasslands 287928 3.21 280298 3.12 256045 2/86
3.2.2 Moors and heath lands 203431 2.27 205229 2.29 210609 2/35
3.23 Sclerophyllous vegetation 100017  1.11 100189  1.12 101392  1[13
3.2.4 Transitional woodland-scrub 591544 6.59 578220 6.44 550264 6/14
331 Beaches, sand, dunes 3850 0.04 2809 0.08 1810 0.02
3.3.2 Bare rocks 82715 0.92 82268 0.9p 81706 0.91
3.3.3 Sparsely vegetated areas 280206 3.12 277044 3.09 268696 3J00
3.34 Burnt areas 3219 0.04 3145 0.04 2830 0.03
3.35 Glaciers and perpetual snow 17195 0.19 17091 0.19 16734 0.19
4.1.1 Inland marshes 116082 1.29 112788 1.26 103339 1/15
4,1.2 Peat bogs 80746 0.90 76991 0.86 69917 0./8
4.2.1 Salt marshes 3121 0.03 3024 0.08 2710 0.03
4.2.2 Salines 742 0.01 739 0.01 783 0.01
4.2.3 Intertidal flats 10500 0.12 10429 0.1p 10288 0.11
51.1 Water courses 11071 0.12 7446 0.08 5299 0.06
5.1.2 Water bodies 230359 2.57 227287 253 220771 2146
5.2.1 Coastal lagoons 5639 0.06 5675 0.06 5791 0.06
5.2.2 Estuaries 3252 0.04 3204 0.04 3222 0.04
5.2.3 Sea and ocean 0.00 0.00 0.0(
Total 8975194 100 8973174 100 8965999 100
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Pan-European Land Cover mosaic for the year 1960 (HISLUG60)

The main land cover for the Pan-European mosaidHeryear 1960 (HISLUG0) is arable land
(38.6%) with forest occupying a considerable amaiithe Pan-European territory (25.4%). Due to
spatial aggregations to coarser scales major landrcclasses still increase in acreage. All other

classes are more less constant or decrease sliglaiya (see Table 10).

Table 11 presents the statistics of the PLCM199@akdse according to the HISLUG0
nomenclature. In following section ‘Pan-Europeamd.aCover Changes 1960-1990’ a short
comparison will be made between HISLU60 and the RILE90 thematically aggregated to HISLU

classes.

Table 10. Statistics per land cover class for HISLUGO0 at different spatial resolutions (area in kn).

HISLUGO 1960
100m % 500m % 1km %

Urban 21360 0.24 21165 0.24 19887 0.22
Arable land 3462462 38.58 3463369 38.69 3485096| 38.94
Grassland 1722231 19.19 1722380 19.24 1725444 19.2§
Forest 2277614 25.38 2277674 25.44 2267626| 25.34
Non-agricultural land 1213539 13.92 1213102 13.55 1204215 13.46
Inland water 196207 2.1p 196019 2.19 193070 2.16
Sea 80661 0.90 79242 0.89 74098 0.83
Total 8974074 10( 8951786 100 8949549 100

Table 11. Satistics per land cover class for the PLCM1990 database recoded to the HISLU nomenclature and
aggregated to various spatial resolutions (area in knt).

HISLU classes 1990
100m % 500m % 1km %

Urban 194483 217 180827 2.02 149620 1.67
Arable land 3465116 38.601 3504936 39.064 3595102 40.09
Grassland 717216 7.99 698470 7.78 643819 7.18
Forest 2854690 31.8L 2876751 32.06 2935273 32.73
Non-agricultural land 1493368 16.64 1470659 16.39 1416475 15.79
Inland water 241430 2.69 232789 2.59 219111 2.44
Sea 8891 0.10 8825 0.10 8786 0.10
Total 8975194 10d 8973257 100 8968186 100
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Figure 13. Historical Land use database for the reference year 1960 (HISLUG60) derived by digital processing from
on the World Atlas of Agriculture..

Pan-European Land Cover Changes 1990-2000

The land cover changes between the years 1990 @0 &e derived from CORINE land cover.
For the countries that are not covered by CORINE Jand cover is equal for both 2000 and 1990,
see Annex Il. The Pan-European Land Cover Change€NIC1990-2000) indicates for areas
changed in land cover; what was the land cover9®@0land in 2000 (as a shape file). The area
outside the countries included in the CLC90-00 loizse are represented as no data. However, this
does not mean that there has not occurred anyclavet change in that period.

The exception is Switzerland for which differentional land cover databases were used for the
PLCM mosaics of 1990 and 2000. The national Svaed kcover databases are pixel based and the
methodology used in the production makes it diffica monitor changes between the databases.
The changes show a very fragmented picture (sp@dkiage). Furthermore, the refinement of the
Swiss national land cover databases of 1985 and d@68s not introduce land cover changes if the
CLC-level 2 land cover classes did not change. FEECOM database was used in both cases to
refine the CLC-level 2 classes. However, the déifiees in land cover between 1990 and 2000 were
taken into account in the statistics in Annex X.

Annex X presents the land cover changes betweeri288 and 2000 for different spatial and
thematic resolutions. The statistics presented detl the entire PLCM1990 and PLCM2000
databases. An important remark related to the digjis that you have to take into account that they
only refer to 25 European countries (Annex Il) &witzerland. Expressing them as relative values
with not adapting the total area will result insalconclusions.
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The overall general picture regarding land covemngfes between 1990 and 2000 is an increase of
artificial surfaces with approximately 9000knan decrease in agricultural areas with almos9900
km?. The wetlands have slightly decreasing in acreaige approximately 1000 kfn which is
compensated with an increase in water bodies. Fares semi-natural areas remain more or less
the same. A more detailed analysis of land covanghs at country level and/or landscape level
can be found in Haines-Young & Weber (2006) andfec et al. (prep/submitted).

Pan-European Land Cover Changes 1960-1990

A first attempt was made to compare the land coténe HISLU60 database with the PLCM1990
database. In other words, an attempt was madeettifig the land cover changes over the period
1960-1990. The PLCM1990 database was aggregatethtivally to the HISLU60 nomenclature as
shown in Table 5. The thematic aggregation of Cla3ses into HISLUG0 classes went fine since
the land cover classes in both databases are cahipan the area.

A comparison of the land cover statistics can b& beade at a 1km resolution. Comparisons at
finer resolution does not make sense since the HBBLdatabase is based on hardcopy maps at a
scale of 1:2.500.000.

Comparison of HISLU60 and PLCM1990 (recoded to HISLC classes) indicates the most
important land cover changes between 1960 and IO®te increase of urban area (from nearly
20.000 to nearly 150.000 Kyn Although urban areas occupy a relatively smedlaaof Europe.
Arable land in both databases is of the same madmit3.5 million krfi). The area occupied during
those 30 years seems to be more or less stablg ganincrease of 0.1 million Kt Grasslands
diminished significantly in area with 1 million Knfrom 1.7 million to 0.7 million krf) which is a
decrease of 12% in 30 years !. The forest are@ased with 0.6 M kim(from 2.3 to 2.9 million
km?) between 1960 and 1990. The area of non-agri@iltand is of the same magnitude (1.2-1.4
million km?). However, the area seems to be increasing frori%i3n 1960 to 15.8% in 1990
which looks to be in contrast with the general apis of decreasing non-agricultural areas. Inland
waters did not really change in area since thdlyattupy an area of around 200.000%(8.2-
2.4%).

Table 12 lists all the land cover products madéiwithe ECOCHANGE project.

Table 12. This table shows all the land cover peat&lulhe three main land cover databases HISLUBGGMA990 and
PLCM2000 (indicated in grey and bold letter typayé been aggregated to various thematic resol(@QRINE level
3, CORINE level 2, ALARM and HISLU60 nomenclatueg)d spatial resolutions (100m, 500m and 1000m)

Nr  List Output Data files* Description Size

1 hislu60_100m.img HISLUG0 database with a 100 atiapresolution 45,892,580

2 hislu60_500m.img HISLUG60 database with a 500 atiapresolution 2,216,724

3 hislu60_1km.img HISLUG0 database with a 1000 m spatial resolutariginal) 5,344,768

4 1c1990_alarm_100m_v2.img PLCM1990 thematicallyraggted to the ALARM nomenclature 128,277,329
5 1c1990_alarm_500m v2.img 2;gg”té??gsmi?g‘;ig?'%ggn%fegated to the ALARM nomanate and 5 7,3 103

6 I1990_alarm_1km_v2.img PLCM1990 thematically aggregated to the ALARM nomatale and 3.704.444

a spatial resolution of 1000 m.
7 1c1990_hislu60_100m_v2.im PLCM1990 thematicallgragated to the HISLU60 nomenclature 127,442,000
PLCM1990 thematically aggregated to the HISLU60 nocteture and
a spatial resolution of 500 m.

PLCM1990 thematically aggregated to the HISLU60 nocteture and
a spatial resolution of 1000 m.

8 1c1990_hislu60_500m_v2.im 12,674,704

9 1c1990_hislu60_1km_v2.img 3,666,096
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10  1c1990_level2_100m_v2.img PLCM1990 thematicafjgregated to CORINE level two 187,500,347
11 1c1990_level2 500m v2.img feggm332%:g%rgﬁcally aggregated to CORINE level twd a spatial 19.397,978
12 161990 _level2_1km_v2.img fe;(;mtlig:%ftq%rggtﬁally aggregated to CORINE level twd a spatial 5631526
13 161990_level3_100m_v2.img 1’88 r?qng;)r;?ilaTrLeCs'\c/)lltst)ig(r)l)land cover database (at CORNEII3 and a 180,464,900
14 1c1990_level3_500m v2.img ;I'ehse()lzlt_i(():rl:/IIQQO land cover database aggregated to enSjiatial 23,783,135
15 1c1990_level3_1km_v2.img ;I'ehse()lzlt_i(():rl:/IIQQO land cover database aggregated to@rhGspatial 6.933,964
16  1c2000_alarm_100m_v2.img :2;;';52{'&0600 land cover database aggregated toltA&R 128,789,636
17 162000_alarm_500m v2.img The PLCM2000 land cover datgbase agg.regated toltARM 12,779,378
- — - nomenclature and a 500m spatial resolution
18 1c2000_alarm_1km v2.img The PLCM2000 land cover datat_)ase aggrt_agated toLtAGRM 3.714,561
nomenclature and a 1000m spatial resolution
19 1c2000_hislu60_100m v2.im :zﬁqzrl;ngrgoo land cover database aggregated toI®leU60 127,961,247
20 162000 hislu60 500m v2.im The PLCM2000 land cover datgbase agg.regated to B0 12,711,585
- - - nomenclature and a 500m spatial resolution
21 1c2000_hislu60_1km,_v2.img The PLCM2000 land cover datapase aggrggated to B0 3,675,297
- = nomenclature and a 1000m spatial resolution
22 1c2000_level2_100m_v2.img Lo (CM2000 land cover database aggregated toZevkine 188,297,544
. The PLCM2000 land cover database aggregated to2evkthe
23 1c2000_level2_500m_v2.img CORINE nomenclature and a 500m spatial resolution 19,463,595
. The PLCM2000 land cover database aggregated to2evkthe
24 1c2000_level2_1km_v2.img CORINE nomenclature and a 1000m spatial resolution 5,651,519
25 162000 level3_100m v2.img 1’88 r?qug;)r;?:aTrL(aCshc/)lli%g(r)l)land cover database (at CORNEII3 and a 181,100,778
26 1c2000_level3_500m_v2.img The _orlglnal P!_CMZOOO land cover database aggregatacc00m 23,841,616
spatial resolution
27 162000 level3_1km v2.img The original PLCM2000 land cover database aggregatadl000m 6,951,538

spatial resolution

All data sets listed above can be viewed and eggdlénom the following temporary web mapping

tool site:http://www.synbiosys.alterra.nl/ecochange/plcm.adjus site should be made available

through the ECOCHANGE website.
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5. Quality assessment of land cover datasets

CORINE Land Cover

The CLC2000 database was validated according tantethods: a reinterpretation of IMAGE2000
data based on LUCAS codes and photographs andi@matic comparison of CLC2000 codes and
LUCAS land use and land cover codes (Buttner & Miai?006). The validation was directed to
the areas for which LUCAS data was available. Tdiaterpretation approach resulted in a total
reliability of CLC2000 of 87.0 = 0.8% fulfilling # 85% accuracy requirement. The result of the
automatic comparison between CLC2000 and LUCAS avasverage accuracy of 74.8 + 0.6%.
The validation at class level was limited to 22 ofithe 44 CLC classes. The highest class level
reliability was obtained by rivers, lakes, industrand commercial units and discontinuous urban
fabric (>95%). Arable land, permanently irrigatedd, agro-forestry and coniferous forest obtained
90-95% of reliability. The lowest class level réligy was obtained for the sparse vegetation class
(<70%). According to our knowledge there is no Bp@an validation available regarding the
CORINE Land Cover database of 1990.

PELCOM

The PELCOM database was validated on basis of dimterpretation of 40 mainly Landsat TM
images spread over Europe. In total 770G lras covered in the assessment. The overall agcurac
was 69.2%. Class accuracies varied between classssde land and coniferous forest (occupying
the largest areas in Europe) had accuracies ambifitles of around 80%. While small and
fragmented land cover classes such as shrublandwatidnds had very low accuracies and
reliabilities. Main problems in validation were theterogeneous mixed pixels and the geo-
referencing of the AVHRR data (Mucher et al., 2001)

GLC2000

The global land cover map for the year 2000 (GL@JGHoduced by Joint Research Centre (JRC)
in collaboration with 30 partner institutes hasrbealidated. The accuracy assessment relied on
two methods: a confidence-building method (quatitytrol based on a comparison with ancillary

data) and a quantitative accuracy assessment loasadstratified random sampling of reference

data. The sample site stratification used an upithylgrid of Landsat data and was based on the
proportion of priority land cover classes and oa fdndscape complexity. A total of 1265 samples
sites have been interpreted. The overall accuratlyeodataset reached 68.6%. Error statistics were
provided from both the producer and user perspe¢Mayaux et al., 2006).

National land cover datasets

The Swiss national CORINE Land Cover databases 987 l1and 1985 with CLC level 2
nomenclature are based on the Swiss national laedtatistics. During the production process the
CLC figures were compared with the land use stesisUnfortunately, accuracy statistics of the
Swiss CLC databases were not available. Accurayssts of the Norwegian land cover dataset
were neither available.
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HISLUG0

The assessment of the HISLUG60 dataset was publigheal paper called “Compilation and
assessment of Pan-European land cover changeseHazl., 2008) which was presented at the
EARSeL conference in Turkey. Large parts of thitisa were taken from that paper.

The quality of the HISLUG0 database was assessidtie following independent data sources:
1. national land cover database of the Netherland$960 (HGN60),
2. Swiss national statistics for 1972, and
3. 73 BIOPRESS windows of 30 by 30 km across Europetfe year 1950 (Geraret al.
2006; Hazeu & Mucher 2005).

The HGNG60O database is a Dutch historical GIS daglsantaining the land use of the Netherlands
for the year 1960. The database is a raster daatfa®5 by 25m and contains 10 different land
uses. It is based on topographical map sheetsvibed scanned and classified with a semi-
automatic classification method. The entire Netreds was covered with map sheets of different
reconnaissance dates (Kramer & Dorland, in prep).

The Swiss national land cover dataset of 1972 gaek to land use statistics of 1960s. This data
were used to validate the HISLU60 dataset for Salignd. The original 12 land use classes were
converted into the 7 HISLU classes.

BIOPRESS's focussed on past land cover changes @50 to 2000, which may have had an
impact on habitats and their associated biodiwersivr a selection of 73 windows of 30 by 30km
across Europe aerial photographs of the 1950s wemgpared against CLC1990. A minimum
mapping unit of 25 ha was used which is in linehvitie standard CORINE Land Cover minimum
mapping unit. The CLC nomenclature was used inrttexpretation and land use change analysis
(Gerard et al., submitted).

For all three data sources the land cover classese wonverted to the HISLUG0
nomenclature. The validation for the NetherlandywiGN1960 covers the Dutch territory with a
border of sea around (area of 4173%krithe validation for Switzerland covers an area@b866
km?. The validation of HISLUB0 with the BIOPRESS détam 1950 covers a total area of 59304
km? across Europe.

Comparison of HISLUG0 with PLCM1990 indicates aysitrong increase in urban and forest areas
at the expense of grasslands (Table 10 and 119r Affirst assessment of the HISLU60 dataset it
appeared that the urban area was largely undesgstimA combination with the urban areas of the
Digital Chart of the World (DCW) resulted in a letestimation of urban areas around 1960. The
improved HISLU60 data are presented in Table 134ad & column).

Table 13. Area (km? and %) of 7 HISLU land cover classes for the years 1960, 1990 and 2000. The spatial resolution is
1 by 1 km.

HISLU PLCM1990- PLCM2000-
Classes HISLU60 PLCM1990 PLCM2000 HISLUG0 PLCM1990

km2 % km2 % km2 % km2 km2
Urban 87057 0.97 149620 1.67 157924 1.76 62563 8304
Arable land 3432502 38.27 3595102  40.09 3587947 0140. 162600 -7155
Grassland 1716263 19.13 643819 7.18 640629 7.14 72443 -3190
Forest 2260972 25.21 2935273  32.73 2935987 32.74 4307 714
Non-agri.land 1205102 13.44 1416475 15.79 14168875.801 211373 412
Inland waters 193284 2.15 219111 2.44 219956 2.45 5822 845
Sea 74259 0.83 8786 0.10 8769 0.10 -65473 -17
Total 8969439 100 8968186 100 8968099 100
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* discrepancies in total areas due to small diffees in extent
* HISLU60 data deviate slightly from Table 10 dwerécent improvements with DCW

The differences in thematic, spatial and tempoedhitl between the validation data sets and the
HISLUG0 database hampers a direct assessment.sEhesment results have to be dealt with care.
They give only an indication of the overall accyradf the HISLUG60 database. Outcomes from
other regional assessments may be different.

Table 14. Omission (accuracy) and commission (reliability) errorsfor the three HISLUG0 assessments. The index
(HISLU6O/reference dataset) indicates under- or overestimation of a land cover classin the HIS_LU6G0 dataset.

HISLU classes HGN1960 BIOPRESS1950 SWISS1970

om. Com. om. Com. om. Com.

error error Index error error Index error error ndéx
Arable land (class 1) 0.57 0.46 1.23 0.57 0.63 0.90 0.16 0.60 0.27
Grassland (class 2) 0.57 0.64 0.89 0.46 0.22 213 510 0.24 2.13
Forest (class 3) 0.28 0.27 1.05 0.52 0.55 0.95 0.370.38 0.97
Non-agricultural land (class 4) 0.39 0.37 1.04 0.11 0.40 0.28 0.64 0.56 1.14
Inland water (class 5) - - 0.28 0.25 1.11 0.61 670. 0.91
Urban (class 6) 0.16 0.46 0.35 0.29 0.66 0.43 0.06 0.65 0.10
Sea (class 7) 0.85 0.86 0.99 0.91 0.68 0.46 - -
Overall accuracy 0.58 0.48 0.38

* Sea and inland water are taken together in HGRI8essment
* HGN60 assessment with fruit trees/ orchards @IHJ recoded to Grassland
* BIOPRESS assessment with new HISLU60 dataset

Table 14 shows that the accuracies (omission @reord reliabilities (commission errors) of the

HISLUG0 database are low for all three validatictadsets (HGN1960, BIOPRESS 1950 and
SWISS1970). All error figures indicate limited daaccuracies and reliabilities (in most cases
below 60%). The overall accuracy of the HISLUGOathaise ranges from 38.4 — 58.1% depending
on the used reference dataset. The accuracy assgssith the Swiss data resulted in the lowest
overall accuracy while the BIOPRESS assessmentanaktermediate position with 48.1%. These
low accuracies are a clear indication to restte thange analysis only to regional or national
statistics. A more detailed analysis of changessdu# make sense as the pixel (1 by 1 km) or
locational accuracy is very low as indicated bytlalee assessments.

An index, defined as the HISLUG0 area divided kg dnea of the reference (validation) dataset was
calculated per HISLUGO class for each assessmaaiy.sthe index is an indication for the extent of
under- or overestimation of the surface area inHi8®.U60 database compared with the reference
datasets.

Differences in the index between the three asseagsmsesmall and around 1 for the HISLU classes
forest and inland water, indicating similar surfareas in both the HISLU60 and the reference
datasets. All three assessments indicate a lowkindkie for the urban class indicating a large
underestimation of urban area in the HISLU60 dateb®espite the improvement of urban area
due to the combination of HISLU60 data with the DCNdtabase, the area is still largely
underestimated (Table 14, column 7). The othercexlifor the three assessments vary largely and
over- or underestimation of land cover are in caditttion with each other. Arable land is largely
overestimated (23%) in the Netherlands but undenestd in the other case studies. Grassland is
underestimated according to the Dutch case-stutliabgely overestimated (and in equal amounts)
in the Swiss and BIOPRESS assessments. Non-agrigultand is largely underestimated
according to the BIOPRESS data.

A detailed assessment for the Netherlands revéatgd regional differences in index values. Only
arable land (all overestimation) and urban ardau(alerestimation with the exception of Friesland)
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present the same trends for all provinces. Tablshbivs the regional variation for the HISLU land
use classes between HISLU60 and the HGN60 referdateset. The "2 column shows the
difference in ha between HISLU and HGN, the secooldmn indicates the relative size of the
discrepancy between the two datasets and the isioiews the ratio between HISLU and HGR(4
column). Non-agricultural land, urban area and waie largely underestimated in Gelderland
while in Friesland they are (slightly) overestinthteurthermore, it is clear that both provincesenav
a much larger overestimation of arable land thanntean figure for The Netherlands (see Table

14).

Table 15. Variation in surface area (ha) between HISLU60 and the HGNG0 reference dataset for two Dutch provinces.

Province Gelderland Province Friesland
HISLU-HGN HISLU-HGN
(ha) % of total Index (ha) % of total Index

Arable land 84725 16.5% 2.07 25319 4.4% 1.80
Grassland -64400 -12.5% 0.78 -43594 -7.6% 0.84
Forest 15269 3.0% 1.17 2356 0.4% 1.32
Non-agriculture -13006 -2.5% 0.48 7356 1.3% 1.44
Urban -12688 -2.5% 0.23 113 0.0% 1.03
Water -9900 -1.9% 0.03 8450 1.5% 1.04

The comparison of HISLU60 data with the BIOPRES& dhows large regional differences. One
important discrepancy between both datasets is dbherestimation of grasslands in the
Mediterranean countries on behalf of the non-agjtical class. The majority (>80%) of moors and
heath lands (CLC class 322), sclerophyllous vemetaiCLC class 323) and sparsely vegetated
areas (CLC class 333) are not classified as noiatdfyral land. The area occupied by those classes
is for more than 50% classified as grasslandserHtsLU60 database.
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6. Assessment of land cover changes in Europe

1990-2000

The land cover changes between PLCM1990 and PLCM&gfer to those countries that have both
CLC databases available. Weber (2007), Haines-Y@&uWWgeber (2006) and Feranec et al.
(submitted) elaborate on these land cover changgelen CLC1990 and CLC2000.

The CLC-changes between 1990 and 2000 were nodatet by the EEA (European
Environmental Agency). The changes were only velifduring the different verification missions
by an external team. At national level they wemnstimes validated (eg. The Netherlands) (Hazeu,
2003). A possible source for validating land coebianges between 1990 and 2000 are more
detailed national land cover (change) databaseseker, access can be difficult for other countries
and it is also the question if they are existing.

1960-1990

The assessment of historical land cover changdiffisult due to various reasons. The most
important ones are:

1. The comparison of different datasets is difficuledo differences in thematic and spatial
detail.

2. The objectives, methodology and production is déifeé for historical land cover datasets
and not comparable with more recent datasets. dimparability of the datasets and
therefore the assessment of changes is complicated.

3. Historical land cover datasets are produced wighbist available data sources. One dataset
is often a combination of different data sourcdser&fore, the temporal (and thematic)
variation within one dataset can be large.

4. Validation of a historical dataset is difficult eslependent reference data sources are very
limited. Collection of ‘new’ data is not possible.

Based on these assumptions and the limited accufathe HISLU60 dataset, the assessment of
1960-1990 land cover changes has been limitedgiomal statistics. A pixel to pixel validation is
not valid. The NUTSx administrative regions weredigor the statistical analysis. The NUTSx
dataset divides Europe in administrative regionscaiparable size. The focus of the change
analysis was directed to the grassland and foaest tovers. After all, these classes are the most
important ones within the ECOCHANGE project.

With the indices calculated for the HISLU60 assems#tina regional assessment (NUTSx) of the
land cover changes for the 1960-1990 period wasedaout. The index (HISLUG0 area/reference
dataset area) was calculated per HISLUG0 clas®doh assessment study. The BIOPRESS and
Swiss indices of Table 14 were used to calculateean index.. However, these results did not
deviate much. On basis of this index a new norraedlidISLU60 area (HISLUG@m) per NUTSx
region was calculated for the grassland and falastses. The normalized 1960 values were used in
the regional analysis of changes for the 1960-18#9d (Hazeu et al., 2008).

Figure 14 shows the percentage of changes in forggtissland expressed as percentage of their
normalized 1960 area per NUTSx regions ((PLCM1998t60,0r)/HISLUBO, o). The total
forest area increases with 236122 km2 and thelgrakarea decreases with 563730 km2 for the
EU27+2. These figures show a similar trend as tidgstics presented in Table 13.
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The general picture for the forests in Europe shamwsicrease in forest area for NUTSx regions in
Norway, Sweden and the Central Southern part obfgirExtreme increases are limited (Norway,
Scotland, Ireland, Estonia and small part of Frand&/TSx regions with an extreme increase for
grassland areas are located in Norway, IrelandaiBrand Portugal. The decrease in grassland area
is pronounced in large parts of Europe (yellow NMT&gions).

Land cover changes for Forest in EU27+2 Land cover changes for Grassland in EU27+2
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Figure 14. Spatial distribution of the amount of changes during the 1960-1990 period for forest (left) and grasslands
(right) in Europe for NUTSx regions. The increase and decrease are expressed as percentage of the 1960 area.
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Figure 15. Spatial distribution of NUTSX regions with an increase or decrease of forest and grasslands. Non-significant
changesarein grey.

Very strong increases of forest or grassland haetinterpreted with care. Very small areas of
grassland/forest in 1990s and much larger are8&@4 will result in decreases of nearly 100% for
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specific NUTSx region. Furthermore, changes are @tsibtful if the direction (increase or
decrease) of changes between 1990-1960 and 199m0d®6 are not similar (Figure 15).

A final check of the direction and magnitude of mpas per NUTSx region could be a comparison
with the land cover change statistics for BIOPRE&®Iows located entirely within one NUTSXx
region. Another possibility could be a comparisathwand use statistical databases if they contain
data of 1960s at NUTSx administrative level.
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7. Outlook to the future

Assessment of land cover datasets

The CLC2000 database was validated on basis of L&@ata (Buttner & Maucha, 2006). The
overall thematic accuracy is above 85%. PELCOMheaan overall accuracy of 69.2% (Mucher
et al., 2001) and GLC2000 has an overall accuradB8db% (Mayaux et al., 2006). All databases
have accuracy figures at class level. The most itapbclasses arable land and coniferous forest
have accuracy levels above the overall accurace $wiss national CLC database has been
compared with the original Swiss Land Use Stasistic which it was based. The validation figures
for CLC90 and the Norwegian land cover datasetewet available

The assessment of the HISLUG0 database was resttiziand cover data with a spatial resolution
of 1 km and 7 HISLUG0O classes. The production &aa-European land cover map for 1960 was
determined by the availability of non-digital cagtaphic maps. Consistency of such maps in
thematic and spatial detail are limited accordmgurrent requirements. Improvements of the urban
areas of the HISLU60 database resulted in bettiestililow accuracies.

The overall accuracy of the HISLU60 database omshafsthree independent data sources is low
(<60%). Therefore, a pixel comparison of changesvéen 1960-1990 is difficult. Analysis of
changes in regional land cover statistics (at NUT&el) helps in understanding processes (e.g.
afforestation, urbanization) within the Europeandscapes. However, regional differences in the
guality of the HISLU60 database implies to usel#mel cover change indications with care.

Assessment of land cover changes

The validation of land cover changes between 198 2Avas not considered at European scale.
The changes were only verified by a external teanind the production of CLC2000. A possible
source for validating land cover changes betweed0 I#hd 2000 are more detailed national land
cover (change) databases.

As a pixel to pixel comparison of the HISLU60 datawith reference data showed low accuracies,
the land cover changes between 1960 -1990 hasdedassed at a regional or an even less detailed
level. Calculation of a normalized 1960 land coerrbasis of HISLU/reference dataset ratios can
helped in analysing historical land cover changésmparison with BIOPRESS 1950-1990
statistics helped to better interpret the resultsthe regional land cover change assessment
presented in this deliverable.

Historical change analysis remains difficult anceda® to be further explored in new projects.
Results of a historical land cover change analyseds to be validated and interpreted in relaton t
the way they are produced and used. Lack of indég@n(spatial) historical data hamper the
validation of historical land cover changes.

Recoding

After comments of the users of the land cover petsithe recoding of land cover classes into CLC-
level 3 classes can be adapted to fit more thesgdhe users. Also, after verifying the PLCM1990
database recoded to HISLU classes some adaptatiaid be made to make a change analysis
between this database and the HISLUG60 databasel! @rsedlifferent applications.
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Fragmentation analysis

The land cover databases HISLU60, PLCM1990 and P2@MN will be used in the fragmentation
analysis. In the near future the landscape metrdkkde selected and the level of detail on which
analysis will take place (class or landscape levd§o a decision will be taken on which land cover
products the fragmentation analysis will be perfedm
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Annexes

Annex . Definition of the INSPIRE standard projeatETRS_1989 LAEA

PROJCS ["ETRS_1989_LAEA"],
GEOGCS["GCS_ETRS_1989"],
DATUM["D_ETRS_1989"],
SPHEROID["GRS_1980",6378137.0,298.257222101],
PRIMEM["Gteenwich",0.0],
UNIT["Degree",0.0174532925199433]],
PROJECTION["Lambert_Azimuthal Equal_Area"],
PARAMETER["False_Easting",4321000.0],
PARAMETER|["False_Northing",3210000.0],
PARAMETER["Central_Meridian",10.0],
PARAMETER["Latitude_Of_Origin",52.0],
UNIT["Meter",1.0]]
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Annex II. Availability and use of different land wer datasets in the compilation of PLCM90 and

PLCM2000.
Country 2000 1990 changes
Albania CLC2000 idem no
Andorra GLC2000 idem no
Austria CLC2000 CLC1990 yes
Belgium CLC2000 CLC1990 yes
Bosnia and Herzegovina CLC2000 idem no
Bulgaria CLC2000 CLC1990 yes
Croatia CLC2000 CLC1990 yes
Cyprus CLC2000 idem no
Czech Republic CLC2000 CLC1990 yes
Denmark CLC2000 CLC1990 yes
Estonia CLC2000 CLC1990 yes
Finland CLC2000 idem no
France CLC2000 CLC1990 yes
Germany CLC2000 CLC1990 yes
Greece CLC2000 CLC1990 yes
Hungary CLC2000 CLC1990 yes
Ireland CLC2000 CLC1990 yes
Italy CLC2000 CLC1990 yes
Liechtenstein CLC2000 idem no
Latvia CLC2000 CLC1990 yes
Lithuania CLC2000 CLC1990 yes
Luxembourg CLC2000 CLC1990 yes
Macedonia CLC2000 idem no
Malta CLC2000 idem no
Netherlands CLC2000 CLC1990 yes
Norway AR2000+GLC2000 idem no
Poland CLC2000 CLC1990 yes
Portugal CLC2000 CLC1990 yes
Romania CLC2000 CLC1990 yes
San Marino CLC2000 CLC1990 yes
Slovakia CLC2000 CLC1990 yes
Slovenia CLC2000 CLC1990 yes
Spain CLC2000 CLC1990 yes
Sweden CLC2000 idem no
Switzerland CH97+PELCOM CHS85+PELCOM no
United Kingdom CLC2000 CLC2000+changes yes
Serbia and Montenegro CLC2000 idem no
Iceland PELCOM idem no
Kosovo PELCOM idem no
Moldavia PELCOM idem no
Pan-Eunrope GLC2000 idem no

Albania: not EU27 with CLLC2000 (and sometimes CLCT1990)
Apndorra: not EU27 and no CL.C2000
Austria: EU27 with CL.LC2000 and CI.C1990
Cyprus: EU27 with only CLLC2000

Norway: not EU27 and local LC
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Annex lll. Nomenclature of different land cover asts.

CORINE Land Cover

Level 1 level 2 Level 3
1 Artificial 1.1  urban fabric 1.1.1  Continuous urban fabric
surfaces 1
1.1.2 Discontinuous urban fabric )
1.2 industrial, commercial and 1.2.1 Industrial and commercial units 3
transport units 1.2.2 Road and rail networks and associated | 4
1.2.3 Port areas 5
1.2.4  Airports 6
1.3 mine, dump and 1.3.1 Mineral extraction sites 7
construction sites 1.3.2 Dump sites 8
1.3.3 Construction sites 9
1.4  artificial non-agricultural 1.4.1 Green urban areas 10
vegetated areas 1.42 Port and leisure facilities 1
2 Agtricultural 2.1 arable land 2.1.1 Non-irrigated arable land
areas 12
2.1.2  Permanently irrigated land 13
2.1.3  Rice fields 14
2.2 Permanent crops 2.2.1 Vineyards 15
2.2.2 Fruit trees and berry plantation 16
2.2.3  Olive groves 17
2.3 Pastures 2.3.1 Pastures 18
2.4 heterogeneous agricultural areas | 2.4.1 Annual cops  associated  with
permanent crops 19
242 Complex cultivation patterns 20
243 Land principally  occupied by
agriculture with significant natural | 21
2.44  Agro-forestry areas 22
3 Forests and 3.1 Forest 3.1.1 Broad-leaved forest 23
semi-natural 3.1.2  Coniferous forest
Areas 24
3.1.3 Mixed forest 25
3.2 shrub and/or herbaceous 3.2.1 Natural grasslands 26
Vegetation associations 3.22  Moors and heath lands 27
3.2.3  Sclerophyllous vegetation 28
3.24 Transitional woodland-scrub 29
3.3 open spaces with little or no | 3.3.1 Beaches, sand, dunes
vegetation 30
3.3.2 Bare rocks 31
3.3.3 Sparsely vegetated areas 32
3.3.4 Burnt areas 33
3.3.5 Glaciers and perpetual snow 34
4  Wetlands 4.1 inland wetlands 4.1.1 Inland marshes 35
4.1.2  Peat bogs 36
4.2 coastal wetlands 4.2.1  Salt marshes 37
422 Salines 38
4.2.3 Intertidal flats 39
5 Water bodies 5.1 inland watets 5.1.1 Water courses 40
5.1.2  Water bodies 41
5.2 marine waters 5.2.1 Coastal lagoons 42
5.2.2 Estuaries 43
5.2.3 Sea and ocean 44
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Annex IV. Recode tables for GLC2000 and PELCOM i@tcC (CORINE Land Cover) classes

Annex 1V a. Recoding of the PELLCOM land cover database into the CORINE nomenclature.

PELCOM CORINE
code classname code classname Class
nr
11 Broadleaf forest 3.1.1 broadleaf forests 23
12 Coniferous forest 3.1.2 coniferous forest 24
13 Mixed Forest 313 mixed forest 25
20  Grasslands 2.3.1 pastures 18
31  Rainfed-arable 2.1.1 non-irrigated arable land 12
32 Irrigated land 2.1.2 permanently irrigated land 13
40  Permanent crops 2.2.1 vineyards 15
50  Shrubland 323 sclerophyllous vegetation 28
60  Barren land 333 sparsely vegetated areas 32
70 Permanent ice and snow 335 glaciers and perpetual snow 34
80  Wetlands 4.1.1 inland marshes 35
91  Inland waters 5.1.2 water bodies 41
92 Sea 523 sea and ocean 44
100 Utrban areas 1.1.2 discontinuous urban fabric 2
Annex I1V'b Recoding of the GLLC2000 land cover database into the CORINE nomenclature.
GLC GILC2000 CORINE CORINE Clas
code code Classname nr
1 Tree Cover, broadleaved, evergreen 311 Broadleaf forests 23
2 Tree Cover, broadleaved, deciduous, closed 311 Broadleaf forests 23
3 Tree Cover, broadleaved, deciduous, open 311 Broadleaf forests 23
4 Tree Cover, needle-leaved, evergreen 312 Coniferous forest 24
5 Tree Cover, needle-leaved, deciduous 312 Coniferous forest 24
6 Tree Cover, mixed leaf type 313 Mixed forest 25
7 Tree Cover, regularly flooded, fresh - -
8 Tree Cover, regulatly flooded, saline, (daily - -
variation)
9 Mosaic: Tree cover / Other natural vegetation |312 Coniferous forest 24
10 Tree Cover, burnt 334 Burnt areas 33
11 Shrub Cover, closed-open, evergreen 324 Transitional woodland shrub 29
12 Shrub Cover, closed-open, deciduous 324 Transitional woodland shrub 29
13 Herbaceous Cover, closed-open 321 Natural grasslands 26
14 Sparse Herbaceous or sparse shrub cover 333 Sparsely vegetated atreas 32
15 Regularly flooded shrub and/or hetbaceous 411 Inland marshes 35
cover
16 Cultivated and managed areas 211 Non-irrigated arable land 12
17 Mosaic: Cropland / Ttree Cover / Other 211 Non-irrigated arable land 12
Natural Vegetation
18 Mosaic: Cropland / Shrub and/or Hetrbaceous {211 Non-irrigated arable land 12
cover
19 Bare Areas 332 Bare rocks 31
20 Water Bodies (natural & artificial) 512 Inland water bodies 41
21 Snow and Ice (natural & artificial) 335 Glaciers and perpetual snow 34
22 Artificial surfaces and associated areas 112 Discontinuous urban fabric
23 Permanently irrigated land 212 Permanently irrigated land 13
24 No data

a7



Annex V. Projection parameters of the Swiss langecproducts

Projection: Hotine_Oblique_Mercator_Azimuth_Center

Parameters:

False_Easting: 600000.000000
False_Northing: 200000.000000
Scale_Factor: 1.000000
Azimuth: 90.000000
Longitude_Of_Center: 7.439583
Latitude_Of_Center: 46.952406
Linear Unit: Meter (1.000000)
Geographic Coordinate System:
Name: GCS_CH1903

Angular Unit: Degree (0.017453292519943299)
Prime Meridian: Greenwich (0.000000000000000000)
Datum: D_CH1903

Spheroid: Bessel 1841

Semimajor Axis: 6377397.155000000300000000
Semiminor Axis: 6356078.962818188600000000
Inverse Flattening: 299.152812799999990000
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Annex VI. Recoding and production of CLC for Norway

CLC- CLC-level3
AR2000 | level3 GLC2000 | NO+
Production Forest 1 312 2and 3 311
6 313
10 324
rest 312
Non-production forest 2 312 2and 3 311
6 313
10 324
rest 312
Agticultural land 3 211 13 231
17 and 18 | 243
rest 211
Other land with vegetation | 4 322 9 324
13 321
15 412
rest 322
Barren land 5 332 12-15 333
rest 332
Built-up areas 6 112 all 112
Glaciers 7 335 all 335
Water 8 512 all 512
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Annex VII. Recoding and production of CLC for Svétiand.

CLC- CLC- PELCOM-CLC | CLC-level3
level2 level3 codes CH+
11 112 all 112
12 121 all 121
13 133 all 133
14 141 18 142
rest 141
21 211 all 211
22 222 15 221
rest 222
23 231 all 231
24 242 23-25, 28,3234 | 243
rest 242
31 312 23 311
25 313
rest 312
32 321 28 323
23,24 and 25 324
rest 321
33 333 32 332
34 335
rest 333
41 411 all 411
42 - -
51 512 all 512
52 - -
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Annex VIII. Thematic aggregation of PLCM2000 datsddCLC-level 2, ALARM and HISLUG0)
for 100nf, 500nf and 1k spatial resolutions (area in Km

CLC code CLC level2 classes 100m? % 500m? % 1km? %
11 Urban fabric 156601 1.74 | 149228 1.66 | 128280 1.43
12 Industrial, commercial and transport units 27113 0.30 24641 0.27 18780 0.21
13 Mine, dump and construction site 8635 0.10 7919 0.09 5494 0.06
14 Artificial, non-agricultural are 11191 0.12 10186 0.11 6907 0.08
21 Arable land 2819154 31.41 | 2859273 31.87 | 2950905 3291
22 Permanent crops 104766 1.17 | 105350 1.17 | 103963 1.16
23 Pastures 427840 477 | 423163 472 407925 4.55
24 Heterogenous agricultural areas 533670 595 | 515867 575 | 475911 5.31
31 Forests 2855031 31.81 | 2887205 32.18 | 2974722 33.17
32 Shrub and/or herbaceous vegetation 1183084 13.18 | 1163968 12.97 | 1116291 12.45
33 Open spaces with little or no vegetation 386698 4.31 382096 426 | 371670 4.14
41 Inland wetlands 195751 218 | 186482 2.08 | 161211 1.80
42 Maritime wetlands 14279 0.16 14147 0.16 13821 0.15
51 Inland waters 242415 270 | 234494 2.61 | 222298 2.48
52 Marine waters 8884 0.10 8855 0.10 8920 0.10

Total 8975113 100 | 8972871 100 | 8967098 100

ALARM classes 100m? Yo 500m? Yo 1km? %

Urban 203540 227 | 189824 212 | 157921  1.76

Agriculture 3457590  38.52 | 3496685 38.97 | 3585409 39.98

Grassland 427840 477 | 417781  4.66 | 391400  4.36

Forest 2855031 31.81 | 2876808 32.06 | 2933370 32.71

Surplus land 1393115 15.52 | 1367191 15.24 | 1298946 14.48

Other fixed land cover | 637996  7.11 | 624839  6.96 | 601054  6.70

Total 8975113 100 | 8973128 100 | 8968100 100
HISLU classes 100m? % 500m? % 1km? %

Urban 203540 227 | 189817 212 | 157924  1.76

Arable land 3457590 38.52 | 3497343  38.98 | 3587947 40.01

Grass land 713538 795 | 694959  7.74 | 640629  7.14

Forest 2855031 31.81 | 2877166  32.06 | 2935987 32.74

Non-agricultural land | 1494115  16.65 | 1471360 16.40 | 1416887 15.80

Inland waters 242415 270 | 233704  2.60 | 219956  2.45

Sea 8884  0.10 8820  0.10 8769  0.10

Total 8975113 100 | 8973168 100 | 8968099 100
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Annex IX. Thematic aggregation of PLCM1990 datab@eC-level 2, ALARM and HISLUG60)
for 100nf, 500nf and 1knf spatial resolutions (area in Km

52

CLC code CLC level2 classes 100m” % 500m” % 1km” %
11 Urban fabric 152086 1.69 | 144549 1.61 123434 1.38
12 Industrial, commercial and transport units 24167 0.27 21906 0.24 16472 0.18
13 Mine, dump and construction site 7941 0.09 7321 0.08 5265 0.06
14 Artificial, non-agricultural are 10289 0.11 9325 0.10 6253 0.07
21 Arable land 2825828 31.48 | 2866140 31.94 | 2957570  32.98
22 Permanent crops 104356 1.16 104852 1.17 103203 1.15
23 Pastures 429288 478 | 424526 473 | 408849 4.56
24 Heterogeneous agricultural areas 534932 5.96 516890 576 | 476755 5.32
31 Forests 2854690 31.81 | 2886798 32.17 | 2974220  33.17
32 Shrub and/or herbaceous vegetation 1182921 13.18 | 1163870 12.97 | 1116595  12.45
33 Open spaces with little or no vegetation 387185 4.31 382557 4.26 | 372086 4.15
41 Inland wetlands 196828 219 | 187576 2.09 | 162235 1.81
42 Maritime wetlands 14362 0.16 14230 0.16 13892 0.15
51 Inland waters 241430 2.69 | 233563 2.60 | 221439 2.47
52 Marine waters 8891 0.10 8859 0.10 8932 0.10

Total 8975194 100 | 8972960 100 | 8967200 100

ALARM classes 100m? Yo 500m? % 1km? %

Urban 194483 217 | 180838  2.02 | 149642  1.67

Agriculture 3465116  38.61 | 3504244 39.05 | 3592488 40.06

Grassland 429288 478 | 419116  4.67 | 392523  4.38

Forest 2854690 31.81 | 2876383 32.06 | 2932610 32.70

Surplus land 1394111 15.53 | 1368237 15.25 | 1300279 14.50

Other fixed land cover | 637506  7.10 | 624396  6.96 | 600658  6.70

Total 8975194 100 | 8973215 100 | 8968200 100

HISLU classes 100m? % 500m? % 1km? %

Urban 194483 217 | 180827  2.02 | 149620  1.67

Arable land 3465116 38.61 | 3504936  39.06 | 3595102  40.09

Grassland 717216 7.99 | 698470  7.78 | 643819  7.18

Forest 2854690 31.81 | 2876751 32.06 | 2935273 32.73

Non-agricultural land | 1493368 16.64 | 1470659 16.39 | 1416475 15.79

Inland water 241430  2.69 | 232789 259 | 219111 244

Sea 8891  0.10 8825  0.10 8786 0.10

Total 8975194 100 | 8973257 100 | 8968186 100




Annex X. Land cover changes for the thematic aggfiegs (CLC-level 3 (Annex Xa), CLC-level 2 (Anngk), ALARM (Annex Xc) and
HISLU60 (Annex Xd)) for 100rf) 500nf and 1k spatial resolutions (area in Km

Annex Xa.
1990 2000  change 1990 2000  change 1990 2000  change
CLC
code CLC nomenclature 100m? 500m? 1km?
1.1.1 Continuous urban fabric 5690 5879 189 5522 5718 196 4630 4837 207
1.1.2 Discontinuous urban fabric 146396 150723 4326 140056 144567 4512 121729 126456 4727
1.2.1 Industrial and commercial units 18715 21230 2515 17160 19618 2458 12561 14679 2118
Road and rail networks and
1.2.2 associated land 1589 1933 344 983 1167 184 364 439 75
1.2.3 Port areas 987 1027 40 935 977 43 784 821 37
1.2.4 Airports 2876 2923 47 2847 2899 52 2702 2764 62
1.3.1 Mineral extraction sites 5697 6242 545 5386 5914 528 3991 4291 300
1.3.2 Dump sites 1101 1093 -8 1069 1064 -5 853 860 7
1.3.3 Construction sites 1143 1299 156 941 1030 89 659 592 -67
1.4.1 Green urban areas 3019 3050 31 2590 2599 9 1639 1631 -8
1.4.2 Port and leisure facilities 7270 8141 871 6786 7639 853 4749 5427 678
211 Non-itrigated arable land 2786951 2777293 9658 2835054 2825114 -9941 2950045 2940069 -9976
2.1.2 Permanently irrigated land 32954 35989 3035 33186 36224 3038 33141 36276 3135
2.1.3 Rice fields 5922 5872 -50 5970 5911 -59 6055 5965 -90
2.2.1 Vineyards 39574 39398 -176 39982 39820 -162 39710 39582 -128
222 Fruit trees and berry plantation 25327 25404 77 25254 25365 111 24055 24229 174
2.2.3 Olive groves 39455 39964 508 40017 40562 546 40745 41443 698
2.3.1 Pastures 429288 427840 -1448 428154 426812 -1342 421162 420303 -859
Annual cops associated with
241 permanent crops 10250 9898 -353 10291 9934 -358 10270 9943 -327
24.2 Complex cultivation patterns 272389 272039 -350 268818 268564 -255 257270 257096 -174
Land principally occupied by
agriculture with significant natural
24.3 vegetation 220838 219845 -993 204944 204031 913 168215 167313 -902

53



2.4.4 Agro-forestry areas 31454 31888 434 31718 32174 456 32429 32875 446
3.1.1 Broad-leaved forest 885532 888219 2687 886273 889123 2849 890467 893619 3152
3.1.2 Coniferous forest 1277539 1275517 -2022 1297112 1294857 22255 1346407 1343726 -2681
3.1.3 Mixed forest 691619 691295 -324 687758 687431 -327 679161 678633 -528
3.2.1 Natural grasslands 287928 285698 -2230 280298 278123 -2175 256045 253945 -2100
322 Moorts and heath lands 203431 202243 -1188 205229 204025 -1205 210609 209294 -1315
3.2.3 Sclerophyllous vegetation 100017 98448 -1569 100189 98625 -1564 101392 99833 -1559
3.2.4 Transitional woodland-scrub 591544 596695 5151 578220 583474 5254 550264 555685 5421
33.1 Beaches, sand, dunes 3850 3795 -55 2809 2751 -58 1810 1761 -49
33.2 Bare rocks 82715 82777 62 82268 82336 68 81706 81814 108
3.3.3 Sparsely vegetated areas 280206 280189 -16 277044 277038 -6 268696 268715 19
3.3.4 Burnt areas 3219 2848 -370 3145 2782 -363 2830 2456 -374
3.3.5 Glaciers and perpetual snow 17195 17088 -107 17091 16986 -105 16734 16618 -116
411 Inland marshes 116082 116058 -23 112788 112751 -37 103339 103332 -7
4.1.2 Peat bogs 80746 79693 -1053 76991 75932 -1059 69917 68907 -1010
421 Salt marshes 3121 3115 -5 3024 3019 -4 2710 2704 -6
422 Salines 742 757 15 739 756 17 783 797 14
4.2.3 Intertidal flats 10500 10408 -92 10429 10336 93 10288 10201 -87
5.1.1 Water courses 11071 11080 9 7446 7460 14 5299 5316 17
5.1.2 Water bodies 230359 231335 976 227287 228208 921 220771 221654 883
5.2.1 Coastal lagoons 5639 5635 -4 5675 5672 -3 5791 5783 -8
52.2 Estuaries 3252 3249 -3 3204 3203 -1 3222 3215 -7
523 Sea and ocean

Total 8975194 8975113 8973174 8973086 8965999 8965899
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Annex Xb.

1990 2000  changes 1990 2000  changes 1990 2000  changes
CLC
code CLC level2 classes 100m? 500m? 1km?
11 Urban fabric 152086 156601 4515 144549 149228 4679 123434 128280 4846
12 Industrial, commercial and transport units 24167 27113 2946 21906 24641 2735 16472 18780 2308
13 Mine, dump and construction site 7941 8635 694 7321 7919 598 5265 5494 229
14 Artificial, non-agricultural are 10289 11191 902 9325 10186 861 6253 6907 654
21 Arable land 2825828 2819154 -6674 | 2866140 2859273 -6866 | 2957570 2950905 -6665
22 Permanent crops 104356 104766 410 104852 105350 498 103203 103963 760
23 Pastures 429288 427840 -1448 424526 423163 -1364 408849 407925 -924
24 Heterogenous agricultural areas 534932 533670 -1262 516890 515867 -1023 476755 475911 -844
31 Forests 2854690 2855031 341 | 2886798 2887205 406 | 2974220 2974722 502
32 Shrub and/or herbaceous vegetation 1182921 1183084 164 | 1163870 1163968 98 | 1116595 1116291 -304
33 Open spaces with little or no vegetation 387185 386698 -487 382557 382096 -461 372086 371670 -416
41 Inland wetlands 196828 195751 -1076 187576 186482 -1094 162235 161211 -1024
42 Maritime wetlands 14362 14279 -83 14230 14147 -83 13892 13821 -71
51 Inland waters 241430 242415 985 233563 234494 931 221439 222298 859
52 Marine waters 8891 8884 -7 8859 8855 -4 8932 8920 -12
Total 8975194 8975113 8972960 8972871 8967200 8967098
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Annex Xc.

ALARM classes 1990 2000 changes 1990 2000 changes 1990 2000 changes
100m? 500m? 1000m?
Urban 194483 203540 9057 180838 189824 8986 149642 157921 8279
Agriculture 3465116 3457590 -7526 | 3504244 3496685 -7559 | 3592488 3585409 -7079
Grassland 429288 427840 -1448 | 419116 417781 -1335 | 392523 391400 -1123
Forest 2854690 2855031 341 | 2876383 2876808 425 | 2932610 2933370 760
Surplus land 1394111 1393115 -996 | 1368237 1367191 -1047 | 1300279 1298946 -1333
Other fixed land cover 637506 637996 491 624396 624839 443 | 600658 601054 396
Total 8975194 8975113 8973215 8973128 8968200 8968100
Annex Xd.
HISLU classes 1990 2000 changes 1990 2000 changes 1990 2000 changes
100m? 500m? 1000m?

Urban 194483 203540 9057 180827 189817 8990 149620 157924 8304
Arable land 3465116 3457590 7526 3504936 3497343 -7593 3595102 3587947 -7155
Grass land 717216 713538 -3678 698470 694959 -3511 643819 640629 -3190
Forest 2854690 2855031 341 2876751 2877166 415 2935273 2935987 714
Non-agricultural land 1493368 1494115 747 1470659 1471360 701 1416475 1416887 412
Inland waters 241430 242415 985 232789 233704 915 219111 219956 845
Sea 8891 8884 -7 8825 8820 -5 8786 8769 -17
Total 8975194 8975113 8973257 8973168 8968186 8968099
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