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1 Introduction
The Coordination of Information on the Environment (CORINE) Programme was proposed in 1985
by the European Commission and aimed at gathering information relating to the environment on
certain priority topics for the European Union (Land cover, Coastal Erosion, Biotopes etc). The
Land cover component of the CORINE programme (CLC) contains geographical information on
biophysical land cover1,2.
The first version of CLC was produced starting in the late 1980's (CLC1990) and it was completed
in 1990's.
In order to update the CLC data European Environment Agency (EEA) and Joint Research Centre
(JRC) launched the IMAGE2000 and CLC2000 project (I&CLC2000). The satellite image "snap
shot" of the EU territory (IMAGE2000) was the basic material to undertake the update of CLC
database for the year 2000(CLC2000) and identify main LC changes in Europe during the period
1990-2000. (http://terrestrial.eionet.eu.int/CLC2000/). Since Finland did not participate to
CLC1990 project, a new CLC2000 databases were produced including the European standard
CLC2000 database and more detailed information for national use.
Year 2005 EEA management board decided to update CORINE land cover data and produce also
high-resolution land cover data as part of the implementation of the GMES fast track service on
land monitoring. This GMES land monitoring core service includes the following products5 :
Product
1. ortho-rectified images for the reference
year 2006 (+/- 1 year)
2. European mosaic based on orthorectified satellite imagery
3. Corine land cover changes 2000-2006
4. Corine land cover map 2006 (referred as
CLC2006)
5. High-resolution land cover data for
build-up areas (degree of soil sealing
2006)
6. High-resolution land cover data for
forest areas, 2006

Producer
DG JRC
DG JRC
member states
member states
Consortium lead by Infoterra GmbH, Germany

DG JRC

The main objective of the 2006 Corine Land Cover update was the mapping of land cover changes
between 2000 and 2006 (product 3). All changes above 5 ha were to be mapped, irrespective of
their location and whether they might show in the 2006 integrated version (product 4).

1.1 Overview of data production of CORINE land cover in Finland
Production of the CLC2000 database of Finland was based on automated interpretation of satellite
images and data integration with existing digital map data. Map data provided the information
describing land use and soils in Finland. Satellite images were used in estimation of continuous
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variables describing vegetation type and coverage, as well as in updating map data. Continuous land
cover variables were transformed into discrete CLC classes using thresholds of these variables
according to class descriptions in CLC nomenclature (see Figure 1). See also the final technical
report on CLC2000 in Finland6.
IMAGE2000

Digital map databases

Preprocessing of Satellite Data
-detection of clouds
-atmospheric, topographic correction
-mosaicing

Preprocessing of Map Data
-rasterizing, mosaicing, reclassification etc

Interpretation of Satellite Data
-automated
-semi-automated and visual
Crown
cover

Tree
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Tree
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Vegetation
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Updated Land
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Soil
data

Data Integration
Finnish CLC25m (25 m raster)
Generalisation
Conversion from raster to vector

National CLC2000 (mmu 25 ha)

Figure 1. production flow of CLC2000 in Finland
The same approach which was applied in CLC2000 project was repeated in CLC2006 project in
order to produce land use and cover of Finland year 200621. Automated interpretation of satellite
images and data integration with existing digital map data were applied. Additionally, specific
classes were interpreted manually with the aid of IMAGE2006 and ancillary data. In order to detect
changes between 2000 and 2006 two approaches were combined: 1) the differences between high
resolution land cover data sets 2000 and 2006 were evaluated together with the 2) changes detected
using satellite data only i.e. IMAGE2000 and IMAGE2006 (see figure 2).
Land cover data and changes were produced in the original resolution of satellite data . This
enables production also more detailed information for national use. This was necessary to get
national funding for the work and access to the national LC databases. The national version of land
cover changes and land cover 2006 will be completed after EU data is delivered.
An automated generalization procedure from pixel based changes into polygons with mmu of 5
hectares was developed and applied.
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Figure 2. Production of Finnish CORINE land cover 2006 and changes 2000 – 2006.

2 Organization of work in Finland
2.1 Milestones
March 2007
September 2007
April 2008
June 2009
October 2009
November 2009

Grant agreement between EEA and Finnish Environment Institute signed
IMAGE2009 available covering Finland
combined training and verification mission by TT
verification mission by TT
Delivery of data sets
final report

2.2 National project team
Finnish Environment Institute (SYKE) was responsible for the production of CLC2006 databases
in Finland. This includes the project management, preprocessing and interpretation of satellite
images, purchasing and processing of needed digital map data, data fusion, change detection ,
generalization and vectorization.
National team at SYKE:
 Pekka Härmä, Elise Järvenpää, Minna Kallio, Riitta Teiniranta, Markus Törmä, Suvi Hatunen –
data production
 Tapani Säynätkari – contacts between EEA and Finland
 Rauni Paronen - administration
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Finnish Forest Research Institute (Metla) was a partner in the project. Metla provided forest
information and participated in the preprocessing of satellite data. Metla is responsible for National
Forest Inventory (NFI) in Finland.
Project team
Erkki Tomppo, Matti Katila, Kai Mäkisara, Markus Haakana, Jouni Peräsaari
Additional data providers:
 National Land survey
 Ministry Of Agriculture and Forestry/Agency for Rural Affairs
 Population Register Centre

2.3 Funding
The total costs of the work completed in Finnish Environment Institute was about 530 000 € and it
was funded by Finnish Environment Institute (72 %), EEA (17 %) and Ministry of Environment (11
%). Estimation of forest parameters at Finnish Forest Research Institute required working time of
12 months and it was funded by Finnish Forest Research Institute and Ministry of Agriculture and
forestry.
Additionally EU provided the satellite data needed for the land cover update i.e. multitemporal
coverage of SPOT/IRS images over Finland (IMAGE2006).

3 Input data for CLC2006
3.1 Land use/Land cover information in existing datasets
Several databases were collected and used in the mapping of CLC over Finland. These data sets
were either used in the production process as input data or as ancillary data in the quality control
procedures.
IMAGE2000 - IMAGE2000 over Finland consists of 33 orthorectified LANDSAT 7 ETM+ FULL
scenes. Proprocessing of images at SYKE included manual detection of clouds, athmosheric
correction, topographic correction in northernmost Finland and mosaicing6.
CORINE2000 – Both EU (mmu 25 ha) and national (25 meter raster) version of CORINE2000
land cover data were utilized. Additionally separated land cover layers, which were intermediate
products in the generation of CLC2000 data sets were used, these includes for example tree height
(meters) and crown cover ( %)
The Finnish Land Parcel Identification System (FLPIS) is a part of an Integrated Administration
and Control System (IACS) and it covers the whole area of Finland. FLPIS consists of location
information of all farmsteads and land parcels of farmers that have applied for area based subsidies
since 1995. In addition to this FLPIS includes app. 15 000 land parcels which are out of subsidies
(viite). Boundaries of agricultural parcels are manually digitised using orthophotos. Attribute data
of FLPIS includes identification number of land parcels and area. Land Parcel data is updated
annually by farmers. The Farm Register contains information of the number of farms, agricultural
areas, land use types of land parcels, arable land, number of livestock and production lines. This
data can be linked to the spatial data of FLPIS. These databases are owned by the Agency for Rural
6

Affairs and administrator is The Information Centre of the Ministry of Agriculture and Forestry.
Databases are updated on annual basis.
Topographic database: The Topographical database is comparable to maps on scale 1:5 000
1:10000. Following themes were utilized in the production of CLC2000: Waters, Peatland, Silting
water areas, flooded areas and rushes, and Rocks. Rasterized version (BasicCD 2006+) was used in
the visual verification of CLC2006 products. The the database 2006 covered the whole of Finland
i.e. also the northern-most Finland, which was not available when producing CLC2000 data.
Digital elevation model: DEM describes height above sea level and it is used topographic
normalization of satellite images and production of timberline in Northern Finland.
Vegetation zones: Database describes the vegetation subzones and their sections of Finnish boreal
forest vegetation zone. Zones were used to define strata for image interpretation and mosaicking,
and different class definitions and generalization rules.
Land use and Forest classification: Classification was produced in mid 1990's using digital map
data and Landsat satellite images by National Land Survey and Finnish Forest Research Institute.
Soil extraction sites: MOTTO database includes information about different soil extraction types,
the amountof extraction and location of sites. The point database covers the whole of Finland.
MOTTO was used to update mineral extraction sites.
Building and Dwelling Register 2000 and 2006: The building and dwelling register describing the
location and type of buildings was used in updating artificial surfaces in SLICES land use element.
The data covers whole Finland. Point dataset was rasterized to 25 m x 25 m pixel size. In
compliance with the purpose of use of the building the pixels were buffered by either 25, 50 or 75
meters. Raster dataset was classified according to CLC nomenclature.
Agricultural and forestry statistics 2000-2006: Statistics were used in defining amount of land
cover change statistics in Finland.
Biotope maps of Metsähallitus (Forest Service): The basic surveys made by Metsähallitus
(especially in protected sites) was used both as ground truth and validation data in the interpretation
of land cover northern Finland. These information include the most accurate possible basic
information on the areas' natural features (e.g. geology, geomorphology, vegetation, flora and
fauna) and the history of their land use. The information is collected and updated using aerial
ortho-photographs together with field observations.
SLICES land use element 1999 and 2005: The SLICES Land use element is a combination of
different national GIS databases owned and updated by different organizations. In the CLC2006
production the SLICES land use element (25x25m) was utilized mainly in production of artificial
surfaces and agricultural areas and peat production areas.

3.2 IMAGE2006
Finnish IMAGE2006 consists of 80 IRS P6 Liss and 51 Spot 4/5 images. Target year is 2006 (57
IRS + 41 Spot images) but there are some images from years 2005 (21+2) and 2007 (2+8). There
are two image coverages; one summer coverage (47 + 35) and another spring/autumn coverage
(33+16). Most of the images are acquired during year 2006 (57+41) and mostly on July (32+21).
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The orthocorrection of images was performed by Metria Sweden. Images were resampled to 20
meter pixel using cubic convolution interpolation. Correction was successful; the mean residuals of
the average residuals of individual images were 7.9 and 7.8 meters in x- and y-direction. Maximum
average residuals of individual images were 13.4 meters and minimum 2.6 meters. Median value of
number of test control points was 16 points per image, maximum was 28 points per image and
minimum 5 points.
Clouds and their shadows were interpreted visually and masked out. Atmospheric correction was
done using ATCOR2 of Erdas Imagine, because the software used with IMAGE2000 did not work
with Spot and IRS-images. The aim of atmospheric correction was to remove the effects of
atmospheric disturbances and make the corrected images as similar as possible with IMAGE2000
mosaics. There are two variables affecting atmospheric correction that can be changed, visibility
and aerosol model. The target was to compare dense old forests from IMAGE2000 and 2006
images, and fine-tune visibility and aerosol model so that the dense forest reflectance of
IMAGE2006 image would be the same as in IMAGE2000. This approach was challenging probably
due to atmospheric parameters in the applied software and radiometric calibration of satellite
images.
Topographic correction was made is Northern Finland for strata 4c and 4d. The chosen method was
statistical-empirical correction11 where the effect of topographic variations is determined by
computing illumination image using DEM, then computing regression line between image channels
and illumination image and correcting image by subtracting the product of illumination image and
slope of regression line from original image. Ekstrand correction that was used with IMAGE2000
was not made because it requires more work and ATCOR3 did not work due to large images sizes.
Stratumwise mosaics were made as in the case of IMAGE2000. Histogram matching was used to
fine-tune pixel values, because there were considerable difference of reflectance values between
overlapping images in some cases. Histogram matching was made using stable areas like large
forests and other natural areas. Areas like agricultural areas, wetlands and water were omitted.
Mosaics were also resampled to 25 m pixel size for change detection.
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Figure 3. IMAGE2006 mosaic (bands 4,3,2) and image areas of individual images

4 Interpretation of land cover for CLC2006
4.1 Estimation of tree variables in forests
The predictions were made for the national land categories forest land, poorly productive forest land
and unproductive forest land using field plot data of the Finnish National Forest Inventory and
IMAGE2006. These three land categories together with forestry roads compose what is called
forestry land. The national forestry land belongs to CLC level 1 classes forest & seminatural areas
and wetlands. The employed data and method are described briefly.
Interpretation of land cover in forests was completed in Finnish Forest Research Institute and
included prediction of three variables at pixel level:
 the actual canopy cover of the trees (%),
 the canopy cover of the broad-leaved trees (%)
 mean height of the trees (dm),
The field data (training data) for the pixel level prediction of the variables consist of the field plots
of the 10th National Forest Inventory of Finland (NFI10) measured during 2004-2007, and in the
9

very northernmost Finland NFI9 field plot data measured in 2003. The total number of the plots on
the forest land, poorly productive forest land and unproductive forest land, and employed in
prediction was about 45 000.
Image data was Finnish IMAGE2006. The major changes, like regeneration cutting and significant
damages (e.g., storm damages) between the field measurement date and image acquisition date were
identified as thoroughly as possible. Those field observations with identified major changes were
removed from the training data. Similar major changes in the field data after the image acquisition
until the field measurements were identified using the cutting information on the field plots if the
field measurements were carried out significantly after the imaging (e.g., image was from 2006 and
the field measurements from 2007). The plots with these types of changes were also removed from
the training data.
The predictions were calculated for the entire area of the country, independently of the land use and
land cover class. The purpose was to guarantee that the predictions were made for all pixels outside
of forestry land minus forest roads. The employed method is similar to that in use in the operative
multi-source forest inventory of Finland and is called improved k-NN prediction. It is a version of
non-parametric k-NN method12,13,14. The k-NN method mimics the normal estimation procedures
used in forest inventories and, in principle, makes it possible to calculate all kinds of estimates. In
this method field plot weights, also called plot expansion factors, are calculated. These plot weights
are sums of satellite image pixel weights over the forest land mask pixels. The pixel weights wi , p
are calculated by the k-NN estimation method that uses the distance metric d, defined in the feature
space of the satellite image data:
1
1
, if and only if i  {i1 ( p),  , i k ( p)}

d tpi , p j{i1 ( p ),,ik ( p )} d tp j , p
 0 otherwise.

wi , p 

(1)

Here, i is an arbitrary field plot belonging to forestry land, p is an arbitrary pixel, pj the pixel
corresponding field plot j, and {i1 ( p),, ik ( p)} the set of the nearest plots in the feature space when
using distance metric (Eq. 2). The power t is a real number, usually t  0,2 . The value of t and its
effect on the pixel level errors of the estimates have been studied, by among others, Franco-Lopez
et al.15 and Katila and Tomppo17. The distance metric d, used in practical applications, most often is
the Euclidean distance or a weighted Euclidean distance, or a function of those.
Tomppo and Halme12 employed the large-scale variation of forest variables, in addition to satellite
image data in the distance metric. The purpose was to direct the selection of the nearest neighbors,
on the average, to forests similar to the target pixel. A pixel dependent maximum horizontal
geographical distance and a moving window were applied in early applications to select the field
plots used in predicting the variables for each pixel16. The distance metric in this improved k-NN
method (called ik-NN) is:
nf

ng

d p2 j , p   l , f ( f l , p j  f l , p ) 2   l , g ( g l , p j  g l , p ) 2
2

l 1

2

(2)

l 1

where f is a vector of image variables, nf is the number of image variables, g is a vector of largearea forest variables, ng is the number of large area forest variables, p is the target pixel and pj a
field plot pixel, and  the given weights vector of the variables. The weights  are computed using
optimization based on a genetic algorithm12. A function of biases and root mean square errors were
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employed and minimized with respect to . A similar method was employed here. The pixel level
prediction, m̂ p , of variable M for pixel p is the weighted average of the values of M on the k nearest
field plots when the distance is measured by means of metric (Eq. 2), i.e.,
mˆ p  
iF

wi , p mi ,

(3).

Estimation units i.e. singe satellite images or set of images received in the same satellite overpass
were mosaiced together in order get nationwide data layers describing forest cover over Finland.
Continuous land cover variables were classified into discrete CLC classes by thresholding and
combining these variables according to class descriptions in CLC nomenclature.
However in Northern boreal zone in Finland modified definitions for forest classes were applied.
Forested areas with crown coverage of 15-30% (tree height > 5 meters) were included into forest
classes. If standard CLC rules (cc > 30%) would have been used in northern Finland, a large
number of sparse forests due to poor natural circumstances would have been omitted. Modification
of the threshold value for crown cover was possible since crown cover was interpreted as a
continuous variable.
The validation was conducted during the prediction phase using one-leave-out procedure and
comparing the pixel level predictions, as well as comparing area estimates to those based on field
plot data only.

4.2 Estimation of land cover in northernmost Finland
In the northernmost Finland and especially in the mountaneous areas the density and characteristics
of vegetation is regulated by natural factors. In these areas (above tree line) forest variables only do
not describe the land cover as defined in CLC nomenclature. Thus information also on ground
vegetation and soils are needed in order to define CLC class. These data were interpreted using
decision tree approach with the aid of IMAGE2006, biotope maps and national GIS data.
Decision trees are classification systems that form classification rules employing a top-down,
divide-and-conquer strategy that partitions the given set of objects into smaller and smaller subsets
in step with the growth of the tree. Decision tree classifier used in this study was See5 by
RuleQuest24. One of the benefits of this kind of classifier is that variables can be continuous like
satellite images or estimation results, or categorical like map layers or previous classification
results.
Following features were used in classification experiments:
 Image channels: Atmospherically and topographically corrected image channels.
 Normalized Difference Indices of image channels: Six NDIs computed as ( ChA – ChB ) / (
ChA + ChB ).
 MODIS NDVI: number of weeks the long-term MODIS NDVI is greater than 0.5 per year.
 DEM: Height from sea level, surface slope and aspect class.
 Forest variable estimates: tree height, crown cover and crown cover of deciduous trees.
 Soil: proportion of bogs, open rock, boulders and sand per hectare.
 Forest boundary mask.
Classifications were made using individual images.
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4.3 Visual and semi-automatic interpretation of specific classes
Certain classes needed for CLC2006 update could not be retrieved from existing digital map data or
interpreted using automatic methods. These elements were produced manually by digitizing on
screen with the aid of IMAGE2006, orthophotos, topographic maps and registers. This included
large construction sites, golf courses, trotting-tracks, motor vehicle tracks, airports, harbors and
dump sites.
The geometry of input digital map data does not always correspond with the situation visible in
IMAGE2006. This is partly due to the mismatch of dates in IMAGE2006, IMAGE2000 and
national data sets. Image data are received during 3-4 years, but the national data sets are extracted
from data providers in the nominal year of CLC inventories i.e. 2000 and 2006. Temporal mismatch
of even 2 years exists. This lead to the need to modification of specific elements of national data
sets using semi-automatic methods together with image data. The areal extent of certain build-up
areas like industrial and commercial units and mineral extraction sites were delineated by
combining automatically derived bare land mask with registers. Bare ground was estimated by
density slicing of NDVI mosaic based on IMAGE2006. Significant extensions of mineral extraction
sites are also verified visually on screen.
Also peat production areas were updated by combinig visual interpretation of IMAGE2006 with
2005/06/07 versions of SLICES and Topographic databases.

5 Change detection
If change detection is performed according to the specifications of EEA, changes in land cover
should be based on visual image comparison using satellite images from years 2000 and 2006.
Finnish approach is different (figure 2). The major part of changes are defined by combining the
areal extent of detected changes in image-to-image comparison and the thematic content of land
cover changes in CLC2000 and CLC2006 classifications. Some specific changes, in artificial
surfaces, arable lands and regrowth in forests, are based directly to these classifications, since they
are difficult to detect using image-2-image comparison.
Due to large number of images needed in image-to-image comparison applied change detection
method needs to be fast and as automatic as possible. Simple image differencing using Red and
NIR-channels was used. Pixel was defined as changed if the difference between images was larger
that two times the standard deviation of differences. Red channel was used because it is sensitive to
changes in the biomass of coniferous vegetation and NIR is sensitive to chlorophyll content.
Difference images provide also information about the type of change i.e. loss or increase of
vegetation cover.
Since IMAGE2006 were resampled to 20 m pixel size and IMAGE2000 25 m, the IMAGE2006
mosaics were resampled to 25 m pixel using cubic convolution interpolation method. In case of
mismatch between images, IMAGE2006 image was georeferenced using Erdas Imagine Autosync
and IMAGE2000 mosaic as base image. This was necessary since geometrical mismatch of images
causes false changes in automatic procedures.
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Change information based on direct comparison of CLC2000 and CLC2006 classifications includes
also false changes. This is due to the fact that the data collection methods of national data sets is
under constant development. This leads to false changes, which are merely corrections to the
previous data sets. Additionally, the data source and interpretation method of some land cover
themes, like forest information have been changed since 2000. In order to find real changes only a
look-up table is defined, where impossible or highly improbable changes are either directly rejected
or verified. Information based on image-to-image comparison were utilized as much as possible in
cases where the change should be visible in the satellite data.
In forests, where the major part of land cover changes take place in Finland, changes were further
evaluated by comparing forest characteristics in changed areas. This included logical comparison of
tree height and crown cover in 2000 and 2006. Improbable or impossible changes in these variables
were further checked and a correction layer for CLC2000 data was produced.
Regrowth in forests (CLC change 324 > 31x) is especially problematic to delineate, since regrowth
is a slow process and difficult to detect using satellite data only. Silvicultural measures make the
situation even more complex, since especially young forests are managed frequently: cleaning and
thinning of sapling stands, where especially deciduous trees and scrubs are removed from young
coniferous forests.
Changes were evaluated for each main land cover category separately (CLC level 1).

6 Correction of CLC2000
While evaluating detected land cover changes between 2000-2006, some changes were regarded as
errors in old land cover data i.e. in CLC2000. These were due to the improvements in input land
cover data and misinterpretations during generation of CLC2000. Additionally, during manual
delineation of specific land cover categories some corrections were done into CLC2000 data. All
corrections were combined into one layer, which was merged with old CLC2000 data into revised
CLC2000 data set.
Improvements in input data included:
 Topographic database, which is maintained by National Land Survey, covers now the whole
of Finland, which was not the case during production of CLC2000. This improved the
delineation of peatbogs and bare rocks in the northernmost Finland.
 The position of buildings has been checked in the building and dwelling database.
 The interpretation of forest variables was completed in the Finnish Forest Research Institute.
The work was completed parallel to the National Forest Inventory, which enabled usage of
o intensive network of in-situ measurements (about 45 000 field sample plots),
o advanced interpretation methods and
o best expertice of Finnish forest for the work.
 Agricultural land parcel database produced by Ministry of agriculture and forestry was
available including information describing geometry and species in agricultural areas. The
active fields in the year 2000 where checked with the data of Finnish Land Parcel
Identification System and Farm Register.
 Some associated dump areas of mines were reclassified from mines (clc2000 131) to dump
sites (clc2006 132)
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7 Production of CLC changes 2000-2006
After combination of image-based changes together with CLC2000 and CLC2006 classifications a
working version of land cover changes was available in raster format with 25 meter resolution.
The very small patches (1-3 pixels) and also the narrow strips were first removed using several
steps of filtering and generalization. Since some changes are invisible in image, certain classes e.g.
forest classes (311, 312, 313) and arable land classes (211, 212 and 231) were grouped in
generalization process. The change polygons were divided by clc2000 polygons to get the clc2000
value, the small polygons were merged into the neighbouring polygons. The small islands (< 1 ha)
were eliminated and change patches over 5 ha were converted to the change database in vector
format with minimum mapping unit of 5 hectares according to CLC2006 technical specifications.
All processing steps are made in ArcInfo and the procedure chain which automatically generates the
change data is defined.

8 Generating CLC Database 2006
In the CLC2006 project the CORINE Land Cover 2006 database was produced using the
automated generalization methods developed in the earlier CLC2000 project6 . Since the automatic
generalization methods were used there were no need to delineate so called 'Technical Changes'polygons.
The first step was to create new corrected version of national CLC2000 data (25m rasterdata). The
mistakes observed in the process of creating new data were taken in to account and the new revised
CLC2000 were created. After that the change polygons of CLC-changes (5 mmu) were rasterized
and combined with revised CLC2000. This working version of CLC2006 (25m rasterdata) was
generalized by the automatic process. See also the final technical report on CLC2000 in Finland6.
The developed methods utilize the following generalization operators.
 Simplification of the input data
 Elimination of narrow linear features (roads, rivers) and single pixels
 Aggregation of the parcels to reach 25 ha inside each level 1 CORINE class
 Amalgamation of remaining small parcels to the most appropriate neighboring area
according to the priority list
 Smoothing the boundaries of the parcels
 Vectorizing the raster database and final checks

9 Quality control
9.1 CLC2006 LC
The technical team (TT) visited Finland twice. The 3rd verification was completed by emails. The
first visit (spring 2008) was a combined training and validation of preliminary results in two pilot
areas3 . TT visited the second time early June 2009 and a sample of Finnish territory was selected
and validated from change data covering whole of Finland4 ). After taking into account as much as
possible the suggestions made by TT, a new subset of data was validated remotely September 2009.
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These data were accepted by TT and the final version of CLC data was delivered mid October
20093,4 .
CLC changes were compared with national statistics. Finnish Forest Research Institute (METLA)
collects and publishes statistics describing completed forest management practices on annual basis
for different parts of Finland separately (The Finnish Regional Forestry Network of 13 Forestry
Centres). Collected data includes forest cuttings of different type (clear cuttings, thinnings etc). The
total area and regional distribution of forest cuttings according to statistics were compared with
detected forest cuttings (CLC change 3.1.x > 3.2.4) in CLC2006 (see table x). The large minimum
mapping unit (5 & 25 ha ) defined in CLC data specifications makes it difficult to compare national
statistics with CLC results. The correspondence of detected forest cuttings in CLC2006 with
statistics depends on the level of generalization. Since the average size of forest management unit
varies between 1-3 hectares in different parts of Finland, change data with minimum 5 ha
underestimates the amount of changes. Since forest changes were first detected in the resolution of
satellite data i.e. 25 meter raster, it was possible to generalize forest changes during the production
process with different mmu's (1ha, 3.7ha and 5 ha tested). Forest change data with mmu of 1 hectar
seems corresponds well with national statistics (underestimation by 3.1%), see Figure 4.

Figure 4. Forest changes in Finland according to national statistics (cuttings) and CLC2006 project
(cuttings and re-growth) in different level of generalization.

9.2 High resolution layers
In the terms of reference of CLC2006 project every NRC was expected to participate in the
verification of the high resolution data. The HR Urban data was delivered to SYKE June 2008 and
the validation was completed by SYKE July 2008.
Soil sealing layer is a high resolution land cover dataset of European built-up areas for the year
2006, which is produced in the frame of GMES land monitoring fast track service precursor. It is
done by a consortium of European service providers under contract with EEA. It is based on the
15

classification of the IMAGE2006 satellite data and it presents built-up areas by a degree of soil
sealing between 1 and 100% with the spatial resolution of 20m.
The objective of the work was to verify the soil sealing layer by estimating the classification
accuracy of built-up and non-built-up areas. This was done by using a reference data, which was
formed by combining together Finnish building database, Finnish road network, Corine 2000 data
and NDVI index of year 2006.
The validation consisted of both qualitative and quantitative estimation which were done based on
100 x 100m grid. Both datasets were divided into built-up and non-built-up areas by using three
different sealing level thresholds to define urban areas: 25%, 50% and 80% of cell area. Thematic
built-up and non-built-up classes were evaluated with each threshold and the percentage of correct
and incorrect classified pixels was calculated.
The qualitative evaluation showed, that the soil sealing data was able to capture correctly large nonurban areas whereas it was strongly underestimating the coverage of urban areas even with the
lowest thresholds. Commission error varied between 21% and 52% whereas omission error was as
high as 69%-78%. The same result could be noticed in visual interpretation (Figure 5). Substantial
underestimation was noticed especially in residential areas whereas large industrial areas, port areas
and city centers were captured well. The threshold had a substantial impact on the validation results
and the visual analysis showed that recommended 80% threshold is not very applicable in the case
of Finland. Finnish settlement structure is very scattered and only the largest urban areas were
captured by using 80% threshold and the threshold of 25% would be more recommendable.
Soil sealing %
The soil sealing layer
0 - 24
25 - 49
50 - 79
80 - 100
The reference data
0 - 24
25 - 49

0

100 200 Meters

0

100 200 Meters

$

50 - 79
80- 100

Figure 5. Urban areas classified by the soil sealing layer and the reference data with three
different thresholds compared to a topographic base map.
Presently an enhanced version of sealing layer is under production. The work is done by the same
consortion who completed the first version.
High resolution forest layer is not yet available over Finland.
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10 Results

Figure 6. Corine land cover map 2006 over Finland
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The majority of Finnish landscape is covered by forests (see figure 6.). Most of the changes in
Finland are due to forest management: forest cuttings and regrowth make 91 % of all changes.
Enlargement of build-up areas covers only 1 % of changes, while clearing of new agricultural land
makes almost 7 %. The total area of CLC changes is 7036 km2, about 2.1 % of Finnish territory
(see table 1.).
CHANGE
312-324
324-312
324-313
313-324
412-211
324-311
324-211
312-211
313-211
324-412
311-211
312-412
312-131
311-324
312-112
312-142
211-142
324-131
211-112
324-112
313-112
313-412
312-133
324-142
211-324
231-324
133-124
312-121
313-133

area km2
3243,4
1439,2
1270,4
252,1
198,9
164,2
124,5
71,4
61,5
24,9
14,9
13,8
11,6
10,5
10,1
9,1
9,0
8,4
8,0
7,6
6,9
5,9
5,3
5,2
5,1
4,7
4,7
4,2
3,3

count
34730
14677
13127
4157
941
1990
1547
957
711
176
256
116
161
185
119
57
38
121
110
105
81
50
45
38
96
72
1
45
33

Table 1. The total area and count of the most common change types in Finland.
Figure 7 shows that changes outside forests and semi-natural surfaces are mainly due to clearance
of new agricultural areas and increase of artificial surfaces. A significant portion of new agricultural
areas are established in old peat production areas.
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Figure 7. CLC-changes outside level-1 category 3 (forest and seminatural surfaces)

11 Problems encountered
Acquisition of a cloudfree multitemporal (spring and summer) HR satellite data coverage over
Finland every 3 years is challenging with present instruments: Acquisition of IMAGE2000 data
(mid-summer coverage only) took 4 years (1999-2002) and acquisition of IMAGE2006 took 3
years. In IMAGE2006 mid-summer coverage there are missing data or cloudy areas covering 4.5 %
of the total land area of Finland. In the spring coverage the corresponding figure is even 13.5 %.
Additionally some spring images are received in the snow-covered period. The delivery of satellite
data was delayed, since the first set of images was in false map projection and images needed to be
re-rectified into requested Finnish national coordinate grid.
In order to detect real changes in image based change detection, IMAGE2006 satellite images were
first radiometrically calibrated and athmospheric effects reduced. Applied method was challenging
due to problems either in the radiometric calibration coefficients of satellite data or uncompatibility
of athmospehic correction method in Finnish conditions.
The Finnish method in CLC data production is based on combined usage of satellite data and
existing national land cover data sets. The dates of national data and satellite images are different
since national data sets are extracted from databases in the nominal year of CLC mappings and
images are received within 3 years around these nominal years. This leads to the need to extra
modification of specific elements of national data sets using semi-automatic methods together with
image data, which working phase produces significant costs.
The validation CLC changes by TT is based on visual interpretation of satellite data together with
ancillary map data. Acceptance of Land cover changes which cause only a minor visible change
into multitemporal satellite data is problematic, which may lead to bias in change statistics. Wellvisible changes like forest cuttings and clearance of new agricultural areas will be well mapped and
accepted, while gradual processes like forest regrowth and forestation of abandoned agricultural
areas can be underestimated. Since these gradual changes are often spatially unhomogenous and
scattered, they are more ofter generalized away from the database compared to spatially
homogenous changes in automated procedures. Thus also a quantitative validation of CLC changes
is needed.
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The production and updates of European land cover data is now based on projects launched and
partially funded by EEA. Since also national funding and resources are requested, project-based
organization of operational land monitoring is problematic. National commitment and organization
of work takes time and causes delays in the data production. In the future agreements between EU
and member states should be discussed and agreed on country level is order guarantee both national
and EU resources and national organization of work (cooperation) on long term basis.
If data production of European land cover is based on coordinated and long term programme, data
needs of EU can be also taken into account in national monitoring programmes. All this would
enable faster production of data and availability of national expertise and data sources, which
guarantees also high data quality and national usage of produced data.
The technical quidelines of CORINE land cover are build for manual production of land cover data.
In many cases these quidelines are difficult to adopt in automated data production chain. However,
many counties are using more automated or semi-automated data production. This could be taken
into account in the quidelines, for example in the nomenclature, generalization rules etc.
Experiences of data providers with more or less similar approach in the production could be
collected and shared.
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Version of the metadata standard
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Position name

8.376
8.375
8.377

Role

8.379

Address: Delivery point
Address: City
Address: State, Province
Address: Postal code
Address: Country
Address: E-mail

8.378.381
8.378.382
8.378.383
8.378.384
8.378.385
8.378.386

15.24.360
15.24.361
15.EEABri
efAbstract
15.25

Basic information required to
identify the dataset
Title of the dataset
Alternative titles of the dataset
Brief abstract explaining in short
the content of the dataset
An abstract explaining the content
of the dataset

1
1
Finnish Environment Insitute (SYKE)
Mr. Pekka Härmä
Project leader

1
1
1
1

P.O.Box 140
Helsinki
FI-00250
Finland
Pekka.harma@ymparisto.fi

1
1
1
1
1
1

20091030

1

EEA-MSGI/ISO19115 (First Edition)

1

EEA-MSGI 1.1

1
1

CHA06_FI
Corine Land Cover Change Data 2000-2006 Finland
CORINE Land Cover change dataset for period 2000-2006

1
N
1

The CORINE Land Cover Map is produced jointly by the
European Commission and the Member States. The dataset
describes the changes in Land cover for period 2000-2006.
MMU is 5 ha.

1

Keywords

15.33.53

Topic category

15.41

Dataset version
Reference date

15.24.363
15.24.362.
394

Reference
system
Name
Datum

13.196.207
Name

13.192.207

Name
Semi-major axis

13.191.207
13.193.202

Axis units
Flattening ratio

13.193.203
13.193.204

Name
Zone
Standard parallel

13.190.207
13.194.216
13.194.217

Longitude Of Central
Meridian

13.194.218

Latitude of projection origin

13.194.219

False easting

13.194.220

Ellipsoid

Projection

Keywords helping to classify the
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A predefined ISO category, see
code list 2 underneath
Version of the dataset
Date of last modification to the
dataset (YYYYMMDD)
Definition of the reference system
used for the dataset
Name of reference system
Identity of the datum
Name of datum
Identity of the ellipsoid
Name of ellipsoid
Radius of the equatorial axis of the
ellipsoid
Units of the semi-major axis
Ratio of the difference between the
equatorial and polar radii of the
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Identity of the projection
Name of projection
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the surface of Earth and the plane
or developable surface intersect
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map projection generally used as
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rectangular coordinates for a map
projection
Value added to all “x” values in the
rectangular coordinates for a map
projection. This value frequently is
assigned to eliminate negative
numbers. Expressed in the unit of
measure identified in planar
coordinate units
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CLC, CLC2006, CORINE, geographic, landcover,
environment, vector data, Finland

N

010 (imageryBaseMapsEarthCover)

1

Version 1.0
20091030

1
1
1

Finland_Zone_3
D_KKJ
International 1924
6378388

1
1
1
1
1
1
1
1

Gauss_Gruger

1
1
1
1
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1

0

1

3500000

1

Distribution
informatio
n

False northing

13.194.221

False easting northing units

13.194.222

Scale factor at equator

13.194.223

Longitude of projection
centre
Latitude of projection centre

13.194.224
13.194.225

Owner 1
Organisation name
Individual name

15.29.376
15.29.375

Position name

15.29.377

Role
Address: Delivery point

15.29.379
15.29.378.
389.381
15.29.378.
389.382
15.29.378.
389.383
15.29.378.
389.384
15.29.378.
389.385
15.29.378.
389.386

Address: City
Address: State, Province
Address: Postal code
Address: Country
Address: E-mail

Owner 2
Organisation name

15.29.376

Value added to all “y” values in the
rectangular coordinates for a map
projection. This value frequently is
assigned to eliminate negative
numbers. Expressed in the unit of
measure identified in planar
coordinate units
Units of false northing and false
easting
Ratio between physical distance
and corresponding map distance,
along the equator
Longitude of the point of projection
for azimuthal projections
Latitude of the point of projection
for azimuthal projections

Information about the distributors of
the dataset
Information about the owner
organisation
Name of the owner organisation
Name contact person in the owner
organisation
Position of the contact person in
the owner organisation
Always “Owner” role
Address line for the location
City of the location

0

1

meter

1

1

1

1
1

1
N
Finnish Environment Institute (SYKE)
Pekka Härmä

1
1
1

P.O.Box 140

1
1

Helsinki

1

State, province of the location

1

Postal code of the location

Fi-00251

1

Country of the location

Finland

1

The electronic mail address of the
owner organisation or individual
Information about the distributors of
the dataset
Information about the owner
organisation
Name of the owner organisation

clc@ymparisto.fi

1
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Individual name

15.29.375

Position name

15.29.377

Role
Address: Delivery point

15.29.379
15.29.378.
389.381
15.29.378.
389.382
15.29.378.
389.383
15.29.378.
389.384
15.29.378.
389.385
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Address: Postal code
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15.29.376
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Address: Delivery point

15.29.379
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389.382
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Address: City
Address: State, Province
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with intellectual rights) of the
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Always “Originator” role
Address line for the location

Finnish Environment Institute (SYKE)

P.O.Box 140

1
1

City of the location

Helsinki

1

N

1
1
1

State, province of the location

1

Postal code of the location

Fi-00251
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Finland
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The electronic mail address of the
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Name of the processor organisation
Name contact person in the
processor organisation

clc@ymparisto.fi

1
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Address: Delivery point

15.29.379
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389.381
15.29.378.
389.382
15.29.378.
389.383
15.29.378.
389.384
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385
15.29.378.
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Address: City
Address: State, Province
Address: Postal code
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Distributor
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15.29.377
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15.29.378.
385
15.29.378.
389.386
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389.382

Address: City
Address: State, Province
Address: Postal code
Address: Country
Address: E-mail
Access rights
Type of constraint
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Always “Processor” role
Address line for the location
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City of the location
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State, province of the location
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Postal code of the location

Fi-00251
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Country of the location
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Format name
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Format version
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Methodology description
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Process steps
Description
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Source data reference title

18.81.84.9
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Description
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licence
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ESRI Arc/INFO Export Interchange File [E00]

1
1

1.0
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Finland did not use the standard production methods of CLC
mapping. The data is based in Finland automated
interpretation of satellite data and data integration with
existing national land cover data sources. If change
detection is performed according to the specifications of
EEA, changes in land cover should be based on visual
image comparison using satellite images from years 2000
and 2006. Finnish approach is different. The major part of
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15.42.336.
346

North bound latitude

15.42.336.
347
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Gives a rough value of accuracy of
the dataset; e.g. 2500000 means
dataset has an accuracy suitable
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Geographic accuracy of location,
ground distance as an value in
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Geographic position bounding box
of the dataset
Western-most coordinate of the
limit of the dataset extent,
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Eastern-most coordinate of the limit
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limit of the dataset extent,
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Finnish Environment Insitute (SYKE)
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Finland
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1
1
1
1
1
1
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EEA-MSGI/ISO19115 (First Edition)

1
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N
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Abstract

15.25

An abstract explaining the content
of the dataset

The CORINE Land Cover Map for 2006 is produced jointly
by the European Commission and the Member States and is
an update of a similar map produced for 2000.
CLC2006 is designed to be used at a scale of 1:100,000 and
has a minimum map unit of 25 ha. It records 44 land cover
and land use classes which represent the major surface
types across Europe.
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Keywords

15.33.53
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environment, vector data, Finland

N

Topic category

15.41

010 (imageryBaseMapsEarthCover)

1

Dataset version
Reference date

15.24.363
15.24.362.
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Version of the dataset
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Definition of the reference system
used for the dataset
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Identity of the datum
Name of datum
Identity of the ellipsoid
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Ratio of the difference between the
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the surface of Earth and the plane
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Version 1.0
20091030

1
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Reference
system
Name
Datum
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Name
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Name
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Latitude of projection origin
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Distribution
informatio
n

False easting
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False northing
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Scale factor at equator
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13.194.225

Owner 1
Organisation name
Individual name

15.29.376
15.29.375

Position name

15.29.377
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Address: Delivery point
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15.29.378.
389.382
15.29.378.
389.383
15.29.378.
389.384
15.29.378.
389.385

Address: City
Address: State, Province
Address: Postal code
Address: Country

Value added to all “x” values in the
rectangular coordinates for a map
projection. This value frequently is
assigned to eliminate negative
numbers. Expressed in the unit of
measure identified in planar
coordinate units
Value added to all “y” values in the
rectangular coordinates for a map
projection. This value frequently is
assigned to eliminate negative
numbers. Expressed in the unit of
measure identified in planar
coordinate units
Units of false northing and false
easting
Ratio between physical distance
and corresponding map distance,
along the equator
Longitude of the point of projection
for azimuthal projections
Latitude of the point of projection
for azimuthal projections

Information about the distributors of
the dataset
Information about the owner
organisation
Name of the owner organisation
Name contact person in the owner
organisation
Position of the contact person in
the owner organisation
Always “Owner” role
Address line for the location
City of the location

3500000

1

0

1

meter

1

1

1

1
1

1
N
Finnish Environment Institute (SYKE)
Pekka Härmä

1
1
1

P.O.Box 140

1
1

Helsinki

1

State, province of the location

1

Postal code of the location

Fi-00251

1

Country of the location

Finland

1
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Address: E-mail

15.29.378.
389.386

Organisation name
Individual name

15.29.376
15.29.375

Position name

15.29.377

Role
Address: Delivery point

15.29.379
15.29.378.
389.381
15.29.378.
389.382
15.29.378.
389.383
15.29.378.
389.384
15.29.378.
389.385
15.29.378.
389.386

Owner 2

Address: City
Address: State, Province
Address: Postal code
Address: Country
Address: E-mail
Originator

Organisation name
Individual name

15.29.376
15.29.375

Position name

15.29.377

Role
Address: Delivery point

15.29.379
15.29.378.
389.381
15.29.378.
389.382
15.29.378.
389.383
15.29.378.
389.384
15.29.378.
389.385

Address: City
Address: State, Province
Address: Postal code
Address: Country

The electronic mail address of the
owner organisation or individual
Information about the distributors of
the dataset
Information about the owner
organisation
Name of the owner organisation
Name contact person in the owner
organisation
Position of the contact person in
the owner organisation
Always “Owner” role
Address line for the location

clc@ymparisto.fi

1

City of the location
State, province of the location
Postal code of the location
Country of the location
The electronic mail address of the
owner organisation or individual
Information about intellectual
creator (person and/or organisation
with intellectual rights) of the
dataset
Name of the creating organisation
Name contact person in the
creating organisation
Position of the contact person in
the creating organisation
Always “Originator” role
Address line for the location

Finnish Environment Institute (SYKE)

P.O.Box 140

1
1

City of the location

Helsinki

1

N

1
1
1

State, province of the location

1

Postal code of the location

Fi-00251

1

Country of the location

Finland

1
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Address: E-mail

15.29.378.
389.386

Processor
Organisation name
Individual name

15.29.376
15.29.375

Position name

15.29.377

Role
Address: Delivery point

15.29.379
15.29.378.
389.381
15.29.378.
389.382
15.29.378.
389.383
15.29.378.
389.384
15.29.378.
385
15.29.378.
389.386

Address: City
Address: State, Province
Address: Postal code
Address: Country
Address: E-mail
Distributor
Organisation name
Individual name

15.29.376
15.29.375

Position name

15.29.377

Role
Address: Delivery point

15.29.379
15.29.378.
389.382
15.29.378.
389.383
15.29.378.
389.384
15.29.378.
385
15.29.378.
389.386
15.29.378.
389.382

Address: City
Address: State, Province
Address: Postal code
Address: Country
Address: E-mail
Access rights

The electronic mail address of the
originator/creator organisation or
individual
The technical producer or
processor of the data
Name of the processor organisation
Name contact person in the
processor organisation
Position of the contact person in
the processor organisation
Always “Processor” role
Address line for the location

clc@ymparisto.fi

1

P.O.Box 140

1
1

City of the location

Helsinki

1

N
Finnish Environment Institute (SYKE)

1
1
1

State, province of the location

1

Postal code of the location

Fi-00251

1

Country of the location

Finland

1

The electronic mail address of the
processor organisation or individual
The organisation distributing the
data
Name of the distributor organisation
Name contact person in the
distribution organisation
Position of the contact person in
the distributor organisation
Always “Distributor” role
Address line for the location

clc@ymparisto.fi

1

P.O.Box 140

1
1

City of the location

Helsinki

1

N
Finnish Environment Institute (SYKE)

1
1
1

State, province of the location

1

Postal code of the location

Fi-00251

1

Country of the location

Finland

1

The electronic mail address of the
distributor organisation or individual
Defines access rights for the
dataset

clc@ymparisto.fi

1
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N

Other
dataset
informatio
n

Type of constraint

20.70

Restriction

20.72

Language
Format name

15.39
15.32.285

Format version

15.32.286

Methodology description

18.81.83

Changes

18.EEACh
anges

Process steps
Description

18.81.84.8
7

Source data reference title

18.81.84.9
1.360
18.81.84.9
1.362
18.81.84.8
7

Source data reference date
Description

Source data reference title
Description

Description

18.81.84.9
1.360
18.81.84.8
7
18.81.84.8
7

The type of access right applied to
assure the protection of privacy or
intellectual property, and any
special restriction or limitations on
obtaining the resource. See code
list 1.
Description of the restriction of the
access right.
Other aspects explaining the
dataset
Language used within the dataset
Name of the used exchange format
for the dataset
Version of the used exchange
format for the dataset
General explanation of the data
producer’s knowledge about how
the geometry was
constructed/derived and how the
attribute information being part of
the dataset was generated.
Description of the changes since
last version of the dataset
Information about the event in the
creation process of the dataset
Description of the process step
including related parameters or
tolerance
Name of the resource used in
process step
Date of the resource used in
process step
Description of the process step
including related parameters or
tolerance
Name of the resource used in
process step
Description of the process step
including related parameters or
tolerance
Description of the process step
including related parameters or
tolerance
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licence

1

licence

1

1
EN
ESRI Arc/INFO Export Interchange File [E00]

1
1

1.0

1

Finland did not use the standard production methods of CLC
mapping. The data is based in Finland automated
interpretation of satellite data and data integration with
existing national land cover data sources. The data is first
produced in raster format with 25 meter resolution. European
products are generated using automated generalization
procedures.

1

1
N
1

N
N

N

Scale

15.38.60.5
7

Geographic accuracy

15.38.61

Geographic box
West bound longitude

15.42.336.
344

East bound longitude

15.42.336.
345

South bound latitude

15.42.336.
346

North bound latitude

15.42.336.
347

Gives a rough value of accuracy of
the dataset; e.g. 2500000 means
dataset has an accuracy suitable
for use at scale 1:2.5 million at best
Geographic accuracy of location,
ground distance as an value in
meters
Geographic position bounding box
of the dataset
Western-most coordinate of the
limit of the dataset extent,
expressed in longitude in decimal
degrees (positive east)

100 000

33.11

1

Eastern-most coordinate of the limit
of the dataset extent, expressed in
longitude in decimal degrees
(positive east)
Southern-most coordinate of the
limit of the dataset extent,
expressed in latitude in decimal
degrees (positive north)
Northern-most coordinate of the
limit of the dataset extent,
expressed in latitude in decimal
degrees (positive north)

15.61

1

59.36

1

70.09

1
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1

1

1

