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Preface

The objective of the project was to combine information from both remote sensing and
forest inventory statistics, and produce a NOAA-AVHRR-based forest map that
corresponds to the official statistics reported at the regional or province level for the 15
EU countries. The statistical data were based on the European forest statistics compiled
by the Statistical Office of the European Communities, EUROSTAT. A reflectance image
mosaic of 49 NOAA-AVHRR images was used as the satellite data. The CORINE Land
Cover database represented ground data. A method ‘pixel-by-pixel ratio scaling’ was
developed to carry out the calibration. The applicability and limitations of the methods are
discussed. A follow-up project is underway to complete the forest map of Europe at the
regional/province level using the methodology described in this report.

The authors would like to express their gratitude to the following people for their help
in preparing the map and the report: Fernando Sedano, Laura Sirro and Janne Sarkeala of
Stora Enso Forest Consulting Ltd.; Saija Miina and Tim Green of EFIl; and Saku Ruusila
and Jouni Halonen of PihkaPojat.

Joensuu, Espoo and Ispra
July 2001
The authors






Executive Summary

Earth Observation data are regarded as a cost-efficient means for locating different types
of vegetation cover at the ground level. Initiatives for mapping forests are implemented at
different levels of detail, scale, using different sources of information and addressing a
variety of target groups. Statistical data on forest area and its distribution for different
forest classes are traditionally available through the national forest inventory statistics and
other national and international forest statistical sources. When comparing satellite-
derived data for forest area and inventory statistics, discrepancies are in the order of tens
of percent at the country level. Often the accuracy of satellite-based maps varies
considerably and in many cases, is not even assessed by the map providers.

This study aimed at combining information from both remote sensing and forest
inventory statistics in order to improve the knowledge on the distribution of forests in
Europe. For each of the EU-15 countries the target was to produce a NOAA-AVHRR-
based forest map which corresponds to the official statistics reported for the regional or
province level.

The input data

The statistical data were based on the European forest statistics compiled by the Statistical
Office of the European Communities, EUROSTAT. The target variables were forest, other
wooded land and other land. For three selected sample countries of the EU (Finland,
France and Italy), a more detailed approach was tested using national forest statistics. For
these countries the forest area was further divided into three sub-categories: coniferous,
broadleaf and mixed forest. A reflectance image mosaic of 49 images acquired from the
AVHRR instrument of NOAA 14 satellite was used as the reference satellite data. The
CORINE Land Cover database was selected as the most appropriate database for
representing ground data.

The calibration method (pixel-by-pixel ratio scaling)

In a first phase, the percentage of the forest probability was estimated for each AVHRR
pixel, using CORINE land use classification as training data to establish the link between
the five classes (forest, other wooded land, and within the forest class, coniferous,
broadleaf and mixed forest) and the AVHRR spectral response. In a second phase, the
area of classes was calibrated based on the concept of a confusion matrix to correspond to
the area of forest land within the NUTS (Nomenclature of Territorial Units for Statistics)
areas.
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The calibration process was repeated twice and no threshold value for differences was
set. This approach meant that the threshold after two rounds represented the actual
threshold resulting from the applied calibration process. The threshold values therefore
varied between the individual polygons.

Limitations of the calibration

Some difficulties were encountered during the implementation of the calibration
procedure with effect on the outcome. They refer mainly to technical problems related to
the data. Errors in regard to the AVHRR image-derived estimates can arise from the
mosaicking procedure, seasonal effects in the imagery, atmospheric correction and mis-
registration of the mosaic.

* The boundaries of NUTS and the AVHRR image coastline, did not always coincide
completely. This may then lead to mis-registration errors.

» Borderline-pixels between individual polygons were found to belong to one, or both
of the neighbouring polygons (overlapping pixels), or to neither of the polygons
(missing pixels). The overlapping pixels were assigned to only one polygon when
merging the grids. Missing pixels were replaced from the original proportion images
or were interpolated from neighbouring pixels.

» The presence of cloud covered areas within the 49 AVHRR images reduced the
accuracy of the estimated forest proportions. That effect was most obvious for
Austria, Germany and the Alpine and Pyrenean mountain ranges. These ‘no data’
(clouds, snow) pixels were assigned with a label ‘no data’ thus eliminating them from
further processing.

» The CORINE Land Cover database was used to assign a forest proportion (or other
land cover proportion) to the AVHRR pixel clusters. It should be kept in mind that the
CORINE database does not cover the entire pan-European area, and in fact, is also
rather limited in terms of its coverage in the boreal zone.

 Satellite data can obviously not distinguish between all different land use types. As
for example, ground inventories regard ‘temporarily unstocked areas’ as forest.
Classification procedures applied to satellite data, however, may assign hay fields,
pasture lands and clear cut areas to the same output class.

* EUROSTAT statistics of 1992—1996 use the definitions for forest and other wooded
classes based on used in the UN-ECE/FAO-1990 Temperate and Boreal Forest
Resources Assessment. Individual countries collect their inventory data according to
their own developed procedures and definitions. They may vary considerably to those
of international reporting bodies. Furthermore, the rather vague definitions of forest
in the CORINE nomenclature, together with the fact that the database has been
generalised, and not validated, render the CORINE less than ideal as the reference
database.
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Applicability of the calibration method

Most of the reservations described above may be overcome if more harmonised
nomenclature, better ground data, and more cloud-free satellite data would be available.
That would positively influence the accuracy of the calibration results. In summary,
however, the methodology of calibration itself proved to be well suited to the problem of
combining two independent data sources to one value-added product.
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1 Introduction

1.1 Background

1.1.1 Earth Observation data

Earth Observation (EO) data are regarded as a cost-efficient means for locating different
types of vegetation cover at the ground level. There are numerous initiatives for mapping
forests worldwide and for Europe. They vary in their level of detail, scale, sources of
information and target groups. A few examples are listed below:

» The remote sensing forest map was prepared for the European Space Agency (ESA)
in 1992 as a contribution to the World Forest Watch project of the International Space
Year (ESA, 1992, 1993). The derived forest/non-forest map at a scale of 1:6 million
was based on the classification of multi-spectral National Oceanic and Atmospheric
Administration (NOAA) Advanced Very High Resolution Radiometer (AVHRR)
satellite data. The main objective was to provide up-to-date information and a reliable
reference database for monitoring forest using a standard approach and a single
homogeneous set of image data.

» The approach of the Co-ordination of Information on the Environment (CORINE)

Land Cover map of the Commission of the European Communities (CEC), is based
on computer-assisted photo-interpretation of EO satellite images, with the
simultaneous consultation of ancillary data, into the pre-defined categories of the
CORINE Land Cover nomenclature. Out of 44 classes, three describe forest (i.e.
coniferous, broadleaved, mixed) and one describes agroforestry (EEA Task Force,
1992). Forest areas smaller than 25 ha are not included as they fall below the
threshold of the reference unit size.

» The International Geosphere-Biosphere Programme has compiled a global data set of
land cover, and its characteristics at a spatial resolution of 1 km was derived from the
AVHRR sensor. North America, South America, Europe and Africa have been
completed. The classification system consists of 17 classes, five of which are related
to forest land (evergreen coniferous forests, evergreen broadleaved forests, deciduous
coniferous forests, deciduous broadleaved forests and mixed forests). Two further
classes describe closed and open shrub lands.

» The University of Maryland within the framework of its Tree Cover Project, has
produced a number of maps distinguishing the proportion of tree cover, the cover for
evergreen and deciduous, and broadleaved and needle-leaved. The work was based
on AVHRR satellite data at a global to regional scale. The project also covers the
entire European continent (DeFries et al., 1998; DeFries et al., in press; Hansen et al.,
in press).

Mapping forests at the national level is a common practice in European countries. The
level of detail, scale and approaches (aerial photographs, satellite imagery) are manifold.
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In France, the Inventaire Forestier National, for example, produces 1/25000 forest maps.
In Finland, satellite-based forest maps of various scales are available.

1.1.2 Forest statistics for Europe

Statistical data on forest area and its distribution for different forest classes are
traditionally available through the national forest inventory statistics and other national
and international forest statistical sources. The publication of the European Commission
under the European Forest Information and Communication System (EFICS) on forest
inventory and survey systems (EC, 1997) includes detailed reference lists to completed
and ongoing forest inventory activities, and published results of more than 20 European
countries. Examples of international organisations collecting forest resources data are the
UN-ECE/FAC (UN, 2000) and EUROSTAT (EUROSTAT, 1998). In both national and
international publications most countries provide data on coniferous and broadleaved
forest area, also distinguishing in some cases by main tree species and/or tree species
groups. The statistics may also yield this type of detailed information at the region/
province level. Such data only permit the identification of the total share of a tree species
in a particular region or province. Furthermore, the level of detail may vary considerably
from one country to another, as may the definitions for tree species/species groups.

For field inventories based on sampling, a measure of reliability can be derived. At the
country or province level, the standard errors for forest area estimates vary from less than
one to a few percent (EC, 1997). When comparing satellite-derived data for forest area
and inventory statistics, discrepancies are in the order of tens of percent at the country
level (Kuusela and Paivinen, 1994). Often the accuracy of satellite-based maps varies
considerably, and in most cases, is not even assessed by the map providers.

1.2 Objectives

This study aims at combining information from both remote sensing and forest inventory
statistics in order to improve our knowledge on the distribution of forests in Europe. For
each of the EU-15 countries the target was to produce a NOAA-AVHRR-based forest map
which corresponds to the official statistics reported for the regional or province level. The
statistical data were based on the European forest statistics compiled by the Statistical
Office of the European Communities, EUROSTAT. The target variables were: forest;
other wooded land (OWL); and other land.

For three selected sample countries of the EU (Finland, France and Italy), a more
detailed approach was tested using national forest statistics. Forest area was further
divided into three sub-categories: coniferous; broadleaved; and mixed forest.

2 UN-ECE/FAO United Nations Economic Commission for Europe/Food and Agricultural Organization
3 The European Statistical Office of the European Commission



2 TheData

2.1 Earth Observation data (NOAA-AVHRR images and CORINE data)

A reflectance image mosaic of 49 images acquired from the AVHRR instrument of
NOAA 14 satellite was used as the reference satellite data. Forty-eight images were
from the summer 1996 and one image from 1997. Only red and near-infrared channel
data were used. The mosaic was converted to the CORINE version of the Lambert
azimuthal equal area projection with a 1000000 m pixel size. The CORINE Land

Cover database was selected as the most appropriate database for representing ground
data (EEA, 1994).

2.2  European and national statistics

2.2.1 The EUROSTAT statistics

The forest statistics compiled by EUROSTAT for the period 1992-1996 (EUROSTAT,
1998) are based on national forest inventories and land use surveys, the national data
being adjusted case by case to match with internationally agreed definitions. Within the
EUROSTAT statistics only the terms ‘forest land’, ‘other wooded land’ and ‘wooded
area’ (forest plus other wooded land) are distinguished. The definitions used in
EUROSTAT are based on those of the UN-ECE/FAO Forest Resources Assessment of
the Temperate Zone, 1990 (UN, 1992) and its update of 1995. The definitions are as
follows:

* Forest landis defined as land with tree crown cover (stand density) of more than
about 20% of the area. Continuous forest with trees usually growing to more than
about 7 m height and able to produce wood. This includes both closed forest
formations where trees of various storeys and undergrowth cover a high proportion of
the ground, and open forest formations with a continuous grass layer in which tree
synusia cover at least 10% of the ground.

e Other wooded langOWL) is land, which has some forestry characteristics, but is not
forest as defined above. It includes open brushland and scrub, shrub and brushland,
whether or not used for pasture or range. It excludes land occupied by ‘trees outside
the forest'.

» Wooded arezonsists of forest land and OWL.

The data for wooded area are based on the EUROSTAT Forestry Questionnaire of 1997 in
which the figures are reported for levels 1, 2 and 3 of the NUTS (Nomenclature of
Territorial Units for Statistics) system of nomenclature (EUROSTAT, 1995). Table 1 gives
an overview of the data from EUROSTAT at the NUTS level-0 (i.e. country level) and
illustrates the availability of statistics at NUTS level-1 and level-2 (Figure 1). The degree
of completeness varies considerably between the EU-15 countries.
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Table 1. Available forest statistics for EU countries from EUROSTAT Forestry Statistics 1992—
1996 (EUROSTAT, 1998)

NUTS 0 NUTS 1 NUTS 2

Forest OWL TOTAL | Forest OWL TOTAL | Forest OWL TOTAL
Austria 3877 - 3877 no - no no - no
Belgium 667 9 676 no no yes no no yes
Denmark 417 - 417 No NUTS 1 level yes - yes
France 15034 1840 16874 yes yes yes yes yes yes
Finland 20032 2971 23003 yes yes yes yes yes yes
Germany 10741 - 10741 yes - yes No NUTS 2 level
Greece 3359 3154 6513 no no yes no no yes
Ireland 570 36 606 no no no no no no
Italy 6821 3036 9857 yes yes yes yes yes yes
Luxembourg 89 - 89 No NUTS 1 level No NUTS 2 level
Netherlands 334 50 384 yes no no yes no no
Portugal 2 347 31 no no yes no no yes
Spain 10662 15332 25984 yes yes yes yes yes yes
Sweden 24425 3582 28007 no no yes no no yes
UK 2469 - 2469 yes - yes No NUTS 2 level

— = Nil (zero); yes = data available; no = data not available.

Figure 1. NUTS polygons representing the geographical units where EUROSTAT forest area
statistics for EU-15 countries are available. The level of detail varies from NUTS level-0 in

Sweden, Ireland, Portugal Greece, the Netherlands, Belgium, Luxembourg, to NUTS level-1 in
Germany and the UK, and to NUTS level-2 in Denmark, Spain, France, Italy and Finland. For
Austria, only NUTS level-0 data was available from the EUROSTAT statistics. More detailed

national statistics were used in this case).
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o

Italy: National forest statistics are available

for NUTS level-2; for the NUTS level-2

polygon Trento-Bolzano NUTS level-3 was

used (Bolzano and Trento). Finland: NUTS level-3 polygons were partly
re-digitised to match with the 14 Forestry
Centre Districts. These are indicated as 0-13
in the map. See also Appendix 2.

France: National forest statistics are
available for NUTS level-2 and level-
3; the map above represents the NUTS
level-3 polygons.

Figure 2. Polygons representing geographical division used in the national forest statistics in Italy,
Finland and France.
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In the case of Austria, only information from the NUTS level-0 was available from
EUROSTAT. Since the provinces matched exactly with the NUTS level-2 polygons, data
from the national statistics were used to represent NUTS level-2 forest data (Forstliche
Bundesversuchanstalt-Waldforschungszentrum, 1995). The precise data utilised in this
study are listed in Appendix 1.

2.2.2 National forest inventory data

National statistics for most countries are published for geographical units that in most
cases match with the NUTS level boundaries. Three case studies are presented in detail in
this report: for Finland re-digitising of the NUTS level-3 was required in order to match
the boundaries with the national forest districts; for France NUTS level-2 and also NUTS
level-3 data (Departéments) were available; and for Italy, NUTS level-2 data were
available (Figure 2).

European countries have their own set of terms and definitions for the categories of
forest, OWL, etc. (EC, 1997). The concept of ‘forest’ is comparable at certain levels, but
the definition of OWL varies considerably for the different countries, and in part the
descriptions of this class are rather vague. In France, for example, OWL is not assessed in
the field and estimates are derived from ocular interpretation of aerial photographs.

For Finland, the definitions of forest and OWL are listed in Table 2. The OWL statistics
reported by EUROSTAT exactly matched those for ‘scrub land’ as reported in the Finnish
1995 Statistical Yearbook of Forestry (FFRI, 1995).

The national statistics specify the area by individual tree species. Therefoee,
abies,Pinus sylvestrisnd ‘other conifers’ were combined to form the class of coniferous
forest. The same procedure was used for broadleaved forest. Broadleaved forest included
Betula pendula, B. pubescens, Populus tremula, Adpps and ‘other non-coniferous’
species. The class ‘mixed’ only exists in terms of describing the contribution of the
dominant tree species (<75%) to the volume. Two other categories reported are ‘some
species mix’ and ‘pure’ stands. The expression ‘mixed’ refers mainly to a mix of spruce
and pine with the possible inclusion of a small amount of broadleaved species. Therefore,
the class ‘mixed’ can be regarded more as a mixture of different coniferous species, than
of coniferous and broadleaved species.

For France, it was rather difficult to distinguish the information for the different classes.
The Inventaire Forestier National uses definitions for forest and OWL as presented in
Table 3.

The definition of these so-called ‘other wooded lands’ as described in Table 3 was not
suitable for deriving statistics on OWL based on the UN-ECE/FAO Forest Resources
Assessment of the Temperate Zone, 1990 definitions (UN, 1992). It is a description of
protection and unmanaged forests. The two classes ‘forest’ and ‘other wooded lands’
constitute the forest of France. OWL for France is described, for example, in the
Temporal and Boreal Forest Resources Assessment 2000 (UN, 2000) as:

Heathland in the sense of the land use survey and is defined as formations generally of
large extent. Grassy vegetation most often accounts to the bulk of plant life, but a

minimum of 25% of the ground cover consists of woody or semi-woody plants such as
ferns, heather, broom and gorse. Wooded areas represent less than 10% of the total.
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Table 2. National terms and definitions for Finland.

Finland ‘Forest’
In the national statistics this is called ‘Forest land’. Forest land has the potential
capacity to produce a mean annual increment of at leasthh stem wood, over
bark, given an optimum tree species mixture, growing stock volume and prescribed
rotations.

‘Other wooded land’

In the national statistics this is called ‘scrub land’. Scrub land has the potential
capacity to produce a mean annual increment of at least3ha but less than 1.0
m®/ha given an optimum tree species mix.

There is also the term ‘waste land’. Waste land: if not naturally treeless, does not have
an optimum tree species mix, and it is not able to produce annually more thai 0.1 m
ha. This area had been added to other land.

‘Coniferous’

The area of coniferous forest had been derived from the national statistics where they
are separated by individual tree species. The individual tree species, hamely spruce
(Picea abie} pine Pinus sylvestrisand other conifers, were combined to form the
category coniferous forest.

‘Broadleaved’

The area of broadleaved forest had been derived from the statistics that were available
by individual tree species. The tree species, namely white Betulé penduly

downy birch B. pubescensaspen RPopulus tremuly alder Alnus spp. and other
non-coniferous species were combined to form the category broadleaved forest.

‘Mixed’
The mixed forest category as needed for this project did not exist. The national
statistics only define mixed coniferous forest.

Source Data: (FFRI, 1998).
Terms and definitions: (EC, 1997; FFRI, 1998).

Table 3. Definitions of ‘forest’ and ‘other wooded lands’ as provided by the Inventaire Forestier
National (EC, 1997).

‘Forests’

Identified from aerial photos (ocular estimates). Must have following characteristics:

« Either measured trees (diameter >7.5 cm) have a crown cover percentage reaching at least 10%
(ground projection of crowns) or

« there are more than 500 stems/ha that are viable trees (able to make a stand):

« seedlings, plants or shoots, vigorous, well shaped and regularly distributed.

» These characteristics, identified by photo-interpretation, are then checked up on the fields.

» Cover at least 5 acres, the average width of canopy being at least 15 m.

‘Other wooded lands’

Defined by the same criteria as production forest, the only difference being that their main
function is not production. They are not sampled in the forest. They mainly consist of unmanaged
forest, protective forest, non-admittance areas.
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It was not possible to derive the classes ‘mixed’ forest from the officially available
statistics of the Inventaire Forestier National. Data supplied within the land use survey
‘Utilisation du Territoire — TERUTI, 1995’ (in Ministére de I'Agriculture, de la Péche et
de I'Alimentation, 1997) allowed a general, but more suitable division of the statistics
following the classes used in this project.

Table 4. Terms and definitions of forests for France.

France ‘Sols a couverture boisée ou sols boisées’ (Areas with wood coverage or wooded
areas)
This category includes all the land occupied by forest trees, provided that the crown
coverage (vertical projection of the crowns on the ground) is at least 10% of the area.
This very weak limit is primarily an indicator for classification between areas with
wood coverage and areas with vegetation of the ‘landes’ and ‘maquis’. In the case of
a young plantation, the density of the future trees must be at least equal to 500 plants/
ha evenly spread. Christmas trees are classified under forest species.
‘Bois et foréts’ (Woods and forests)
Wooded formations (other than poplar plantations) of 0.5 ha and over.
‘Superficie boisée hors forét’ (Wooded area outside the forest)
Any wooded formation (other than poplar plantations) of less than 0.5 ha.
‘Bosquets’ (Woodland)
Area included between 0.05 and 0.5 ha.
‘Peupleraies en plein’ (Full poplar plantations)
Pure poplar plantation with an area of 0.05 ha or over and more than 10 m wide. If
there is an agricultural crop associated with it, the area is classified under ‘associated
poplar plantation’.
‘Coniferous’
Details on the definition of coniferous forest were not made available from the
published statistics.
‘Broadleaved’
Details on the definition of broadleaved forest were not made available from the
published statistics.
‘Mixed’
Details on the definition of mixed forest were not made available from the published
statistics.

Source Data: In Ministére de I'Agriculture, de la Péche et de I'Alimentation, 1997; based on

the Enquéte “Utilisation du Territoire, TERUTI, 1995.
Terms and definitions: In Ministére de I'’Agriculture, de la Péche et de I'Alimentation,
1997; based on the Enquéte “Utilisation du Territoire, TERUTI, 1995.

In the data tables in Ministére de I'Agriculture, de la Péche et de I'Alimentation (1997),
forest is divided into broadleaves, conifers and mixed (Table 4). A separate column shows
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the area of poplars (poplar plantations) that were added to the class of broadleaves. The
sum of broadleaved (including poplar plantations), coniferous and mixed forest figures
matched well with EUROSTAT's figures for forest land. OWL could not be clearly
identified and extracted from the data. The only additional separation given in the
statistics is ‘wooded areas outside the forest’ (superficie boisée hors forét). However,
these do not match well with the OWL category. It was unclear from the data as to
whether these areas should be regarded as forest or not. According to the statistics in the
EUROSTAT publication these areas were not included under forest land. The precise
definition of OWL in France would need more in-depth investigation and clarification. As

a result, the map for OWL should be seen as preliminary and interpreted in the knowledge
of these shortcomings.

Table 5. Terms and definitions of forests for Italy.

Italy ‘Forest’
Forest area: a territory with one or more of following characters:
« Purpose to produce wood or non-wood goods currently regarded as forest;
» Contain tree or bush stands with direct or indirect function of protection;
« Contain spontaneous tree or bush stands with naturalist, scenic or recreation

function.

Also included were areas temporarily without a stand because of cutting or
exceptional occurrences. Minimum size of a forest area is 260Trees in smaller
groups than this are not assessed by the Inventario Forestale Nazionale. Minimum
width is 20 m. Canopy coverage of a minimum of 20% is requested. Non-forest areas
with a size of no more than 200C¢ end included in forest areas are classified as
‘included areas’.

‘Other wooded land’

According to the inventory specialist the category of ‘special formations’ belongs to
the OWL class. Special formations include bushland or maquis, rock-wood
formations and riparian forests. Maquis had been fully regarded as OWL. For the
riparian forest only the bushland component was used for OWL. The same applied for
the rock-wood formations.

‘Coniferous’
Forest with dominance of >75% of basal area of coniferous species

‘Broadleaved’

Forest with dominance of >75% of basal area of broadleaved species

‘Mixed’

In the Inventario Forestale Nazionale there are two categories, namely ‘mixed with a

prevalence of conifers’ and ‘mixed with a prevalence of broadleaves’. These two
categories combined formed the mixed forest class.

Source Data: Ministero dell’Agricoltura e delle Foreste, 1988; Tosi, personal communication,
1999.
Terms and definitions: EC, 1997; Ministero dell’Agricoltura e delle Foreste, 1988;
Tosi, personal communication, 1999.
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For Italy, the data from the Italian forestry statistics — the 1985 Inventario Forestale
Nationale (Ministero dell’Agricoltura e delle Foreste, 1988), were allocated to the 5
classes. There were difficulties in identifying the amount of OWL. In general, OWL was
to be found in the national statistics under the categories ‘special formations’ consisting of
magquis or bushland, rock-wood formations and riparian forests (Table 5). The categories
were divided proportionally according to the sub-country regions in order to get the best
results for the class of OWL (Tosi, personal communication, 1999). In the new Inventario
Forestale Nazionale, the UN-ECE/FAO Forest Resources Assessment 2000 definitions
will be adopted (ISAFA & MIPAF, 1999). The second inventory, however, has not yet
been undertaken.

The data input best suited for the pixel to pixel ratio scaling process using national
inventory data are listed in Appendix 3.



3 Methods

3.1 Pan-European forest maps using AVHRR data

The input data were forest area estimates by tree species for units ¢f THase
estimates were computed using an image mosaic of NOAA-AVHRR data and CORINE
Land Cover database. The input image mosaic was compiled using 49 images of the
AVHRR instrument of NOAA-14 satellite. The individual images were calibrated into
reflectance values and geo-coded before the compilation. The spectral values in the
mosaic were reflectance means of overlapping pixels that were considered to be cloud-
free. In most locations, the number of overlapping pixels was 3 or 4. The mosaic
comprised the pan-European area up to the Ural Mountains. The images were from
summer 1996, except one image that was from 1997 (Figure 4).

The mosaic was separated into three geographic strata: Atlantic; Mediterranean; and
Temperate & Boreal. The separation follows the major vegetation zones (Figure 5). The
boreal zone was combined with the continental temperate zone because the CORINE data
were not available for the boreal region. Forest variables were estimated separately for
each stratum.

In the first stage of the estimation, an unsupervised clustering to 75 classes was made to
the image (step 1 in Figure 3). Only a sample of the pixels of the mosaic was involved in
the clustering. The sample consisted of 2 pixel groups (observations) that were
homogeneous in their reflectance values. Using the reflectance means of the observations,
the bi-normal distributions were estimated for the classes of the unsupervised clustering.
Observations that were located close to the edges of the bi-normal distribution were
excluded from further processing (step 2). Squares okSlD m surrounding the centre
of the observations were defined on the CORINE Land Cover database so that the centre
of a square was at the centre of an observation. At these squares, the areas of the forest
variables were computed from the CORINE database (Figure 6 and Table 6). The mean
values of forest variables were computed for the classes from unsupervised clustering
(step 3).

The estimate of the area of a forest variable FP(x) within a pixel (x) was obtained by
multiplying the class membership probabilities P(c|x) by the class forest variable means
(FP), and summing over all the classes (step 4):

N
ZP c|x)F
c=1

FP represents a weighted average of the forest variable values of the classes of
unsupervised clustering.

Finally, the stratum-wise estimates were combined into one digital database that covered
the whole European area. The estimation method is described in detail in Hame et al.
(2000 and in press).



26 Combining Earth Observation Data and Forest Statistics
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Figure 3. Computation of the estimates using NOAA-AVHRR and CORINE data.
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Figure 4. The image mosaic in the CORINE version of the Lambert equal area projection.
Red = AVHRR band 1; Green = AVHRR band 2; White = cloud.

Figure 5. The three geographic strata used in the probability estimation.
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il

S0m

Figure 6. An example sample (squares) taken from CORINE. Polygons = CORINE land use
classes; light area within the squares = forest; dark area = non-forest.

Table 6. Statistics of the three unsupervised classifications.

Clustering Clustering characteristics Size of
CORINE sample

Number  Number of Proportion  Number of  Number of

of observations of whole observa- observa-
clusters  in clusters image % tions in tions in
largest smallest
cluster cluster pixels  km?
Atlantic 75 65 039 8.2 2 345 24 36 187 9 047
Mediterranean 75 128 064 17.6 3469 35 86 466 21 616
Temperate & 75 661 043 11.8 25 426 48 77 086 19 272

Boreal

Figures 7, 8, 9 and 10 show that the highest estimates for broadleaved forests are in
Central Europe and in the area of the Ural Mountain Range. Conifers dominate Northern
Europe. The mixed forest class in the CORINE database may not be consistent, because
the proportion of mixed forest is very low in the territory that belonged to the Atlantic
stratum. OWL occurs almost exclusively in the area of the Mediterranean stratum. In
Northern European forests the proportion of OWL is in reality significant due to the
abundance of peatland. Since the CORINE database did not cover the boreal forests, no
reference data for the northern peatland existed. The OWL in the north was, therefore,
underestimated.
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Figure 8. Estimates of coniferous forest within a pixel.
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Figure 9. Estimates of mixed forest within a pixel.

Figure 10.Estimates of OWL within a pixel.
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3.2 The calibration process (pixel-by-pixel ratio scaling)

3.2.1 The confusion matrix

The confusion matrix has a long history in applications of remotely sensed data for
vegetation cover classification. It has been used for estimating the overall accuracy of the
classification, but also for adjusting values obtained by the classification method to yield
global estimates for a single image. The following example, taken from Hay (1988), is
used to illustrate the use of the confusion matrix.

Table 7.Confusion matrix in assessing land cover classes X, Y and Z (in any area units).

Ground Survey
Image X Y 4 Totals
interpretation
X 57 8 12 77
Y 7 42 9 58
z 2 5 55 62
Totals 66 55 76 197

The scaling factor in the calibration process is the ratio of the column to the row total. The
data in Table 7 suggest that class X is overestimated by 77/66, and should be scaled by
multiplying it by 66/77. Table 8 shows the results for another location, to which the
scaling ratios derived from Table 1 have been applied.

Table 8. Application of scaling ratio (taken from Table 7) to new location (in which the image data
have been calibrated with ground survey data).

Ratio of column to row  Results for a Scaled new results  Scaled new results, totals
total in ground truth new location corrected
survey (from Table 7)
A B C D
(=FA x B) (=Totals B/Totals C x C)
66/77 X 78 66.9 65.2
55/58 Y 66 62.6 61.0
76/62 Z 92 112.8 109.9
Totals 236 242.3 236.0

After applying the calibration, the totals may still differ from the original totals making a
further correction necessary. Therefore, the third column in Table 8 is multiplied by the
ratio 236/242.3.
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When the above approach is applied on a pixel by pixel basis, the class distribution
within each pixel has to be estimated. Ground surveys can be used as well as other,
independent and more reliable information sources to scale the class coverage within a
specific geographic area.

3.2.2 Adjustment of proportional cover type estimates to match with statistics

A set of formulas is presented that represent the algorithm in mathematical terms. The
formulas help to illustrate the example presented in section 3.2.3. To simplify the
presentation of the matching algorithm it is presumed that the calibration region area is a
rectangle consisting of picture elements golumns and lines.

Notations:

X percentage value of a target variablér the calibration region from
the statistics

n number of target variables(land cover types)

x“’)(i, 7) percentage estimate of the proportion for target varebie pixel(i, j)

c,! number of columns and lines in the image of the calibration region

w coefficient for adjusting the target variable values to match with the
statistics

xr(”) (i,j) adjusted estimate of the proportion of the target variabtea pixel
@i, ))

p,7) sum of adjusted target variable estimates in a ffixg!

s(i, J) coefficient for scaling the adjusted variable estimate¥” (7, /)
to percentage scale [0,100]

xr(:,’) (i, )) adjusted and scaled percentage estimate of the target vaaiabke
pixel (i, j)

The algorithm:

< X(a) i, .
—la) = G.7) (Equation 1)

T c-l
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(a)
w' = )_((a) (Equation 2)
X
xr(“) G, 7)=w"-x0%, ) (Equation 3)
pli,j)= ZX,@ (i, /) (Equation 4)
a=l
100
s, j)=— (Equation 5)
p(i. j)
) =56, ) x G, ) (Equation 6)

This procedure is repeated by inserting the adjusted and scaled \m,iﬂéﬁ 7)
resulting from Equation (6) in place ofx(‘“(i,j) iBquations (1) and (3) until the
chosen threshold value for the differences has been reached:

cpela) (@) y Equation 7
diff @ =5~ x@ (Eq )
where

c /
@ . . _
me. (@ /) (Equation 8)
—(a) i=l =1
xrs -
c-l

Equation (8) gives the final calibrated proportions for the target variables a in the
calibration region.

3.2.3 The practical example

Table 9 shows the process of pixel to pixel ratio scaling for an area 8flixels, each

pixel having an estimate for three ground cover classes (‘forest’, ‘OWL’ and ‘other land’),
the sum of which totals 100%. It illustrates the calibration procedure and the steps
involved with reference to the above-described algorithm.
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A. Match with statistics

1. The theoretical example consists of an area>0Bdixels. The area has three
different variable layers (B1...D3, B5...D7, B9...D11) corresponding to the three
land cover types. In the first pixel tA/HRR-estimated proportions are as
follows: forestis 10.0% (B1); OWL 10.0% (B5); arather land cover 80.0%
(B9).

2. In thestatistics,for the same 3 3 pixel area there are: 18.0%est (A4); 25.0%
OWL (A8); and 57.0%other land (A12).

3. The sum of the 3 proportions for each pixel is 100% (B1+B5+B9 = B13;
C1+C5+C9 =C13; etc.).

4. The total mean of AVHRR-estimated forest in theBpixel area is 15.11%
(B1...D3 -> E4, @rived using Equation 1 in the algorithm

5. The area of forest in the statistics is 18.0% (A4).

6. This results in a ratio of 18.0/15.11 = 1.191 (Eduyation 2.

7. During ‘pixel round 1’ all original forest pixel values (B1...D3) are multiplied by
the ratio 1.191 (F4). The first resulting pixel value ix10191 = 11.9 (G1) (= B1
x F4,Equation 3.

8. This is performed in order to obtain the mean 18.0% (J4)- as recorded in the
statistics. After pixel round 1, the average of the pixels (34, J8, J12) is naturally the
same as the forest proportion in the statistics.

B. Match within pixels

9. Now, however, the sum for each pixgbation 4 is not 100%. The first pixel has
a value of 11.9 + 8.0 + 85.0 = 104.9 (G1+ G5 + G9 = G13).

10. Pixel values are then adjusted so that the sum for each pixel is 100% by deriving a
ratio for each pixel: 100/actual sum of the 3 pixel valtpiétion 5.

11. For the first pixel (G1), the ratio is 100/104.9 (100/G13) = 0.953. For the second
pixel (G2), the ratio is 100/105.9 (100/G14) = 0.944.

12.In the total round 1, the pixel values of pixel round 1 will be multiplied by their
corresponding ratios. The first pixel will obtain the value KI00953 (G1x ratio
for K1) = 11.4 (K1Equation §.

13. The total for 3 variables for all pixels will be 100.0% after pixel round 1
(K1+K5+K9 = K13; L1+L5+L9 = L13; etc.).

14. However, again, the mean does not match the forest cover of 18.0% — but is now
closer, 17.6% (K1...M3 -> N4 quation §.

15. This process is repeated until the means of th8 @reas equal or are judged to be
close enough (<0.2%-unitSguation 7 to the statistics and the pixel sums are equal
to 100%. In this example, it is the case after 2 rounds. The calibrated forest
proportion is 17.93% (W4), OWL 25.14%, and other land 56.93&t4tion §.

Since the last round was the ‘total round’ the sum of land cover classes in each pixel
is 100%.



Table 9. The process of pixel to pixel ratio scaling — a practical example.
Rows 1-3, Forest; Rows 5—7 OWL; Rows 9-11, Other land; Rows 13-15, Total.

Statistics Original  mean ratio Pixelroundl mean Totalroundl mean ratio Pixelround2 mean Totalround2 Mear
A B C D E F G H | J K L M N (6] P Q R S T U \% W
1 10.0 30.9 10.p 119 357 11.9 11.4 341 120 11.6 [34.9 |12.3 11.6| 34.7| 12.3
2] 220 50 7. 26 6/0 83 247 6.3 B.8 254 16.4 |9.0 r5.1 | 65| 9.1
3] 23.0 25.0 4.0 2714 29|18 48 26.6 289 5.4 27.2 P9.7 |55 27.1 1295 5.6
4] 18.00 1511 1.19 18.00 17.56 1.025 18.00 17,
5| 10.0 20.0 30.p 8/0 16/0 24.0 7.6 153 Z4.1 7.4 4.7 [23.3 7.3(14.6| 23.3
6 | 12.0 45.0 47.p 96 36(0 37.6 1 3.9 39.7 8.8 B6.5 |38.3 8.7 1 36.8| 38.6
7] 23.0 25.0 69.p 18/4 20[0 53.2 1Y.9 195 62.3 17.2 [18.8 |60.1 17.1| 18.7| 61.2
8] 25.00 31.22 0.80 25.00 25.92 0.965 25.00 25
9] 80.00 50.0 60.p 85J0 5311 63.7 81.0 50.6 3.9 81.7 [51.1 |64.5 81.1| 50.7| 64.5
10| 66.0 50.0 46.p 70{1 53{1 48.9 66.2 55.8 %1.5 66.7 [56.3 |52.0 66.2| 56.7| 52.4
11| 54.0 50.0 27.p 57/4 531 28.7 55.6 51.6 32.3 56.1 [52.0 [32.6 55.8| 51.8| 33.2
(12| 57.00 53.67 1.06 57.00 56.52 1.008 57.00 54.
13| 100.9 100.0 100/0 1049 104.9 9p.7 100.0 1p0.0 100.0 100.7 |100.7(100.0 100.0 100J0 100.0
|14] 100.¢ 100.p 100J0 1059 93.1 94.8 100.0 100.0 100.0 100.9 | 99.3| 99.3 100.9 100.p 100.0
15 100.9 100.p 10040 1032 102.9 8B.7 1Q0.0 100.0 100.0 100.5 [100.5| 98.2 100.0 1000 100.0
| 100.00 100.00 100.00 100.00 100.00 100.

93
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3.3  Process of calibration for classifying the pixels into two classes

In a second case, where there are two target classes, the correction process is simpler. In
the traditional classification approach, it is assumed that if a pixel is 50% or more of a
certain class, it will be classified to that particular class. In the case of other information
sources, (which are believed to be more accurate), the aim is to find a threshold giving the
desired output as the result. In defining the output, a simple iteration method is
recommended. This calibration method of classifying the pixels into two classes was not
applied in the course of the work.



4 Results

4.1 Explanatory notes

The calibration method described in Chapter 3.2 was implemented under consideration of
the following remarks:

The calibration process (pixel-by-pixel ratio scaling)

The calibration process was repeated twice and no threshold value for differences was set.
This approach meant that the threshold after two rounds represented the actual threshold
resulting from the applied calibration process. Therefore, the threshold values varied
between the individual polygons.

No data pixels

There was a considerable amount of ‘no data pixels’ in the original probability maps
representing either clouds and/or snow. In the calibration procedure each of the ‘no data
pixels’ was given the label ‘nodata’ eliminating these pixels from further processing.

Borderline-pixels

In most cases, the borderline-pixels can be clearly assigned to a particular polygon (the
pixel was completely or the majority of the pixel was within a particular polygon). In
some cases, the borderline-pixels were found equally in neighbouring polygons; these
overlapping pixels were processed in the merging operation by including them in only one
polygon. In another set of cases, the borderline-pixels did not fall within any polygon;
these missing pixels were replaced with values from the original probability map.

Overlap original probability map and NUTS vectors

In some cases, the original probability maps did not fully overlap with the NUTS vectors.
This was most visible when calibrating small archipelagos. The extracted area was
partially located in the water area. In general the misplacement was not more than one
kilometre. This effect caused an increase in the distortion for those areas.

4.2  Forest map calibrated to match the EUROSTAT statistics

In this analysis the calibrated forest map (see map on pages 38-39) based on EUROSTAT
statistics was compared with the pan-European forest map derived from the AVHRR
mosaic. Graphs are presented below in order to illustrate the impact of the calibration
procedure on the original computations of the AVHRR image data. Both the calibration
procedure and the comparisons have been implemented at the finest detail possible,
depending on data availability from the statistics.
The availability of statistical data varied considerably between the different EU

countries. Seven countries (Belgium, Greece, Luxembourg, Ireland, the Netherlands,



38 Combining Earth Observation Data and Forest Statistics

45°

70°

5° 15° 25° 35°

50

FOREST MAP OF THE EUROPEAN UNION

15°

70°

25°




Results 39

OO 1=

N3 ®pPIsINO

O._Ov ON

\_mtu>>

001=9£

G/~1S

05-9¢

G 9

S0 (%) uoipiodo.y saio4




40 Combining Earth Observation Data and Forest Statistics

Portugal and Sweden) distinguished forest area at the country level only, resulting in the
application of the calibration procedure at the national scale. The other eight EU countries
(Austria, Denmark, France, Finland, Germany, Italy, Spain and the UK) provided forest
area statistics at the regional level. The result of the calibration at the national level, and
the differences to the AVHHR image-derived estimates can be seen in Figure 11. In
Belgium, Luxembourg, the Netherlands and Sweden, the differences are minor. In Greece
and Portugal, the AVHRR image-derived estimates appear to underestimate percentage
forest cover, whereas in Ireland there is an overestimate of the forest area as derived from
the AVHRR mosaic. However, a considerable amount of detail is lost if statistical data of
forest area are available at the country level only (especially in cases of large countries
with high forest cover, such as for Sweden), thus restricting the calibration procedure to
the rather broad national scale. As the reference areas of the calibration are consequently
rather large, as in the case of Portugal, Sweden and Greece, the overall result cannot show
the discrepancies between the image and the statistics for particular regions within a
country.

70

M Statistics
60 +{ WAVHRR classification -

U Calibrated classification
50 —

40 ]

%

7

Belgium Greece Ircland Luxembourg Netherlands Portugal Sweden

Figure 11. Comparison of EUROSTAT forest statistics, forest cover estimates derived from the
AVHRR mosaic, and the calibrated results for seven sample countries in the EU for the class forest
at the country level (NUTS level-0).

This is illustrated for Finland (Figure 12) and Spain (Figure 13). For both countries the

calibration procedure could be applied at a more detailed level (i.e. at the NUTS level-2).
The complete set of the scaling outputs based on the available NUTS level statistics is
given in Pdivinen et al. (2000).
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Figure 12. Comparison of EUROSTAT forest statistics, forest cover estimates from the AVHRR
mosaic, and the calibrated results for Finland for the class forest at NUTS level-2 (excluding
Ahvenanmaa, FI2).

In the case of Finland, Figure 12 indicates that on the southern coast (Uusimaa) and in the
North (Pohjois-Suomi, FI15) the AVHRR image-derived estimates tend to overestimate
forest, but in the central part of the country the AVHRR estimates are closer to statistics.
Overall, the calibration procedure worked satisfactorily. However, areas of water, such as
lakes, as well as the inaccurate representation of the coastline influenced the calibration
process, especially in the polygon Ahvenanmaa/Aland (F12). In the polygon Ahvenanmaa/
Aland the calibrated classification result was lower by 13.4%-units in comparison with the
statistical data, and therefore, was not taken into account. Otherwise the values of the
statistics and the calibrated classification differed by much lower amounts (e.g. by 0%-
units in the polygon ‘Vali-Suomi’, and 0.5%-units in the polygon ‘Etela-Suomi’).

In Spain, there is considerable variation between the EUROSTAT forest statistics and
the AVHRR image (Figure 13). In all but two polygons the forest class is underestimated
in the AVHRR image-derived estimates. The percentage of variation ranged from 1%-unit
to more than 10%-units. Despite this variation, the calibration operation could be applied
satisfactorily to the 16 polygons at NUTS level-2. The values of the statistics and the
calibrated classification differed by, for example, 0%-units in the polygon ‘Principado de
Asturias’ and 1.2%-units in ‘Communidad Foral de Navarra’.

For Austria, the calibrated results showed both underestimates and overestimates of
forest area for the different polygons. However, in most polygons the AVHRR image-
derived estimates and the EUROSTAT statistics correspond well.

The forest area percentages derived from the AVHRR mosaic, for the NUTS level-2
polygons for Denmark are in all cases higher when compared with the statistics. In the
polygon DK0OO1 (Kgpenhaven and Fredriksberg Kommuner) there is no forest reported in
the EUROSTAT statistics, but more than 10% in the AVHRR image. In DK003
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Figure 13. Comparison of EUROSTAT forest statistics, forest cover estimates from the AVHRR
mosaic, and the calibrated results for Spain for the class forest at NUTS level-2.

(Frederiksborg Amt), 14% of the area is covered by forest according to the statistics. The
AVHHR image gives an estimate of 23%.

The forest area estimates for the various sub-regions of Germany are both overestimated
and underestimated in the AVHRR image-derived estimates when compared with the
reported statistics. Overall, the AVHRR image data and the statistics matched
satisfactorily. The forest area is considerably overestimated in two polygons of the image
(i.e. in the cities of Bremen and Hamburg, DE5 and DES).

In Italy, there is considerable variation between the AVHRR image-derived estimates
for the forest class for the polygons and the forest class as reported in the statistics. In
general, a higher percentage of forest area is observed in the AVHRR image. Only in a
few cases is the forest area underestimated in the image.

In France, a general observation was an underestimation of the forest area in the original
AVHRR-image as compared with the EUROSTAT statistics. Figure 14 illustrates the
differences between the original non-calibrated AVHRR forest mosaic and the calibrated
forest database. Excerpts from both databases, have been taken for the Aquitaine region
(NUTS FR61). The EUROSTAT statistics gave the forest cover as 43.2%. In the AVHRR
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image only 24% of the region is categorised as forest. The higher amount of forest and its
spatial distribution can be seen in Figure 14. The proportion of forest is higher in the
calibrated forest image on the right.
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Figure 14. Selection taken from the original forest proportion mosaic (left) and the calibrated forest
database (right) for the Aquitaine region of France.

In the UK, the AVHRR image-derived estimates and the EUROSTAT statistics matched
very well. All 11 NUTS polygons were calibrated successfully.

4.3 Tree species groupings calibrated to match the country statistics

National forest statistics were used for three EU countries (Finland, France and Italy). The
statistics were available at a more detailed polygon level (see Figure 2) at which the
calibration was performed for all five target variables. Only for these data, were tree
species maps produced. The general result shows that there was a tendency for the image
to give rise to underestimates of forest area.

Figure 15 shows the calibration output for the forest class for Finland based on the
national forest area statistics at the NUTS level-3. In Finland, national statistics include a
differentiation of forest area into individual tree species. Since the mixed forest class
includes mixed spruce-pine and mixed birch-alder forest, the calibration of the coniferous
and broadleaved areas only were taken into consideration. The mixed forest class was not
calibrated. It should be noted that the total area of broadleaved and coniferous forest adds
up to 98.5%, and not 100%. The temporarily treeless area of 1.5% (clearcut areas) within
the forest (see Appendix 3) may not be accounted to either of the classes.
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Figure 15. Forest map of Finland, calibrated using 14 NUTS level-3 polygons.

For Finland, a smaller forest area percentage for the coniferous forest class is found in the
original forest proportion mosaic (Figure 16).

In France, the forest area from the national statistics was studied at the NUTS level-3
and broken down to coniferous, broadleaved and mixed forest class. The broadleaved
forest is slightly underestimated by the AVHRR image. The area of conifers was also
slightly underestimated, but by an even lesser degree. Figure 17 shows the calibrated
output for the proportion of coniferous forest in France at the NUTS level-3.

The comparison of the AVHRR image-derived forest estimates and the national
statistics in Italy show good results for the forest class, and the coniferous and
broadleaved forest classes. The mixed forest proportions are slightly higher in the
AVHRR image. Figure 18 shows the scaling output as a calibrated broadleaved forest map
that has been computed using national inventory statistics.

4.4 Other wooded land calibrated to match with the EUROSTAT statistics

The availability of data on other wooded land (OWL) varies between the EU countries to
quite a large extent. In the case of six countries (Belgium, Greece, Ireland, the
Netherlands, Portugal and Sweden), data were available for OWL at the country level.
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Figure 16. Comparison of national forest statistics and percentage cover derived from the AVHRR image for coniferous and broadlealessésrizs
Finland (excluding Ahvenanmaa FI2). Bro = broadleaved; Con = coniferous. Re-digitising of a number of NUTS polygons wasdperéodar to
match with the Forestry Centre Districts in Finland for which forest statistical data is provided. See Appendix 2 for Id-codes.
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Figure 17. Map of coniferous forest in France, based on national forest statistics calibrated using
93 NUTS level-3 polygons.

Figure 18.Map of broadleaved forest in Italy, based on national forest statistics calibrated using 21
NUTS level-2 polygons.
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Therefore, the calibration process was applied at the national scale. The other nine EU
countries (Austria, Denmark, France, Finland, Germany, ltaly, Spain and the UK)
provided OWL statistics at the regional level, or indicated that the data were not available,
or simply that OWL did not exist and the area was, therefore, zero. In general, central
European countries, such as Austria, Denmark, Germany and Luxembourg reported that
there was no OWL within these countries, as did the UK. Detailed OWL statistics at the
NUTS level-2 were provided by France, Finland, Italy and Spain.

The result of the calibration at the national level and the differences to the AVHHR
image can be seen in Figure 19. In all but one case, the percentage of OWL of the total
land area is higher in the AVHRR image-derived estimates than in the statistics. This is
most obvious for Portugal. In Sweden, however, the percentage of OWL in the
EUROSTAT statistics is nearly 9%; in the AVHRR image it is only 2%.

40

B Statistics
AVHRR classification
30 || O Calibrated classification

AHHTTn

D A ﬂ,lvﬂ

Belgium Greece Ireland Netherlands Portugal Sweden

Figure 19. Comparison of EUROSTAT statistics on OWL, OWL cover estimates derived from the
AVHRR mosaic, and the calibrated results in seven European countries for OWL at the country
level (NUTS level-0).

Figures 20 and 21 show the results after applying the calibration procedure at the more
detailed NUTS level-2. The statistics and the proportion of OWL provided by the
EUROSTAT statistics and derived from the AVHRR image vary considerably. In Finland,
the OWL class is under-represented in the AVHRR image; this is especially the case in
Northern Finland. The statistics report 16% of OWL whilst the image estimate is only 2%.
In Italy, OWL is generally overestimated although there are considerable differences
between the northern and southern regions of Italy (Figure 21). In Northern lItaly, the
OWL statistics reported to EUROSTAT are generally higher, although in central and
southern regions the estimates derived from the AVHRR image exceed those of the
statistics.
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Figure 20. Comparison of EUROSTAT statistics on OWL, OWL cover estimates derived from the
AVHRR mosaic, and the calibrated results for Finland for OWL at NUTS level-2.
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Figure 21.Comparison of EUROSTAT statistics on OWL, OWL cover estimates derived from the
AVHRR mosaic, and the calibrated results for Italy for OWL at NUTS level-2.

4.5 OWL calibrated to match the national statistics

For Finland, the estimate percentages of OWL derived from the AVHRR images matched
well with the national statistics, with the exception of the northern part of Finland (Figure
22). In the north, the AVHRR image shows considerably lower proportions of OWL than

reported in the national statistics.
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Figure 22. Comparison of the percentage of OWL according to the national statistics of Finland
and the AVHRR image data at the NUTS level-3.

In the case of the Italian national forest statistics with regard to OWL, it proved too
difficult a task to extract OWL from the available national forest statistics, largely because
OWL is reported in a number of different nationally used classifications of forest land.
The comparison of the AVHRR image-derived estimates and the national statistics in Italy
showed considerable differences for OWL, the image showing greater proportions of
OWL. An interesting observation in this context, is that for OWL, the national inventory
statistics report lower amounts of OWL (1.7 million ha) in comparison with those of
EUROSTAT (3 million ha). The higher figures of OWL in the EUROSTAT statistics may

be due to the possible inclusion of estimates of areas that are in the state of being naturally
afforested (e.g. on abandoned pastures and fields that are no longer under management),
and which have the characteristics of OWL.

4.6 Comparison of results to the CORINE classification

When looking at the EU-15 and comparing the area of forest as derived from the original
AVHRR image (AVHRR classification), the calibrated data set and the CORINE, the
original AVHRR image estimates of forest proportion are lower than those of the
CORINE for seven of the countries. It is notably lower for France, Spain, Italy and
Portugal, and notably higher in Finland, the UK and Ireland (Figure 23; see also Hame et
al., in press). In France, Portugal and Spain the CORINE is closer to the statistics than the
original AVHRR image.
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Figure 23. Estimates of forest area for the EU-15 as derived from the CORINE Land Cover, the
uncalibrated AVHRR classification and the calibrated AVHRR image data.
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Figure 24.Estimates of forest area for the 22 NUTS level-2 areas of France as derived from the
CORINE Land Cover, the uncalibrated AVHRR classification and the calibrated AVHRR image
data.
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Taking France as an example, and looking at the estimates of forest for each of the 22
polygons at NUTS level-2 areas, all but four of the areas possess lower estimates derived
from the uncalibrated AVHRR image than from the CORINE. The most notable
overestimation occurs for the island of Corsica (Figure 24).

In fact, if Corsica is taken out as a case study, and the breakdown of forest into
broadleaved, conifer and mixed woodland is studied for Corsica alone, the AVHRR
image, without calibration, tends to give rise to an overestimate for coniferous woodland
(both compared with the official statistics and the CORINE) (Figure 25). For broadleaved
forest the AVHRR image-derived estimates are higher than for the CORINE, but there is a
slight underestimate when compared with the calibrated data set (Figure 26). The figures
for mixed woodland show corresponding results for the CORINE and the AVHRR image-
derived estimates (Figure 27), but the calibrated data set is considerably lower. Therefore,
it would appear that the general overestimation stems from an overestimation of the
coniferous woodland, as derived from the AVHRR data, or, as is also possible, an
underestimation for coniferous woodland in the CORINE database. This is of course true,
providing that one accepts the reliability of the national statistical data. It is also
interesting to note that the official statistical data gives a very low estimate for mixed
woodland, whilst those directly derived from the AVHRR image and from the CORINE
are almost identical.
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Figure 25. Estimates of coniferous forest area for the 22 NUTS level-2 areas of France as derived
from the CORINE Land Cover, the uncalibrated AVHRR classification and the calibrated AVHRR
image data.
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Figure 26.Estimates of broadleaved forest area for the 22 NUTS level-2 areas of France as derived
from the CORINE Land Cover, the uncalibrated AVHRR classification and the calibrated AVHRR
image data.
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Figure 27.Estimates of mixed forest area for the 22 NUTS level-2 areas of France as derived from the
CORINE Land Cover, the uncalibrated AVHRR classification and the calibrated AVHRR image data.



Results 53

The original AVHRR classification greatly overestimated the OWL class in Corsica,
Languedoc and Provence, compared with the CORINE data, but overestimated it as much
when compared with the calibrated results (and statistics). This problem, occurring also in
some other parts of Europe, refers to the problems in having common nomenclature
between field inventories and the aggregated CORINE classification.

The spatial distribution of these discrepancies between the CORINE database and the
uncalibrated and calibrated AVHRR database is illustrated for an example extracted from
France in Figure 28.
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Figure 28. Extract of the uncalibrated (above) and calibrated (below) forest AVHRR database for
France and the CORINE forest polygons.
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It can be seen that under the CORINE forest polygons (hatched), the AVHRR forest
proportions vary from 0—75% to 0-90% for the uncalibrated and calibrated image data,
respectively. Similarly, outside the CORINE polygons in the so-called non-forest land,
there appears to be areas with low forest cover according to the AVHRR derived forest
proportion database.



5 Conclusion and Discussion

In relation to the AVHRR image-derived estimates, errors can arise from the mosaicking
procedure, seasonal effects in the imagery, atmospheric correction (or the lack of it) and
mis-registration of the mosaic. For example, on the coastline, the NUTS boundaries did
not always coincide completely with that of the AVHRR image coastline, thus introducing
mis-registration errors. This occurred in the case of the Aland Islands in Finland. In
addition, the borderline-pixels between individual polygons were found to belong to one,
or both of the neighbouring polygons (overlapping pixels), or to neither of the polygons
(missing pixels). The overlapping pixels were assigned to only one polygon when merging
the grids. Missing pixels were replaced from the original proportion images or were
interpolated from neighbouring pixels.

There are also errors, which are introduced when clustering the AVHRR image data,
extracting the ground data and assigning the percentage presence of each target class
within each pixel (see also Hame et, ah press). Some of the most fundamental
considerations relate to the quality of the image data and the procedures used to process
them.

Despite the processing of 49 AVHRR images to produce the image mosaic for the entire
European area, the presence of cloud covered areas clearly reduced the precision of the
estimated forest proportions. Over the Mediterranean countries and Southern Europe
cloud cover was insignificant. However, in Austria, Germany and over the Alpine and
Pyrenean mountain ranges, the ‘no data pixels’ (clouds, snow) were assigned with a label
‘nodata’ thus eliminating such pixels from further processing. This probably resulted in an
underestimation of the forest area in the mountainous regions. An appropriate method to
improve this situation could be to apply for example the CORINE raster or an elevation
raster assigning ‘no data pixels’ to ‘nodata’ (clouds) or ‘zero’ (glaciers).

The spectral clustering of the mosaic uses a procedure whereby the searehfor 2
‘homogeneous’ pixel squares tends to favour the selection of forest pixels, especially in
areas of uniform coniferous woodland. This is because such forests possess a low
reflectance and a high spatial homogeneity. As a consequence, the pixel groups accepted
for the clustering process are biased towards forest cover, and not evenly distributed
across all the land cover types present. Likewise, if OWL is considered to be inherently
heterogeneous, it is likely that such cover types have been excluded from the clustering
procedure, or at least under-represented.

CORINE Land Cover database was used to assign a forest proportion (or other land
cover proportion) to the AVHRR pixel clusters. It must be remembered that the database
does not represent the entire European area, and in fact, is very limited in terms of its
coverage in the boreal zone.

One of the main considerations in any satellite-based forest assessment is that of dealing
with the fact that there is a fundamental difference between ‘forest’ as observed on the
ground (i.e. in ground-based inventories), and ‘forest’ as interpreted from the spectral
response of vegetation cover recorded by satellite-borne sensors. Obviously satellite data
cannot distinguish between different land use types. For example, ground inventories
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regard ‘temporarily unstocked areas’ as forest (UN, 2000), but classification procedures
applied to satellite data may assign hay fields, pasture lands and clear cut areas to the
same output class. Following on from this, is the consideration of nomenclature. Although
the EUROSTAT statistics use the same nomenclature for forest and other wooded classes
based on the definitions used in the UN-ECE/FAO-1990 Temperate and Boreal Forest
Resources Assessment (UN, 1992), the individual countries collect their inventory data
according to their own developed procedures and definitions. These procedures and
definitions may vary considerably to those used by the international reporting bodies. In
this study, the three sample countries (Finland, France and ltaly) illustrate this problem
very clearly, not least for the categories of ‘mixed’ and ‘OWL’'. The collection of
information on ‘OWL’ on the ground is generally not carried out, but often comprises an
amalgamation of various classes at the national level. Furthermore, the rather vague
definitions of ‘forest’ in the CORINE nomenclature, together with the fact that the
database has been generalised, and is not validated, render the CORINE less than ideal as
the reference database. It was selected as such, in the absence of any other suitable
reference material for the geographical area under consideration.

The national forest statistical data used for calibrating the proportion estimates also
have to be accepted with reservations. It should be kept in mind that not only do the
ground-based statistical data relate to a number of years over which the data were
collected, but also that there is a time difference between the statistical data collection and
that of the acquired satellite data. The timing and the frequency of national forest
inventories are quite different between countries. For example, the reference year is 1983
for the Netherlands, and 1995 for France. However, the forest cover is not subject to
considerable change in the EU countries.

The reservations described above refer mainly to the technical problems related to the
data. More harmonised nomenclature, better ground data and more cloud-free satellite
data would yield better results. The methodology proved to be applicable in combining
two independent data sources to one value-added product. It is currently being used in a
project to complete the forest map of Europe at the regional/province level.
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Appendix 1. Eurostat Forest Statistics

Wooded area (1000 ha) by region (NUTS level-2), 1995

NUTS 0 Year Forest Other Total
NUTS 1 land wooded
NUTS 2 land
Belgium 1982-1993 667 9 676
Rég. Buxelles-Cap. 1993 N/A N/A 2
Vlaams Gewest 1982-1992 N/A N/A 144
Antwerpen 1982-1992 N/A N/A 30
Limburg (b) 1982-1992 N/A N/A 31
Oost-Vlaanderen 1982-1992 N/A N/A 17
Vlaams Brabant 1982-1992 N/A N/A 58
West-Vlaanderen 1982-1992 N/A N/A 7
Région Wallonne 1983 N/A N/A 531
Brabant Wallon 1983 N/A N/A 52
Hainaut 1983 N/A N/A 42
Liége 1983 N/A N/A 104
Luxembourg (b) 1983 N/A N/A 212
Namur 1983 N/A N/A 122
Denmark 1990 417 Nil 417
Kgbenhavn og Frederiks-
berg kommuner
Kgbenhavns amt 1990 4 Nil 4
Frederiksborg amt 1990 19 Nil 19
Roskilde amt 1990 9 Nil 9
Vestsjeellands amt 1990 27 Nil 27
Storstrgms amt 1990 35 Nil 35
Bornholms amt 1990 10 Nil 10
Fyns amt 1990 28 Nil 28
Sgnderjyllands amt 1990 26 Nil 26
Ribe amt 1990 29 Nil 29
Vejle amt 1990 34 Nil 34
Ringkaping amt 1990 48 Nil 48
Arhus amt 1990 59 Nil 59
Viborg amt 1990 40 Nil 40
Nordjyllands amt 1990 49 Nil 49
Germany 1995 10741 Nil 10741
Baden-Wiirttenberg 1995 1353 Nil 1353
Bayern 1995 2526 Nil 2526
Berlin 1995 16 Nil 16



60 Combining Earth Observation Data and Forest Statistics

NUTS 0 Year Forest Other Total
NUTS 1 land wooded
NUTS 2 land
Bremen 1995 Nil Nil Nil
Hamburg 1995 3 Nil 3
Hessen 1995 870 Nil 870
Mecklenburg-Vorpommen 1995 532 Nil 532
Niedersachsen 1995 1068 Nil 1068
Nordhein-Westfalen 1995 873 Nil 873
Rheinland-Pfalz 1995 813 Nil 813
Saarland 1995 90 Nil 90
Sachsen 1995 502 Nil 502
Sachsen-Anhalt 1995 424 Nil 424
Schleswig-Holstein 1995 155 Nil 155
Thuringen 1995 523 Nil 523
Greece 1995 3359 3154 6513
\oreia Ellada 1995 N/A N/A 2794
Anatoliki Makedonia, Thraki 1995 N/A N/A 849
Kentriki Makedonia 1995 N/A N/A 916
Dytiki Makedonia 1995 N/A N/A 385
Thessalia 1995 N/A N/A 644
Kentriki Ellada 1995 N/A N/A 2927
Ipeiros 1995 N/A N/A 518
lonia Nisia 1995 N/A N/A 107
Dytiki Ellada 1995 N/A N/A 565
Sterea Ellada 1995 N/A N/A 988
Peloponnisos 1995 N/A N/A 749
Attiki 1995 N/A N/A 162
Nisia Aigaiou, Kriti 1995 N/A N/A 630
Voreio Aigaio 1995 N/A N/A 197
Notio Aigaio 1995 N/A N/A 189
Kriti 1995 N/A N/A 244
Spain 1986-1996 10662 15322 25984
Noroeste 1987-1988 1431 1527 2958
Galicia 1987 949 1019 1968
Principado de Asturias 1988 326 341 667
Cantabria 1988 156 167 323
Noreste 1988-1996 1816 1956 3772
Pais Vasco 1996 360 109 469
Comunidad Foral de Navarra 1988 344 185 529
La Rioja 1988 119 176 295
Aragon 1994 993 1486 2479
Comunidad de Madrid 1990 154 239 393
Centro (E) 1990-1994 3464 6805 10269
Castillay Ledn 1991-1992 1585 2931 4516
Castilla-la Mancha 1993-1994 1139 2335 3474
Extremadura 1990-1991 740 1539 2279



Appendix 1. Eurostat forest statistics 61

NUTS 0 Year Forest Other Total
NUTS 1 land wooded
NUTS 2 land
Este 1986-1994 1867 1408 3275
Catalufia 1989-1990 1265 591 1856
Comunidad Valenciana 1991-1994 493 722 1215
Islas Balearas 1986 109 95 204
Sur 1986-1995 1835 2996 4831
Andalucia 1986-1995 1646 2679 4325
Region de Murcia 1986 189 317 506
Ceuta y Melilla N/A Nil Nil Nil
Canarias 1992 95 391 486
France 1995 15034 1840 16874
Tle de France 1995 279 10 289
Bassin Parisien 1995 3346 135 3481
Champagne-Ardenne 1995 709 13 722
Picardie 1995 348 18 366
Haute-Normandie 1995 223 8 231
Centre 1995 940 48 988
Basse-Normandie 1995 156 9 165
Bourgogne 1995 970 39 1009
Nord-Pas-De-Calais 1995 119 6 125
Est 1995 1908 41 1949
Lorraine 1995 874 18 892
Alsace 1995 318 9 327
Franche.Comté 1995 716 14 730
Ouest 1995 1028 116 1144
Pays de la Loire 1995 342 16 358
Bretagne 1995 297 71 368
Poitou-Charentes 1995 389 29 418
Sud-Ouest 1995 3540 335 3875
Aquitaine 1995 1786 137 1923
Midi-Pyrénées 1995 1189 169 1358
Limousin 1995 565 29 594
Centre-Est 1995 2281 307 2588
Rhoéne-Alpes 1995 1621 238 1859
Auvergne 1995 660 69 729
Méditerranée 1995 2533 890 3423
Languedoc-Roussillon 1995 961 415 1376
Provence-Alpes-Cote d’Azur 1995 1323 293 1616
Corse 1995 249 182 431
Départements d’outre-mer 1995 N/A N/A 7728
Ireland 1995 570 36 606
Border 1995 N/A N/A N/A
Dublin 1995 N/A N/A N/A
Mid-East 1995 N/A N/A N/A

Midland 1995 N/A N/A N/A
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NUTS 0 Year Forest Other Total
NUTS 1 land wooded
NUTS 2 land
Mid-West 1995 N/A N/A N/A
South-East (IRL) 1995 N/A N/A N/A
South-West (IRL) 1995 N/A N/A N/A
West 1995 N/A N/A N/A
Italy 1995 6821 3036 9857
Nord Ovest 1995 1031 459 1490
Piemonte 1995 665 296 961
Valle d’Aosta 1995 78 35 113
Liguria 1995 288 128 416
Lombardia 1995 494 220 714
Nord Est 1995 1289 574 1863
Trentino-Alto Adige 1995 633 282 915
Veneto 1995 472 210 682
Friuli-Venezia Giulia 1995 184 82 266
Emilia-Romagna 1995 403 179 582
Centro (1) 1995 1314 584 1898
Toscana 1995 891 396 1287
Umbria 1995 263 117 380
Marche 1995 160 71 231
Lazio 1995 382 170 552
Abruzzo-Molise 1995 297 133 430
Abruzzo 1995 226 101 327
Molise 1995 71 32 103
Campania 1995 289 129 418
Sud 1995 788 351 1139
Puglia 1995 116 52 168
Basilicata 1995 192 85 277
Calabria 1995 480 214 694
Sicilia 1995 219 97 316
Sardegna 1995 514 229 743
Luxembourg 1995 89 Nil 89
Netherlands 1983 334 50 384
Noord-Nederland 1983 41 N/A N/A
Groningen 1983 3 N/A N/A
Friesland 1983 10 N/A N/A
Drenthe 1983 29 N/A N/A
Oost-Nederland 1983 146 N/A N/A
Overijssel 1983 40 N/A N/A
Gelderland 1983 96 N/A N/A
Flevoland 1983 10 N/A N/A
West-Nederland 1983 40 N/A N/A
Utrecht 1983 20 N/A N/A
Noord-Holland 1983 11 N/A N/A
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NUTS 0 Year Forest Other Total
NUTS 1 land wooded
NUTS 2 land
Zuid-Holland 1983 6 N/A N/A
Zeeland 1983 3 N/A N/A
Zuid-Nederland 1983 107 N/A N/A
Noord-Brabant 1983 74 N/A N/A
Limburg (NL) 1983 33 N/A N/A
Austria 1995 3877 Nil 3877
Ostdsterreich N/A Nil N/A
Burgenland 127* Nil 127*
Niederosterreich 748* Nil 748*
Wien 10* Nil 10*
Sudosterreich N/A Nil N/A
Karnten 572* Nil 572*
Steiermark 989* Nil 989*
Westosterreich N/A Nil N/A
Oberdsterreich 487* Nil 487*
Salzburg 356* Nil 356*
Tirol 500* Nil 500*
Voralberg 90* Nil 90*
Portugal 1985 2755 347 3102
Continente 1985 N/A N/A 3102
Norte 1985 N/A N/A 589
Centro (P) 1985 N/A N/A 964
Lisboa e Vale do Tejo 1985 N/A N/A 423
Alentejo 1985 N/A N/A 1060
Algarve 1985 N/A N/A 66
Acores 1985 N/A N/A N/A
Madeira 1985 N/A N/A N/A
Finland 1995 20032 2971 23003
Manner-Suomi 1995 19975 2950 22925
Uusimaa 1995 562 38 600
Etela-Suomi 1995 3492 143 3635
Ita-Suomi 1995 5577 378 5955
Véli-Suomi 1995 3044 186 3230
Pohjois-Suomi 1995 7301 2205 9506
Ahvenanmaa/Aland 1995 73 20 93
Sweden 1992-1994 24425 3582 28007
Stockholm 1992-1994 N/A N/A 369
Ostra Mellansverige 1992-1994 N/A N/A 2469
Smaéland med 6arna 1992-1994 N/A N/A 2430
Sydsverige 1992-1994 N/A N/A 614
Vastsverige 1992-1994 N/A N/A 1832
Norra Mellansverige 1992-1994 N/A N/A 5242
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NUTS 0 Year Forest Other Total

NUTS 1 land wooded
NUTS 2 land

Mellersta Norrland 1992-1994 N/A N/A 5228
Ovre Norrland 1992-1994 N/A N/A 9841

United Kingdom 1995 2469 Nil 2469
North 1995 154 Nil 154
Yorkshire and Humberside 1995 88 Nil 88
East Midlands 1995 70 Nil 70
East Anglia 1995 80 Nil 80
South East (UK) 1995 295 Nil 295
South West (UK) 1995 181 Nil 181
West Midlands 1995 82 Nil 82
North West (UK) 1995 26 Nil 26
Wales 1995 247 Nil 247
Scotland 1995 1167 Nil 1167
Northern Ireland 1995 79 Nil 79

Source:

EUROSTAT, 1998. Forestry statistics 1992-1996. Statistical document. 5C. European
Communities, 1998. Luxembourg.148 p.

*Austria (Data source): K.Schieler,R. Buechsenmeister, K. Schadauer , 1995. Osterreichische
Forstinventur Ergebnisse 1986/90 Berichte 92/1995 FBVA.



Appendix 2. Finland after Digitisation

Figure 1. Left: Finland and NUTS 3 regions.
Right: Finland and Forestry centre districts.

Number Definition NUTS-id New id
0 Ahvenanmaa FI2 FI2

1 Rannikko » Fl11

2 Lounais-Suomi } Newly-digitise F1122
3 Hame-Uusimaa F_’ FI125
4 Kymi F1126 + FI127 Fl127
5 Pirkanmaa Fl124 Fl124
6 Etela-Savo FI131 F1131
7 Etela-Pohjanmaa Fl142 + Fl144 Fl144
8 Keski-Suomi Fl141 Fl141
9 Pohjois-Savo Fl132 Fl132
10 Pohjois-Karjala FI133 FI133
11 Kainuu F1134 F1134
12 Pohjois-Pohjanmaa  FI151 FI151

13 Lappi F1152 FI152






Appendix 3. National Forest Statistics as Input Data for the Calibration Process

1) Finland

Data from FFRI, 1998.

Tree species dominance on forest land, 1988-1997

% of forest land area

Forestry centre Inventory [ Forest land| Treeless Coniferous Broadleaves

(1000 ha) Pine Spruce| Other | Total arep Total Silver| Downy| Asper] Alder] Other| Totalarea  Tot

(1000 ha)| birch birch (1000 ha
Whole country 1986-199] 20085 115 64.8 25.1 0.1y 18076.9 90.0 1.9 59 0. 0.4 0L 17273 8.6
0-10 Southern Finland |1986-1997 11119 1l6 56.8 32.8 0.1 9973.1 89.7] 3.3 4.3 0.4 0.6 of 967(4 8.7
11-13 Northern Finland |1992-1994 896p 114 74.8 135 0.1 8105.3 90.4 0.2 7.4 0.2 0.0 0p 7352 8.2

0.0 0.4
0 Ahvenanmaa 1986 73 1. 67.J7 16/5 0.0 61.5 84.2 6.3 3.7 1.] 2.8 07 10{3 14.1
1 Rannikko 1986, 1991 85B 114 529 3.1 0.1 760.4 89.1 2.3 5.9 0.4 11 0p 81|19 9.6
Helsinki 1984 37§ 0.9 500 40}6 0.1 342.4 90.7] 3.7 2.7 0.4 1y 0B 31|18 8.4
Pohjanmaa| 1991 47 1.9 55.2 32|14 0.1 417.5 87.7 1.3 8.1 0.4 0.6 0p 49(5 10.4
2 Lounais-Suomi 1986-198] 101p 11 598 331 0.1 947.1 93.0 1.4 3.4 0.4 0.4 of 61|1 6.0
3 Hame-Uusimaa 1986-198] 938 1l6 36{0 54.0 0.2 846.1 90.2 2.7, 4.1 0.7 0.6 0p 76/0 8.1
4 Kymi 1986-198] i 144 577 33.6 0.1 710.2 91.4 2.4 3.3 0.4 1.0 0L 55(9 7.2
5 Pirkanmaa 1987 944 1.8 508 40|8 0.1 860.9 91.2 2.0 4.2 0. 0.2 0p 66|1 7.0
6 Etela-Savo 1988 1203 18 5219 359 0.1 1068.6 88.9 3.5 4.9 0.2 0.6 0p 109}4 9.1
7 Etela-Pohjanmaa 1997 1274 1B 7752 1317 0.0 1158.1 90.9 0.8 6.4 0.3 0.2 0p 1006 7.9
8 Keski-Suomi 19964 1333 1y 59J0 3010 0.1 1186.9 89.1 4.0 4.4 0. 0.4 0p 123|9 9.3
9 Pohjois-Savo 1996 130 2.p 4714 36|18 0.3 1106.1 84.5 5.3 6.4 0.4 0.9 of 175|4 13.4
10 Pohjois-Karjala 1988-198 1399 118 65,4 249 0.2 1266.1 90.5 2.3 4.9 0.1 0.y of 109|1 7.8

0.0 0.4
11 Kainuu 1992 166 16 764 1414 0.3 1512.3 91.1 0.2 6.7 0.2 0.1 0p 1195 7.2
12 Pohjois-Pohjanmaa |1992-199 235D 13 74.2 139 0.1 2072.1 88.2 0.5 9.4 0.2 0.0 0p 246(8 10.5
13 Lappi 1992-1994 495p 113 745 16.8 0.0j 4521.4 91.3 0.1 7.4 0.] 0.p 0.0 366{4 7.4
Southern part| 1993-1994 418B 15 719 19.4 0.0 3823.64 91.3 0.1 6.4 0.2 0.0 0p 2973 7.1
Enontekid, Utsjoki,Inari (1992, 1994 764 0f0 88,8 4.1 0.0 694.9 90.9 0.0 9.1 0. 0.0 0p 69|5 9.1




2) France

Data from Ministére de I'Agriculture, de la Péche et de I'Alimentation, 1997; based on the Enquéte “Utilisation du TEERIIEl,

1995.

Woods and forests Wooded area outside the forest Poplars
County/region Broadleave§ Conifers Mixed Total Woodland Isolated Total Full poplar  Associated Total Overall
trees plantations poplar total
plantations
1000 ha

Petite Couronne 712 0.2 1.4 .1 B.1 4.2 116
Seine-et-Marne 1247 8.7 A 13B.5 3.1 25 55 35 0.6 4.1 143.2
Yvelines 63. 4.0 08 686 23 3.6 b.9 D.8 0.2 1 15.4
Essonne 390 0|1 1.4 40.5 1.6 .7 3.4 0.6 0.2 0.7 44.6
Val-d'Oise 23.1 0.1 23[1 17 3.8 5.5 D.7 0.2 0.9 29.5
lle de France 257.8 9.p 55 2731 9.8 14.7 24.5 5.6 1.1 6.7 304.3
Ardennes 1097 23|14 28 13%.9 B.7 3.8 7.5 3.4 0.1 35 146.8
Aube 123.¢ 11.p 10/6 145.9 3.7 1 B.7 1.9 0.2 5.1 164.8
Marne 129.9 16.11 2[9 144.9 3.5 7 B.2 2.7 0.6 13.3 165.4
Haute-Marne 22218 231 10.4 25p.3 u.7 1.7 6.3 1.6 1.6 264.2
Champagne-Ardenne 586.p 74]1 26.7 686.9 1B.6 7.2 20.8 p2.5 0.9 23.4 r31.2
Aisne 126. 6.4 1p 133|6 6 3.2 h.2 h.6 0.1 14.8 167.5
Oise 121.2 5B 11 1281 4.6 2.3 1.8 6.6 6.6 189.6
Somme 55.9 25 0[8 59.2 4.3 .3 1D.6 5.8 1.5 7.4 77.2
Picardie 303.7 14.6 3.0 320}9 14.8 11.8 2R.7 7.1 1.6 P8.7 374.3
Eure 105.1 11.0 718 123.8 1.7 .8 P.5 1.6 0.3 1.9 128.3
Seine-Maritime 88.6 6]7 148 97.0 2.1 B.3 10.4 0.4 0.1 0.5 107.9
Haute-Normandie 193. 17.f 96 22019 3.8 1 1p.9 2 0.4 2.4 2p6.2
Cher 142.4 13 13|9 1740.0 4 .3 P.3 3.8 0.3 4.1 183.4
Eure-et-Loir 66.5 1.6 0J7 6818 3.6 5.7 D.3 1.9 0.6 2.5 B0.6
Indre 107.1 6.8 30 116{9 2.8 19.4 2p.2 3.4 3.4 112.5
Indre-et-Loire 109.p 33§13 158 158.7 B.2 6.3 9.5 9.5 0.3 9.8 178
Loir-et-Cher 168.6 3047 15|12 214.4 P.9 B.7 11.6 4.7 0.3 5 231
Loiret 138.7 28.8 18.0 1855 3.1 3.9 y.1 P.3 2.3 194.9

SoNsNe]S 18104 pue eleq uoleAlasqQ yue Buluiquiod 89



Appendix 3. National Forest Statistics... France 69

G9 L'C L0 4 m.mﬁ €7 €8 ope T[¢ 08 g€c S9PUBA
Z'eer 4] 90 9's 79 €qr 9 L'pTT Zl6 g[ve 499 syues
g'eq T¢ €0 8T Sar 69 97 6°pr Lle e qve auuakey
5601 8'0T| S0 €01 Tor 7'qr L 9f €0t VLT §vS al107-19-8ule N
116 '€ L0 S'C L'9E 9'9¢ T0T €S 0/ /0T 9'.€ anbpuepy-a4107
2194 9'€ 10 S'E Z'Sy 2’8 692 SETL TlEy €[6ST ‘0TS 9Jwod-ayouely

6'SE 80 ¥ € TRC Sle 8[¢ q8T Hojjeg ap aJiojusL
T'evd 97 91 9¢T 874 €8 0'6fc 74T €907 €1002 auges-aineH
L°6S¢ LT T0 971 LS v/ o €Eve 86T oes 4691 eing

Scge €0 €0 19T T'9 o} TPp1C S|L e/8 12T sgnog
T'Ece L'C 90 1¢C A4 611 [AL Z'P1e 6101 V1T 1197 90es|y
rAVAZ % 90 20 0 L9 S'g 4 6'pET Z|8T ov 18 ulyy-iney
98T T¢C ¥7'0 LT S/ 7' 9 €91 e] 144 g[€L 66 ulyy-seq
€'L16 'S S0 61 24y 4l X4 3124 1[898 109 P S6T 7' €19 aureno’
CWAR: 90 Z0 ¥'0 8'€l 19 8"/ Z2'g0€ SEE 8|9TT qest sabson
A ) 80 2’0 9'0 VT 0T 14 9KLT 9|TT q9¢ 4'vCT 9||IssoiN
WA/ 4 € 10 6'¢C L9 9'd Tr L'yree T|L VALY §90¢ asnaiN
8 V9l T T 9'8 L'C 69| ¢'95T 64 S'BT 818¢T 9|[3SOIN-19-3yLIN3N
TVveEL cl T 11 8'ElL v/ 14 ¢80T T|T Z|T q'S0T Sle[e)-3p-Sed-pION
6'79 8y L0 1% 8'6 S 8’ 7'ds 4 €p 6167 slejed-sp-sed

T'69 [l £q 69 Ty |44 oIt 8[,S g0 60 D'9S pJON
T°'0edT 9'CT 7'0 44 766 L€ £4C 1856 2loc 9LTT ‘028 aubobinog
S'TYC S'e S'€ 19 LT v'E 6ee 6/S gT1T 'S0C SUUOA
0ce LY fAl] Sy €14 T9 'S 6°¢6T € gye €19GT 91107-19-auQes
9¢e L0 T0 90 eqr 07 E Tlete qT ey £'89T SIARIN
9¢s 8'¢ T0 L€ L'6f 26 S'QT 2'6C€ 516 9(62 1062 10,p-3190
1’861 LY 10 9’y [44 9'T¢ 7 Or 6 15T TIT el 44 81T Slpuew.IoN-asseg

6°2QT 971 97 AT 1T 8'F €les 29 ?LT £'G9 e}
1'89 TT TT 89T L'yT T ¢ Z[T e 49T SYoueiN
JAYAS T¢C T0 Z 1'8 9'g S'¢ S'Ey 415 S[C g9¢ SOpeAled
€0T0T 1,2 ST 9'G¢ 6'80 114 L'6T €16 G[99 G vTT 5'CEL 21us)

ey 000T
suonejueld
[eol reidod suonejueld saal)
NEIENe) [elol parepossy Jejdod N4 [elol paleos|  pue|poo [elol paxiA SIajuo)  [sanes|peold uoibai/fiuno)d
srejdod 1S210} B} SPISINO BaJe PIPOO S1S910} pue SPOOA\




70 Combining Earth Observation Data and Forest Statistics

9'08] S0 S0 9'GY S'6[ T'9 SHST 0B qfre 0[8TT SuudIA-aINeH
19T S0 S0 €Te Ayl 6'9 414" SE olov AT0T asnai
€184 60 20 1.0 T'E¢ Z'qr 6/ 7'$9¢ 9EC T{8. J'T9T 9231100
¥'8GET 9'GT 8T 8'ET G'/9T 9'8DT 6'89 €ELTT 2Ly vl 4'G86 S93UBIAJ-IPIN
1'¢8 A% A% et €L 9N €99 4 6'g 21e9 suuoleo-le-ulel
6°94T 60 60 8'gt aqT L'y ¢St 4 9'Ge D'OTT ulel
8€T ¥'0 TO €0 v'ET 66 9'€ et 91 6'qc L'68 S99UIA4-saeH
Tee LT 20 ST 7' T4 8'el 9/ 6461 0B L1 T[98T suuole9-1e-107
Teqr 9'¢ 9'€ LT SOT 42 8los T A€ ‘9L SIED]
8'GET 9¢C S0 ¥4 §'24 st €/ LqQrT 9’ 4] 6186 suuole9-smneH
G'G8E €71 80 S0 T S'qQe 94T T18EC yAVA q0ov ‘68T uolheny
€9TE L0 20 S'0) ST A o] T[L0C 6[TT qee 1'GoT abauy
EVI6T 8'/C] ST €91 6'9¢T 8L T'¢S S6SLT 966 §2e0t £'.29 aureynby
9'TEC €¢ €C 8'.¢€ 6'G| 6'TT S'T6T T T'g 'y8T sanbnuepy-sagualid
9€T L8 TO 98 St T6 €9 8411 €D glgs Z[TS suuole9-1e-107
5609 T8 fAl] 6’V 69 t) 8'q '18S 9L C|E€TS 499 sapue]
ST S'S 20 €S 6'L¢ T9r 81T 0'88Y v[8T 7/86€ {1 |puolo
8'STH 29 T Z'S 8'64 Sof €T 8'6.LE 0'E9 8|29 [0 414 aufoplog
691 G'0¢] '€ T'/L1 Ll 667 T1'AC S1.E [41x4 Z[vS 1°06¢C Sajualeyd-noliod
8'var 6'S T 6| 2qr L0T 9B 1166 80T 48 ‘08 SUUBIA
9'GL €9 T [ 4 v'1¢ 8’9 LY 6'8Y 9r 144 6|t S8IARS-XNaQ
6°LT] €9 L0 9'S 7T 6'6 N 946 97 8'6¢ Z|€9 swnuepn-saleyn
L°0ST € 90 v'e V'24 Scl 8’6 7921 2Pt TIET 0[c0T aqualeyn
L€y L', L0 A T9FT 8'1.L €'vS 8'68¢ 1|91 198 LST aubelaig
6°6¢[T L0 L0 Ty A 14 6'¢T o6 98T 98€ ‘o ueyigioN
789 6'¢C Tq 84 20T 4] S T|ss 9L TeT 4% aure|in-18-3||
98 S0 T0 ¥'0 v'6g St 6'9T TPps L6 o[sT #'1€ EIONVE]
JATA 9'€ S0 '€ V' 6'SE 74T ,L'18 L' DT 9[6T g18 JOW.V,p-S8190
V&4sT 14 8'¢C ¢'¢d 6°L0T 2'6. L'8C S'BTE €lLc qS.L )°LTC 1107-e|-9p-shed
ey 000T
suonejueld
[elo} reidod suonejue|d saal
EIENYe) [elo]l pareossy Jeidod |In4 [elol pale|os|  pue|poopn [exol paxin Slajluo)  kanes|peolg uoiBal/funo)
siejdod 15210} dU} BPISINO BaJe PAPOO S1S810} pue SPOOAN




Appendix 3. National Forest Statistics... France 71

A4 20 20 S'of €9 ' S'EET See T|ov g0L asnjonep
¢'08g €0 fAl] TO0 Sqr € It 7109€ /68 9'60T B'TOT Ten
9'1CT S0 ¥'0 T0 2'0¢ el L 6°00T 7'qT 1’49 8T augyy-np-saydnog
S'v4e ST S L 6'¢cC €rs ¥|80T 429 sawneN-sadly
17261 T0 T0 8¢l 179 L9 8'gq.LT (04 TPIT PANRS sad|v-saineH
6°GEE S0 S0 80T 9 8’ L'VZE €09 S TyT 6°dET 80U8A0Id-8INeH ap sadly
T2eqr 90 9'0 219 T'6¢ T'e 296 /L'EOT 6/08¢2 9'G.S uo||Issnoy-oopanbuen
&44! 9'¢e L'V 6L 8’6 A% Lge L'¢9 S3[RIUBLO-SIJURIAL
8'Tge T0 T0 iyl €4 A A 244 L18¢ 6[TET €9 919207
8'0T¢ [ 20 S'TT 14 97 Tp6T 99T 99¢ SYT 1nelgH
1L'29¢ TO T0 9T 1'g S O'fve 9|0¢ nve 6°98T pre
A4 0 0 6/ S 6'¢ Z'P6T V|€E 14 HLTT apny
L'6¥) 14 L0 9'€ 8'8B 6'0S 64€ 9'PBS9 T[€8 1°08¢ '€6C aublanny
6'Ttd LT L'T 167 7’9 L' 0'1ee L'E TEOT €78 awog-ap-And
evq1 CTp 9°/ S'q T'¢8T ice Oo[vET 491 allo-a1neH
19T c'vE Sgr L°0T 8'DET S|vT g9¢ 196 [exued
9C4T 9'C 10 61 'ye VIEC T[T 9STT h'C B'OT €96 1911V
2'8ELlL ,L'0T €T 7’6 91T 8'6% S99 2’1197 08¢ 2|S2S 6'€08 sad|y-auoyy
1.7 €0 €0 704 cer L €dst oLy VS 0[¢S SloAes-alneH
T'90g 4 20 8T TEer G’/ g 0f6T elve 6T 378 slones
v'8 S0 Sq 8'q 9 8t BL 7|5 q1e 91 auQyy
6'vHYT ¥'0 T°0 €0 84T TE LY 8|TET iRy 6¢8 £'se 8ll07
T6Z > L0 v'e 6L 2'q L 0'pLe 1414 g'LL 9T 913s|
8'8¢E LT €0 7T VT 6 1T TETE T|0L g06 4'2ST aw.a
[ANN:14 T0 TO eof 1 'Y 08¢ TlLE L]€8 Q09T ayogply
6°91¢ L' L3 A1 L'TT G19 0]96T Q'6¢C £'9€ 6 0ET uly
6789 6'T ¢'0 LT 0L 167 6°'DC 0[€9S e 4'6VT £ 18€ uisnowi
By 000T
suoneued
[elo} reidod suonejue|d saan
IEIENYe) jelo]l parerossy Jeidod |in4 [exol pare|os|  pue|poopA [exol paxin SIayuo)  [sanes|peolg uoiBal/funo)
slejdod 15210} dU} SPISINO BaJe PAPOO S1S210} pue SPOOM




72 Combining Earth Observation Data and Forest Statistics

evesodt  9svz]  vTe | v 16T 78 1 7E9 7'4087T ZETET 6[8TTY $//€6 [ [e10) ‘9douel
S'TEE €0 ¢'0 10 G'ZB THT 789 L' BYC T|CT WA £'691 9SI0D
9'297 0 T0 TO 109 G'8 [ 4 LTT vy L€ 919, 9S10D-3IneH
6'891 10 T0 619 9'S 29K 6'9¢€T 9'L ,'BE 9|26 pnNS-np-asiod
T'60%T 9’7 90 T 1'G§ vy 144 2'qceT 9'y9¢C G|E8S Tvly linzy,p 8100-sad|y-2ouanold
suoneyue|d
[elo} reidod suonejue|d saal
|lelano [elol parepossy Jejdod |in4 felol palelos|  pue|poo felol paxiA SIgjuo)  [sanes|peolg uoiBbai/fiunod

siejdod

15210} dY} SPISINO Bale PIPOOA

S1S910} pue SPOOA\




3) ltaly

Data compiled from Ministero dell’Agricoltura e delle Foreste, 1988.

Land area (ha
Region Total land | Other land Total Total Mixed high | Total Special Other areas Total
area (remaining coniferous | broadleaved | coniferous/ formations | (without wood Forest]
land area) broadleaved vegetation)

Piemonte 2539894 1796494 95400 462400 24800 583300 13B600 22500 743400
Valle d'Aosta 326226 24162b6 48600 126p0 4500 65f00 13500 5400 44600

Lombardia 2385754 1787256 109800 347400 22500 479700 911800 27000 598500
Prov. Bolzano 740043 425048 20883:0 14400 23400 246600 47700 20700 315000
Prov. Trento 621789 26178B 197100 83700 14400 295200 48600 16200 360000
Veneto 1836384 1485389 111600 133300 18p00 262800 77400 10800 351000
Friuli V.G. 784510 49471 54900 102600 31500 189000 95400 5400 289800
Liguria 54179( 16739pD 34200 254700 8100 2970000 66600 10800 374400
Emilio Romagna 2212314 1757818 12600 3164900 14400 343800 8p800 47900 454500
Toscana 2299234 1316436 52200 726300 20Y00 799200 141300 42300 9182800
Umbria 845604 50900¢ 15300 256500 9900 281700 4%000 D900 336600

Marche 969354 745256 81Q0 1683p0 15300 191J700 24300 8100 224100

Lazio 1720274 1254074 9900 341100 4%00 355500 88700 27000 466200
Abruzzo 1079404 757200 8100 207000 12600 227700 86400 8100 392200
Molise 443764 31416¢ 27Q0 900p0 27100 95400 30600 8600 129600

Campania 1359534 980633 1800 263700 4800 270000 90000 18900 378900
Puglia 1934774 1785375 18900 75600 15300 109800 27000 12600 149400
Basilicata 999227 704927 90Q0 1692p0 6300 184p00 98100 11700 294300

Calabria 1508021 931127 73800 277200 36000 387000 168800 36100 5[76900
Sicilia 2570856 2304456 29700 130500 24800 184500 68400 13500 266400
Sardegna 2408981 1432487 13500 262400 16P00 293500 63P900 44100 976500
Italy, total 30127761 21452641 1116000 469600 329400 614{1600 2160900 372600 867510
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Appendix 4. EUROSTAT Forest Statistics, the AVHRR
Classification and the Calibrated Classification (in %)

For = forest land; Owl = other wooded land; Oth = other land).

NUTS Clas§ EUROSTAT| AVHRR Calibrated
statistics | classification | classification

Austria
AT11 Burgenland For| 32J0 258 315
AT11 Burgenland Oth 68.0 74.7 68.p
AT12 Niederdsterreich Fo 39.0 40.8 3p.2
AT12 Niederosterreich Oth 61.0 59.2 60.8
AT13 Wien For 24.1 211 23(7
AT13 Wien Oth 75.9 789 76.8
AT21 Karnten For 60.p 652 60.2
AT21 Kéarnten Oth 40.0 34.9 39.8
AT22 Steiermark For| 60{3 615 6Q.4
AT22 Steiermark Oth 39.7 38.5 39.6
AT31 Oberosterreich Fo 40.7 42.0 40.8
AT31 Oberdsterreich Oth 59.3 58.( 59.p
AT32 Salzburg For 4918 62|7 50.4
AT32 Salzburg Oth 50.2 37.3 49.6
AT33 Tirol For 39.5 55.7 40.4
AT33 Tirol Oth 60.5 443 59.6
AT34 Voralberg For 346 46]1 351
AT34 Voralberg Oth 65.4 53.9 64.9
Belgium
BEO Belguim For 21.p 18{9 2117
BEO Belgium owl 0. 3.1 0.8
BEO Belgium Oth 77.8 78.( 78.0
Denmark
DKO001 Kabenhavn og Frederiksberg kommunegr For 0.0 12.5 0.0
DKO001 Kabenhavn og Frederiksberg kommunérOth 100.0 87.1 100.p
DK002 Kgbenhavns amt For 1.7 19.4 B.1
DK002 Kgbenhavns amt Oth 92.3 80. 91.9
DKO003 Frederiksborg amt Fol 14.1 2p.8 m.7
DKO003 Frederiksborg amt Oth 85.9 77.2 85.8
DK004 Roskilde amt For 10(1 11.6 10.1
DKO004 Roskilde amt Oth 89.9 88.4 89.9
DKO005 Vestsjeellands amt Fqr .0 1p.7 9.1
DKO005 Vestsjeellands amt Oth 91.0 87.3 90.9
DKO006 Storstrgms amt Fol 10.3 11.1 10.3
DKO006 Storstrgms amt Oth 89.7 88.4 89.7
DK007 Bornholms amt Fo 1710 24.9 17.5
DKO007 Bornholms amt Oth 83.0 75.] 82.
DKO008 Fyns amt For 810 9f7 8.0
DKO008 Fyns amt Oth 92.0 90.3 92.0
DKO009 Sgnderjyllands amt Far 4.6 12.7 6.6
DKO009 Senderjyllands amt Oth 93.4 87.3 93.4
DKOOA Ribe amt For 9.8 116 93
DKOOA Ribe amt Oth 90.7 88.4 90.f
DKO00B Vejle amt For 118 18J0 114
DKO0OB Vejle amt Oth 88.7] 82.( 88.6
DKO0O0C Ringkgping amt Fol 9|9 11.9 9.9
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NUTS Clas§ EUROSTAT| AVHRR Calibrated
statistics | classification | classification

DKOOC Ringkeping amt Oth 90.1f 88.1 90.1
DKOOD Arhus amt For 129 180 13.2
DKOOD Arhus amt Oth 87.1] 82.( 86.8
DKOOE Viborg amt For 9.f 1116 97
DKOOE Viborg amt Oth 90.3 88.4 90.B
DKOOF Nordjyllands amt For 719 152 g.1
DKOOF Nordjyllands amt Oth 92.1 84.4 91.p
Finland
Fl11 Uusimaa For| 54{0 589 54.3
FI11 Uusimaa Oowl 3. 20 3|7
FI11 Uusimaa Oth 42.3 39.2 42.0
Fl12 Etela-Suomi For 60(0 63.9 60.5
Fl12 Etela-Suomi Ow] 2pb 1{9 215
Fl12 Etela-Suomi Oth 37.9 34.7 37.0
FI13 Ita-Suomi For 65.b 658 64.2
FI13 Itd-Suomi Owl 4.4 1) 44
FI13 Ita-Suomi Oth 30.1 32.4 30.¢
Fl14 Vali-Suomi For 65.p 66)7 65{2
Fl14 Vali-Suomi Owl 4. 2.0 40
Fl14 Vali-Suomi Oth 30.9 31.9 30.8
FI15 Pohjois-Suomi Fo 53|7 64.6 58.8
FI15 Pohjois-Suomi Oow| 16)2 2|0 14.2
FI15 Pohjois-Suomi Oth 30.1 31.9 30.p
FI2 Ahvenanmaa/Aland Fol 47.0 33.7 3B.6
FI2 Ahvenanmaa/Aland owl 12(9 Q.7 4
FI2 Ahvenanmaa/Aland Oth 40.1) 65.4 56.9p
France
FR1 fle de France Fo 23.2 10.3 2p.3
FR1 Tle de France owl ofs 35 0.8
FR1 Tle de France Oth 76.0 86.2 76.9
FR21 Champagne-Ardenne For 7.7 15.7 P5.7
FR21 Champagne-Ardenne Oowl 5 1.8 0.5
FR21 Champagne-Ardenne Oth 71.8 82.5 73.8
FR22 Picardie Fol 17(9 8.2 171.2
FR22 Picardie Oowl 0.p 14 019
FR22 Picardie Oth 81.2 90.4 81.p
FR23 Haute-Normandie For 18.1 .6 1f7.7
FR23 Haute-Normandie Oowl g.6 2.2 .6
FR23 Haute-Normandie Oth 81.3 88.2 81.y
FR24 Centre Fo 24(0 9.9 23.1
FR24 Centre Oowl 1p 219 12
FR24 Centre Oth 74.8 87.4 75.7
FR25 Basse-Normandie Fqr .9 1p.6 8.9
FR25 Basse-Normandie owl 9.5 1.9 D.5
FR25 Basse-Normandie Oth 90.6 87.4 90.6
FR26 Bourgogne Fo 307 131 28.6
FR26 Bourgogne ow 12 2|0 1.2
FR26 Bourgogne Oth 68.1] 83. 70.p
FR3 Nord-Pas-De-Calais Fqr .6 5.4 0.5
FR3 Nord-Pas-De-Calais owl Q.5 5 D.5
FR3 Nord-Pas-De-Calais Oth 89.9 92.] 90.0
FR41 Lorraine For 371 275 34.0
FR41 Lorraine Oowl 0.8 25 08
FR41 Lorraine Oth 62.1 70. 63.p




Appendix 4. EUROSTAT Forest Statistics, the AVHRR Classification... 77

NUTS Clas§ EUROSTAT| AVHRR Calibrated
statistics | classification | classification

FR42 Alsace For| 384 418 39.0
FR42 Alsace owl 1.0 23 11
FR42 Alsace Oth 60.5 55.4 59.9
FR43 Franche-Comté Far 44.2 a1.4 44.0
FR43 Franche-Comté owl g.9 2.4 9
FR43 Franche-Comté Oth 54.9 56.7 55.1
FR51 Pays de la Loire For 10.7 B.1 10.7
FR51 Pays de la Loire Owl a.5 35 5
FR51 Pays de la Loire Oth 88.8 88.4 88.8
FR52 Bretagne Fo 10(9 13.1 10.9
FR52 Bretagne O 2|6 313 2.6
FR52 Bretagne Oth 86.5 84.4 86.5
FR53 Poitou-Charentes Far 4.3 7.2 14.2
FR53 Poitou-Charentes owl 11 b.9 1.1
FR53 Poitou-Charentes Oth 84.6 89.4 84.y
FR61 Aquitaine For 432 2400 42.1
FR61 Aguitaine Oowl 3.B afr 3J3
FR61 Aquitaine Oth 53.5 71.3 54.6
FR62 Midi-Pyrénées Fo 2.2 18.3 25.6
FR62 Midi-Pyrénées owl 3|7 42 3.7
FR62 Midi-Pyrénées Oth 70.1 77.4 70.f
FR63 Limousin For 33B 26|0 33.0
FR63 Limousin Oowl 1.y 2.p 17
FR63 Limousin Oth 65.0 71.4 65.8
FR71 Rhéne-Alpes Fo 371 2719 36.3
FR71 Rhéne-Alpes ow 5|4 31 5.4
FR71 Rhone-Alpes Oth 57.5 69.( 58.8
FR72 Auvergne Fo 25(4 224 25%.2
FR72 Auvergne Ow] 2y 2(1 217
FR72 Auvergne Oth 71.9 75.4 72.1L
FR81 Languedoc-Roussillon Far 35.1 25.2 34.6
FR81 Languedoc-Roussillon Oowl 1%.2 .5 15.2
FR81 Languedoc-Roussillon Oth 49.7] 60.3 50.p
FR82 Provence-Alpes-Céte d'Azur For 42.1 23.2 1.1
FR82 Provence-Alpes-Cote d'Azur owl D.3 13.3 9.3
FR82 Provence-Alpes-Cote d'Azur Oth 48.6 63.5 49.5
FR83 Corse For| 28|7 37.0 28.8
FR83 Corse Ow 2100 2711 211
FR83 Corse Oth 50.3 35.4 50.1L
Germany
DE1 Baden-Wiurttenberg Fo 371.8 a1.7 38.1
DE1 Baden-Wiurttenberg Oth 62.2 58.3 61.p
DE2 Bayern For 35.8 36|6 35.9
DE2 Bayern Oth 64.2 63.4 64.1
DE3 Berlin For 18. 24.9 18)6
DE3 Berlin Oth 82.0 75.1 81.4
DE4 Brandenburg Fo 3317 33.0 38.6
DE4 Brandenburg Oth 66.3 67.( 66.4
DES5 Bremen For 0p 13|11 0.0
DE5 Bremen Oth 100.0 86. 100.p
DE6 Hamburg For 40 232 41
DEG6 Hamburg Oth 96.0 76.9 95.9
DE7 Hessen Fo 4112 31.4 40.8
DE7 Hessen Oth 58.8 62. 59.p
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NUTS Clas§ EUROSTAT| AVHRR Calibrated
statistics | classification | classification

DE8 Mecklenburg-Vorpommen For 23.0 21.9 2.9
DE8 Mecklenburg-Vorpommen Oth 77.0 78.1 77.1
DE9 Niedersachsen Far 22.6 2p.5 22.6
DE9 Niedersachsen Oth 77.4 77.5 7.4
DEA Nordhein-Westfalen Fo 25(6 313 26.1
DEA Nordhein-Westfalen Oth 74.4 68.7 73.9
DEB Rheinland-Pfalz For 4110 4Q.0 40.9
DEB Rheinland-Pfalz Oth 59.0 60.( 59.1L
DEC Saarland Fo 350 34.2 35.0
DEC Saarland Oth 65.0 63.9 65.0
DED Sachsen Fo 2713 33.4 27.9
DED Sachsen Oth 72.7) 66.4 72.1
DEE Sachsen-Anhalt For 2Q4.7 26.3 1.3
DEE Sachsen-Anhalt Oth 79.3 73.7 78.¥
DEF Schleswig-Holstein Fo 99 13.0 10.0
DEF Schleswig-Holstein Oth 90.14 87. 90.p
DEG Thuringen For 323 32|5 333
DEG Thuringen Oth 67.7] 67.9 67.F
Greece
GRO Greece For 25|5 11.3 2%.2
GRO Greece Oow| 2319 262 23.8
GRO Greece Oth 50.6 56.1 51.p
Ireland
IEO Ireland For 8.8 138 8|5
IEO Ireland Owl 0.4 2.9 0.p
IEO Ireland Oth 91.2 83.9 91.p
Italy
IT11 Piemonte For| 26J2 20,6 28.7
IT11 Piemonte Owl 11 7(8 11.7
IT11 Piemonte Oth 62.1 71. 62.6
IT12 Valle d'Aosta For 2319 3116 24.1
IT12 Valle d'Aosta owl 10.f 31 107
IT12 Valle d'Aosta Oth 65.4 65.3 65.p
IT13 Liguria For 53.2 40.b 52(7
IT13 Liguria Oowl 23.4 16. 23p
IT13 Liguria Oth 23.2 42 .9 23.p
IT2 Lombardia For 20.f 204 20.8
T2 Lombardia Owl 0.9 7.8 09
IT2 Lombardia Oth 78.4 72.3 78.8
IT31 Trentino-Alto Adige For 46.6 52(5 46.5
IT31 Trentino-Alto Adige Oowl 20.f 26 2017
IT31 Trentino-Alto Adige Oth 32.8 44 4 32.8
IT32 Veneto For 25.fr 234 254
1T32 Veneto Oowl 11.4 7.0 1114
1IT32 Veneto Oth 62.9 68.7 63.8
IT33 Friuli-Venezia Giulia For 23p 37|15 24.6
IT33 Friuli-Venezia Giulia Owl 10.p 5[0 1014
IT33 Friuli-Venezia Giulia Oth 66.0 57.5 65.0
IT4 Emilia-Romagna Fol 182 238 18.5
IT4 Emilia-Romagna Oowl 8L 198 g1
IT4 Emilia-Romagna Oth 73.7) 56.9 73.4
IT51 Toscana Fo 38|8 30.6 38.4
IT51 Toscana Oowl 172 2110 11.3
IT51 Toscana Oth 44.0 48 .4 44.8
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NUTS Clas§ EUROSTAT| AVHRR Calibrated
statistics | classification | classification

IT52 Umbria For 31.1 262 310
IT52 Umbria owl 13. 20.p 13J8
IT52 Umbria Oth 55.1 53.4 55.p
IT53 Marche For 16.p 19]5 16.7
IT53 Marche owl 7. 19.4 713
IT53 Marche Oth 76.2 61.1 76.0
IT6 Lazio For 22.3 24.9 2213
IT6 Lazio Oowl 9.9 23. 9.9
IT6 Lazio Oth 67.9 51.9 67.8
IT71 Abruzzo For 19.5 2713 19,8
IT71 Abruzzo Oowl 8.1 22.8 87
IT71 Abruzzo Oth 71.8 49.9 71.6
IT72 Molise For 16. 23p 162
IT72 Molise owl 7.9 24.1 7.p
IT72 Molise Oth 76.8 52.1 76.6
IT8 Campania Fo 2113 268 215
IT8 Campania Oowl 9.p 2413 95
IT8 Campania Oth 69.2 49.( 69.0
IT91 Puglia For 6. 8.p 61
IT91 Puglia Oowl 2.1 29.8 27
IT91 Puglia Oth 91.3 62.1 91.p
1T92 Basilicata For 19p 201 19.3
1T92 Basilicata Owl 8.b 266 8[5
1T92 Basilicata Oth 72.3 53.3 72.p
IT93 Calabria For 31.8 28|5 31.8
IT93 Calabria Oowl 14.p 2514 1412
IT93 Calabria Oth 54.0 46.] 54.0
ITA Sicilia For 8.5 13.1 8.Y
ITA Sicilia owl 3.8 30.9 3.4
ITA Sicilia Oth 87.7 56.4 87.b
ITB Sardegna Fo 21|13 20.1 21.4
ITB Sardegna ow| 96 29|11 95
ITB Sardegna Oth 69.2 50.9 69.[L
Luxembourg
LU Luxembourg For 344 3119 343
LU Luxembourg Oth 65.6 68.1 65.F
Netherlands
NLO Netherlands Fo 8l1 1012 g.2
NLO Netherlands Ow 1p 3[4 142
NLO Netherlands Oth 90.7 86.3 90.6
Portugal
PTO Portugal For| 30J0 20.6 3Q0.1
PTO Portugal Oow 3B 311 318
PTO Portugal Oth 66.2 48.3 66.[L
Spain
ES11 Galicia For 322 311 33.0
ES11 Galicia owl 34.6 12{0 34.0
ES11 Galicia Oth 33.2 56.9 34.0
ES12 Principado de Asturias F 3p.9 j0.6 30.9
ES12 Principado de Asturias Owl 32.3 6.2 32.1
ES12 Principado de Asturias Oth 36.8 63.2 37.p
ES13 Cantabria Fo 29.4 31.9 2D.3
ES13 Cantabria owf 315 5.9 30.8
ES13 Cantabria Oth 39.1 62.7 39.9
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NUTS Clasq EUROSTAT| AVHRR Calibrated
statistics | classification | classification

ES21 Pais Vasco Fo 49.6 38.2 40.3
ES21 Pais Vasco owl 15.0 14.3 1b.1
ES21 Pais Vasco Oth 35.4 47 .4 35.6
ES22 Comunidad Foral de Navarra Hor 33.0 p2.3 31.8
ES22 Comunidad Foral de Navarra owl 17.8 17.4 8.2
ES22 Comunidad Foral de Navarra Oth 49.2 60.3 50.1L
ES23 La Rioja For 236 267 23.7
ES23 La Rioja Oowl 35 282 35.0
ES23 La Rioja Oth 41.4 45.] 41.4
ES24 Aragén Fori 20{8 11.0 29.0
ES24 Aragon owl 31p 248 312
ES24 Aragon Oth 48.0 64.1 48.8
ES3 Comunidad de Madrid Fqr 19.3 1.4 18.8
ES3 Comunidad de Madrid owl 29.9 27.9 29.9
ES3 Comunidad de Madrid Oth 50.8 60.7 51.8
ES41 Castillay Ledn Fo 1.8 13.6 16.6
ES41 Castillay Leén owl 311 23.8 31.0
ES41 Castillay Le6n Oth 52.1 63.6 52.4
ES42 Castilla-la Mancha For 14.4 D.5 m.a
ES42 Castilla-la Mancha owl 295 26.9 2p.4
ES42 Castilla-la Mancha Oth 56.1 63.4 56.5
ES43 Extremadura Fo 11.8 10.1 17.6
ES43 Extremadura owl 37.0 29.4 37.0
ES43 Extremadura Oth 45.2 60.9 45.4
ES51 Catalufia Fo 39.6 19.9 38.7
ES51 Catalufia owl 18{5 255 18.6
ES51 Catalufia Oth 41.9 54.4 42y
ES52 Comunidad Valenciana For 21.2 11.6 0.9
ES52 Comunidad Valenciana Oowl 3L.0 32.1 30.9
ES52 Comunidad Valenciana Oth 47.8 56.3 48.p
ES53 Islas Balearas Fqr 21.7 10.8 41.6
ES53 Islas Balearas owl 18.9 31L.8 18.9
ES53 Islas Balearas Oth 59.4 57.9 59.b
ES61 Andalucia For 18(9 9.6 18.5
ES61 Andalucia ow| 3047 2719 30.6
ES61 Andalucia Oth 50.4 62.4 50.p
ES62 Regién de Murcia For 16.7 1.1 16.3
ES62 Regién de Murcia owl 24.0 20.6 2.9
ES62 Regién de Murcia Oth 55.3 75.3 55.8
Sweden
SEO Sweden Fo 5914 61.3 59.2
SEO Sweden Oowj 8J7 119 8.7
SEO Sweden Oth 31.9 36.9 32.1
United Kingdom
UK1 North For 10. 11.p 10J0
UK1 North Oth 90.0 88.1 90.p
UK2 Yorkshire and Humberside Fqr 5.7 11.0 5.8
UK2 Yorkshire and Humberside Oth 94.3 89.( 94.p
UK3 East Midlands Forl 415 8|2 45
UK3 East Midlands Oth 95.5 91.4 95.6
UK4 East Anglia For 6.4 69 6|4
UK4 East Anglia Oth 93.6 93.1 93.6
UK5 South East (UK) For 10/8 10.6 10.8
UK5 South East (UK) Oth 89.2 89.4 89.p




Appendix 4. EUROSTAT Forest Statistics, the AVHRR Classification...
NUTS Clasq EUROSTAT| AVHRR Calibrated
statistics | classification | classification

UK6 South West (UK) For 716 8|2 7.6
UK6 South West (UK) Oth 92.4 91.9 92.4
UK7 West Midlands For 63 718 6.3
UK7 West Midlands Oth 93.7] 92.4 93.Y
UK8 North West (UK) For 3.b 97 3|5
UK8 North West (UK) Oth 96.5 90.3 96.b
UK9 Wales For 1.9 122 1119
UK9 Wales Oth 88.1 87.4 88.1L
UKA Scotland For 15.0 2214 153
UKA Scotland Oth 84.9 77.4 84.y
UKB Northern Ireland For| 59 12|11 g.0
UKB Northern Ireland Oth 94.1 87.9 94.0
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Appendix 5. National Statistics, the Image and the
Calibration Results (in %)

(Bro = broadleaved forest; Con = coniferous forest; Owl = other wooded land;
Mix = mixed forest; Oth = other land).

1) FINLAND NUTS 3

AVHRR Calibrated
NUTS Region name Class Statistigs classification classification

FI2 Ahvenanmaa/Aland Bro 617 42 6.2
FI2 Ahvenanmaa/Aland Con 4q.2 61.9 4B.1
FI2 Ahvenanmaa/Aland owl 131 16 12.7
FI2 Ahvenanmaa/Aland Oth 44d.0 323 3B.1
Fl11 Uusimaa Bro 6.0 64 6|1
Fl11 Uusimaa Con 55)6 4710 58.1
Fl11 Uusimaa Oowl 538 2p 513
Fl11 Uusimaa Oth 331 4415 335
Fl122 Satakunta Bro 36 6[3 37
FI122 Satakunta Con 5419 44.5 54.0
Fl122 Satakunta Oowl 3p 2{3 316
Fl122 Satakunta Oth 380 44.9 38.8
FI125 Paijat-Hame Bro 53 59 .4
FI125 Paijat-Hame Con 59.1 51.4 58.Y
FI125 Paijat-Hame Oowl 147 2|2 3.7
FI125 Paijat-Hame Oth 33.9 40. 34.p
Fl127 Etela-Karjala Bro 5p 5|3 53
Fl127 Etela-Karjala Con 65.9 58.4 65.p
Fl127 Etela-Karjala Oowl 1p 2{0 115
Fl127 Etela-Karjala Oth 27.5 33.4 27y
Fl124 Pirkanmaa Bro 52 46 q.2
Fl124 Pirkanmaa Con 67.9 63.7 67.5
Fl124 Pirkanmaa Owl 214 119 24
Fl124 Pirkanmaa Oth 24.8 29.9 24.9
FI131 Etela-Savo Bro 716 45 1.6
FI131 Etela-Savo Con 74.2 66.2 741
FI131 Etela-Savo Oowl 119 119 4.9
FI131 Etela-Savo Oth 16.3 27.4 16.8
Fl144 Keski-Pohjanmaa Bro g2 1.0 b.3
Fl144 Keski-Pohjanmaa Con 59.5 47.3 59.9
Fl144 Keski-Pohjanmaa Oowl 52 4.2 5.2
Fl144 Keski-Pohjanmaa Oth 30.1 43.4 30.5
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AVHRR Calibrated
NUTS Region name Clasq Statistigs classification classification
Fl141 Keski-Suomi Bro 7.6 416 716
Fl141 Keski-Suomi Con 73.0 64.4 72.9
Fl141 Keski-Suomi Oowl 2.p 20 212
Fl141 Keski-Suomi Oth 17.2 29.4 17.p
FI132 Pohjois-Savo Bro 10.9 7.4 10.Y
FI132 Pohjois-Savo Con 66.9 52.9 66.Y
F1132 Pohjois-Savo Oowl 15 21 15
F1132 Pohjois-Savo Oth 21.0 37.4 211
F1133 Pohjois-Karjala Bro 6J1 6|3 q.2
FI133 Pohjois-Karjala Con 71.2 54.§ 71.9
F1133 Pohjois-Karjala Owl 48 2|0 A48
FI133 Pohjois-Karjala Oth 17.9 36.4 18.0
FI134 Kainuu Bro 5.6 7.4 517
FI134 Kainuu Con 70.2 47.4 69.9
F1134 Kainuu Oowl 10.3 2. 10.4
F1134 Kainuu Oth 13.9 43.7 14.9
F1151 Pohjois-Pohjanmaa Bro 1.0 B.3 7
FI151 Pohjois-Pohjanmaa Con 58.7] 43.3 58.4
FI151 Pohjois-Pohjanmaa Owl 10.6 2.3 10.7
FI151 Pohjois-Pohjanmaa Oth 23.7 46.3 23.9
F1152 Lappi Bro 3.9 7.4 3P
FI152 Lappi Con 48.6 46.3 48.p
F1152 Lappi Owl 19.7 2.1 19.7
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2) FRANCE NUTS 2

AVHRR Calibrated

NUTS Region name Clasg Statistids classification classification
FR1 fle de France Bro 21.9 6.9 21.4
FR1 Tle de France Con gs 21 .8
FR1 fle de France Mix (0]’ 144 a5
FR1 fle de France owl 2|0 35 4.0
FR1 fle de France Oth 74.9 86.4 75.4
FR21 Champagne-Ardenne Bro 2B.7 115 p2.1
FR21 Champagne-Ardenne Con P.9 2.2 2.7
FR21 Champagne-Ardenne Mix 1.0 p.0 D.9
FR21 Champagne-Ardenne Oowl .8 1.8 0.8
FR21 Champagne-Ardenne Oth 7.6 g42.5 (3.4
FR22 Picardie Bro 17]0 6|3 14.5
FR22 Picardie Con of7 U2 q.7
FR22 Picardie Mix 0.p 0B 0j2
FR22 Picardie Owl B 14 13
FR22 Picardie Oth 80(8 994 81.3
FR23 Haute-Normandie Bro 14.9 $.9 1p.7
FR23 Haute-Normandie Con 14 .5 L.4
FR23 Haute-Normandie Mix 0|8 1.2 q.8
FR23 Haute-Normandie Oowl 10 4.2 .0
FR23 Haute-Normandie Oth 80.9 88.2 g1.2
FR24 Centre Bro 19)2 6|9 19.7
FR24 Centre Con 2{9 148 4.7
FR24 Centre Mix 1y 1p 1l6
FR24 Centre Oowl I 219 147
FR24 Centre Oth 74(5 87.3 7%.3
FR25 Basse-Normandie Bro 6.9 /.4 .9
FR25 Basse-Normandie Con .3 1.8 1.3
FR25 Basse-Normandie Mix g.6 1.4 .6
FR25 Basse-Normandie Oowl 3.4 1.9 P.4
FR25 Basse-Normandie Oth 88.8 gr7.4 48.8
FR26 Bourgogne Bro 26{2 11.6 24.4
FR26 Bourgogne Con 317 1.9 35
FR26 Bourgogne Mix 0.p 1/6 ol6
FR26 Bourgogne Owl 19 2|0 3.9
FR26 Bourgogne Oth 6716 83.0 69.7
FR3 Nord - Pas-de-Calais Bro 5 1.6 0.5
FR3 Nord - Pas-de-Calais Con D.1 D.9 0.1
FR3 Nord - Pas-de-Calais Mix g1 .8 D.1
FR3 Nord - Pas-de-Calais Oowl 11 1.5 1.1
FR3 Nord - Pas-de-Calais Oth 8p.2 92.1 $9.2
FR41 Lorraine Bro 26.1] 16.3 25.4
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AVHRR Calibrated

NUTS Region name Clasg taistics classification classification
FR41 Lorraine Con 8p 5]2 80
FR41 Lorraine Mix R} 24
FR41 Lorraine Owl ] 25 1]8
FR41 Lorraine Oth 61.4 70.4 62.4
FR42 Alsace Bro 19.6 23.3 19.9
FR42 Alsace Con 13.7] 7.9 13.8
FR42 Alsace Mix 4.9 10.7 5.4
FR42 Alsace Oowl 1. 283 1{7
FR42 Alsace Oth 60.14 55.4 59.6
FR43 Franche-Comté Bro 315 28.0 3.3
FR43 Franche-Comté Con 9.8 b.1 D.7
FR43 Franche-Comté Mix 216 q4 2.6
FR43 Franche-Comté Owl 28 3.4 .8
FR43 Franche-Comté Oth 53.3 5p.2 §3.5
FR51 Pays de la Loire Bro 15 8.6 .5
FR51 Pays de la Loire Con 33 |.4 P.3
FR51 Pays de la Loire Mix 0f8 42 9.8
FR51 Pays de la Loire owl 33 3.5 3
FR51 Pays de la Loire Oth 86.1 88.4 86.1
FR52 Bretagne Bro 6{0 715 q.0
FR52 Bretagne Con 311 245 31
FR52 Bretagne Mix 7 211 147
FR52 Bretagne Owl 6 313 46
FR52 Bretagne Oth 8416 84.6 84.6
FR53 Poitou-Charentes Bro 12.0 b.4 1.9
FR53 Poitou-Charentes Con P.1 1.0 2.0
FR53 Poitou-Charentes Mix 10 Q.9 .0
FR53 Poitou-Charentes Oowl 3.0 b.9 B.0
FR53 Poitou-Charentes Oth 8L.9 89.9 842.0
FR61 Aguitaine Bro 15) 100 1.7
FR61 Aquitaine Con 2417 1015 23.9
FR61 Aquitaine Mix 24 3.p 28
FR61 Aquitaine Oowl 3D a5 3|0
FR61 Aguitaine Oth 54 713 54.1
FR62 Midi-Pyrénées Bro 2210 11.8 21.6
FR62 Midi-Pyrénées Con 1 3.8 .0
FR62 Midi-Pyrénées Mix 0 2|7 10
FR62 Midi-Pyrénées Oowl 7 42 3.7
FR62 Midi-Pyrénées Oth 7.2 71.6 0.7
FR63 Limousin Bro 22.p 16)2 2213
FR63 Limousin Con 8. 6J1 817
FR63 Limousin Mix 14 3y 1p
FR63 Limousin Oowl 4.1 2p 41
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FR63 Limousin Oth 627 71)8 63.1
FR71 Rhoéne-Alpes Bro 181 14.9 1t.8
FR71 Rhdne-Alpes Con 11.7 4.8 11L.4
FR71 Rhoéne-Alpes Mix ] 6/2 6.2
FR71 Rhéne-Alpes Oowl 6 1 4.6
FR71 Rhéne-Alpes Oth 6143 69.0 6p.0
FR72 Auvergne Bro 1144 144 113
FR72 Auvergne Con 1017 52 10.5
FR72 Auvergne Mix P 2B 3|2
FR72 Auvergne Owl 34 21 314
FR72 Auvergne Oth 7113 795 71
FR81 Languedoc-Roussillon Bro 20.8 1p.8 40.6
FR81 Languedoc-Roussillon Con 1p.1 8.0 10.0
FR81 Languedoc-Roussillon Mix 37 4.5 B.7
FR81 Languedoc-Roussillon Owl 2.2 1.5 D.2
FR81 Languedoc-Roussillon Oth 68.2 0.3 3.5
FR82 Provence-Alpes-Céte dJA Bro 15.9 9.4 14.9
FR82 Provence-Alpes-Céte JA Con 18.4 8.7 17p
FR82 Provence-Alpes-Cote A Mix 8.3 5.0 8.1
FR82 Provence-Alpes-Céte djA Owl 2.7 13.3 2.
FR82 Provence-Alpes-Cote djA Oth 55.4 63.% 56.p
FR83 Corse Bro 19.5 14.4 19.4
FR83 Corse Con 7|7 13.7 7.9
FR83 Corse Mix 14 8J 114
FR83 Corse Owl 9.p 27.14 9.4
FR83 Corse Oth 61.9 35.4 61.8
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FR102 Seine-et-Marne Bro 217 [.2 2.3
FR102 Seine-et-Marne Con 1.0 p.0 D.9
FR102 Seine-et-Marne Mix 015 12 9.5
FR102 Seine-et-Marne Oowl d.9 3.6 9
FR102 Seine-et-Marne Oth 7%.9 8.0 76.4
FR103 Yvelines Bro 28.1 8.5 27.8
FR103 Yvelines Con 147 3|5 1.6
FR103 Yvelines Mix 0.3 2.p 03
FR103 Yvelines Owl 2.p U 2|6
FR103 Yvelines Oth 67.3 81.4 68.1
FR104 Essonne Bro 211.8 3.5 2.6
FR104 Essonne Con g.1 14 D.1
FR104 Essonne Mix 08 12 g4.8
FR104 Essonne Owl 149 38 19
FR104 Essonne Oth 7.5 88.1 ..7
FR108 Val-d'Oise Bro 192 6|8 14.8
FR108 Val-d'Oise Con (o] 43 g.1
FR108 Val-d'Oise Mix 0.p 1p (0] (0]
FR108 Val-d'Oise Owl 44 3|7 44
FR108 Val-d'Oise Oth 76|14 81.2 7.7
FR211 Ardennes Bro 216 115 21.2
FR211 Ardennes Con 45 4.0 4.3
FR211 Ardennes Mix 0b 3|8 05
FR211 Ardennes Oowl 1l4 149 1.4
FR211 Ardennes Oth 72.0 78.8 7p.5
FR212 Aube Bro 21.4 8.9 19.5
FR212 Aube Con 1P 1|2 16
FR212 Aube Mix 1. 0.p 16
FR212 Aube Owl 0.6 1y 0|6
FR212 Aube Oth 74.3 87.4 76.¥
FR213 Marne Bro 175 710 1.7
FR213 Marne Con 20 13 18
FR213 Marne Mix 0.4 0.B 03
FR213 Marne Owl 0.p 18 0|4
FR213 Marne Oth 7918 891 8(.8
FR214 Haute-Marne Bro 359 20.5 3B.5
FR214 Haute-Marne Con 37 2.9 B.6
FR214 Haute-Marne Mix 7 314 1.6
FR214 Haute-Marne Oowl 110 18 1.0
FR214 Haute-Marne Oth 51.7 71.3 6p.3
FR221 Aisne Bro 19.0 6.9 18.2
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FR221 Aisne Con 0p 1{4 08
FR221 Aisne Mix 0.2 0.8 op
FR221 Aisne Owl 1.p 1p 12
FR221 Aisne Oth 78.8 89.9 79.6
FR222 Oise Bro 217 719 2141
FR222 Oise Con 1{0 117 g9
FR222 Qise Mix 0.2 1L 02
FR222 Oise Oowl B 2n 0|8
FR222 Oise Oth 76]3 8712 71.0
FR223 Somme Bro 10.2 4.( 10.2
FR223 Somme Con 0|4 g.5 A4
FR223 Somme Mix 0oL (0)7) 0f1
FR223 Somme Oowl 17 11 .
FR223 Somme Oth 87.5 94.1 87.6
FR231 Eure Bro 17y7 6/8 1714
FR231 Eure Con 18 114 17
FR231 Eure Mix 1.8 1p 13
FR231 Eure Owl 0.4 255 0|4
FR231 Eure Oth 78]7 884 79.2
FR232 Seine-Maritime Bro 141 q.9 14.0
FR232 Seine-Maritime Con 141 1.6 1.0
FR232 Seine-Maritime Mix B 13 03
FR232 Seine-Maritime Oowl 16 19 1.6
FR232 Seine-Maritime Oth 829 88%.4 8B.0
FR241 Cher Bro 200 719 194
FR241 Cher Con 19 21 47
FR241 Cher Mix 1.9 1p 18
FR241 Cher Owl B 2R 1|3
FR241 Cher Oth 7419 866 74.8
FR242 Eure-et-Loir Bro 11.6 4. 11.%
FR242 Eure-et-Loir Con 0f3 015 3
FR242 Eure-et-Loir Mix 0.1 0p o1
FR242 Eure-et-Loir Oowl 1p 2
FR242 Eure-et-Loir Oth 86.4 91.4 86.p
FR243 Indre Bro 16.0 5.3 15.9
FR243 Indre Con 10 11 10
FR243 Indre Mix 0.4 0.p oy
FR243 Indre Owl 3.p 2p 3]2
FR243 Indre Oth 79.4 90.1 79.p
FR244 Indre-et-Loire Bro 19.4 6.9 19.0
FR244 Indre-et-Loire Con 5|4 17 4.9
FR244 Indre-et-Loire Mix 2p 2 2|4
FR244 Indre-et-Loire Oowl 16 15
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FR244 Indre-et-Loire Oth 71.14 87.9 72.p
FR245 Loir-et-Cher Bro 27.0 8.4 26.1
FR245 Loir-et-Cher Con 4{8 218 44
FR245 Loir-et-Cher Mix 2.4 2p 2
FR245 Loir-et-Cher Owl 1B 32 18
FR245 Loir-et-Cher Oth 64.0 83.9 65.p
FR246 Loiret Bro 20.7] 8.4 20.1
FR246 Loiret Con 4.p 283 3|9
FR246 Loiret Mix 2.6 1. 2.b
FR246 Loiret Oowl 1. 3.p 10
FR246 Loiret Oth 71.4 84.4 72.4
FR251 Calvados Bro 6[9 6.6 4.9
FR251 Calvados Con a4 13 A4
FR251 Calvados Mix (01 § 12 06
FR251 Calvados Owl 1l4 2|0 14
FR251 Calvados Oth 901.6 88.9 90.6
FR252 Manche Bro 29 6|7 29
FR252 Manche Con 0|5 1.7 Q.5
FR252 Manche Mix 0.p 13 0]2
FR252 Manche Oowl 28 1|6 28
FR252 Manche Oth 93|17 84.6 938.7
FR253 Orne Bro 10¢ 8|8 10.8
FR253 Orne Con 218 2|3 28
FR253 Orne Mix 11 1B 1a
FR253 Orne Oowl B 1 2|8
FR253 Orne Oth 8214 85,0 835
FR261 Cote-d'Or Bro 33|14 154 30.3
FR261 Céte-d'Or Con 3|4 21 3.2
FR261 Cote-d'Or Mix 1 283 1|0
FR261 Cote-d'Or Owl 2p 2|5 23
FR261 Cote-d'Or Oth 5919 718 63.2
FR262 Niévre Bro 246 12|14 23.0
FR262 Niévre Con 6 2|5 57
FR262 Niévre Mix 0.2 14 op
FR262 Niévre Oowl 1.9 1) 2|0
FR262 Niévre Oth 671 821 69.2
FR263 Sabne-et-Loire Bro 18.7] 9.4 18.
FR263 Sabne-et-Loire Con 4.0 P.1 B.9
FR263 Sadbne-et-Loire Mix 0|4 17 Q.4
FR263 Sabne-et-Loire Owl 25 1. 5
FR263 Sabne-et-Loire Oth 74.5 85.7 75.8
FR264 Yonne Bro 280 24.3
FR264 Yonne Con 1 1.4
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FR264 Yonne Mix 0. 0.f 08
FR264 Yonne Oowl 0.y 2h 0|7
FR264 Yonne Oth 69J0 868 70.9
FR301 Nord Bro 11.p 49 1019
FR301 Nord Con 0.p 12 o2
FR301 Nord Mix 0.2 1.9 o.p
FR301 Nord Owl 0.Y 1y 07
FR301 Nord Oth 88.p 911 84.0
FR302 Pas-de-Calais Bro .2 .4 B.1
FR302 Pas-de-Calais Con D.0 D.7 0.0
FR302 Pas-de-Calais Mix g.0 q.7 .0
FR302 Pas-de-Calais Oowl 15 .3 L.5
FR302 Pas-de-Calais Oth 90.3 93.0 90.3
FR411 Meurthe-et-Mosdll Bro 24.6 154 241
FR411 Meurthe-et-Mosdll Con 3.5 3. 3.p
FR411 Meurthe-et-Mosdll  Mix 15 4.9 15
FR411 Meurthe-et-Mosdll  Owil 1.6 2.9 1.4
FR411 Meurthe-et-Mosdll Oth 68.9 73.1 69.B
FR412 Meuse Bro 33|6 146 31.9
FR412 Meuse Con 3|8 28 3.6
FR412 Meuse Mix 1L 288 1
FR412 Meuse Owl 1L 21 141
FR412 Meuse Oth 60|14 71.7 62.3
FR413 Moselle Bro 20. 13.1 19.8
FR413 Moselle Con 518 418 5.7
FR413 Moselle Mix 1.9 5p 18
FR413 Moselle Oowl 2.p 288 2|2
FR413 Moselle Oth 70.0 73.9 70.8
FR414 \Vosges Bro 26.0 229 25.8
FR414 \Vosges Con 19.8 9.4 19.0
FR414 Vosges Mix 5[ 10.5 5.9
FR414 \Vosges Owl 283 2|4 24
FR414 \Vosges Oth 46.2 55.9 47.8
FR421 Bas-Rhin Bro 17|11 198 11.2
FR421 Bas-Rhin Con 1514 q4.8 1%.4
FR421 Bas-Rhin Mix ¥ 10)9 a7
FR421 Bas-Rhin Oowl 16 2|3 16
FR421 Bas-Rhin Oth 61|3 54.3 61.1
FR422 Haut-Rhin Bro 232 280 23.7
FR422 Haut-Rhin Con 11)4 q.7 11.6
FR422 Haut-Rhin Mix 5.p 1046 5|3
FR422 Haut-Rhin Owl 1p 24 149
FR422 Haut-Rhin Oth 58|3 523 571.6
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FR431 Doubs Bro 2311 3015 234
FR431 Doubs Con 16|6 49 14.6
FR431 Doubs Mix 1 8p 14
FR431 Doubs Oowl JL 22 311
FR431 Doubs Oth 55(8 539 53%.5
FR432 Jura Bro 339 2816 33.6
FR432 Jura Con 105 g.2 10.4
FR432 Jura Mix 3.p 9B 3]9
FR432 Jura Oowl 3L 2{7 311
FR432 Jura Oth 486 531 49.0
FR433 Haute-Sabne Bro 315 25.3 36.7
FR433 Haute-Sabne Con .0 1.0 3.0
FR433 Haute-Sabne Mix 23 1.1 23
FR433 Haute-Saéne Owl 4.3 23 P.3
FR433 Haute-Sadne Oth 54.9 6[L.2 g45.7
FR434 Territoire de Bel Bro 31.0 22.] 30.p
FR434 Territoire de Bel Con 4.4 6.9 4.6
FR434 Territoire de Bel Mix 5.7 9.7 5.7
FR434 Territoire de Bel Oowl 1.3 3.0 1.9
FR434 Territoire de Bel Oth 57.4 58. 576
FR511 Loire-Atlantique Bro 5P 5|3 59
FR511 Loire-Atlantique Con 15 14 15
FR511 Loire-Atlantique Mix OR 1p (0] 73
FR511 Loire-Atlantique Oowl 5B 3f7 513
FR511 Loire-Atlantique Oth 86|9 83.4 86.9
FR512 Maine-et-Loire Bro 91 5|1 9.0
FR512 Maine-et-Loire Con 2|4 13 14
FR512 Maine-et-Loire Mix B 1R 114
FR512 Maine-et-Loire Oowl 2p 411 22
FR512 Maine-et-Loire Oth 84.9 88.3 84.9
FR513 Mayenne Bro 69 66 q.9
FR513 Mayenne Con 08 13 9.8
FR513 Mayenne Mix 0.p 12 0}5
FR513 Mayenne Oowl 210 214 20
FR513 Mayenne Oth 897 84.5 89.7
FR514 Sarthe Bro 1147 712 116
FR514 Sarthe Con 5|6 32 8.4
FR514 Sarthe Mix 1b 1)7 14
FR514 Sarthe Owl 216 3f2 26
FR514 Sarthe Oth 787 8.7 79.0
FR515 Vendée Bro 3]9 42 3.9
FR515 Vendée Con 12 g.6 12
FR515 Vendée Mix 0.8 oj7 0}3
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FR515 Vendée Owl 42 318 42
FR515 Vendée Oth 90.4 90.1 90.41
FR521 Cétes-d'Armor Bro 719 g1 1.8
FR521 Cotes-d'Armor Con 28 4.5 .8
FR521 Cotes-d'Armor Mix 15 2|2 15
FR521 Cétes-d'Armor Oowl 6[3 29 q.3
FR521 Cotes-d'Armor Oth 81.5 84.3 81l.p
FR522 Finistere Bro 417 8|0 47
FR522 Finistére Con 2|2 30 3.2
FR522 Finistére Mix 14 21 1|4
FR522 Finistére Oowl a8 3|5 43
FR522 Finistéere Oth 87]3 83.1 87.3
FR523 llle-et-Vilaine Bro 5. 6.4 5|5
FR523 llle-et-Vilaine Con 1p 211 149
FR523 llle-et-Vilaine Mix 1.1 1.y in
FR523 llle-et-Vilaine Owl 1.5 3.B 15
FR523 llle-et-Vilaine Oth 90.0 86.4 90.p
FR524 Morbihan Bro 5p 714 5|9
FR524 Morbihan Con 516 213 5.6
FR524 Morbihan Mix 2.7 2L 217
FR524 Morbihan Oowl 6.L 35 6|1
FR524 Morbihan Oth 7916 8417 79.7
FR531 Charente Bro 17.6 4.9 1y.4
FR531 Charente Con 22 13 p.1
FR531 Charente Mix 17 142 17
FR531 Charente Oowl 3|7 22 3.7
FR531 Charente Oth 74.8 88.5 7p.0
FR532 Charente-Maritilhe ~ Bro 19.1 49 1p.0
FR532 Charente-Maritille  Con 43 1.4 1.0
FR532 Charente-Maritinle ~ Mix 0|7 11 Q.6
FR532 Charente-Maritinhe ~ Owl 20 3.1 .0
FR532 Charente-Maritihe  Oth 823.9 8p.5 834
FR533 Deux-Sevres Bro 8.3 4.7 .3
FR533 Deux-Sévres Con Q.4 3 D.4
FR533 Deux-Seévres Mix 0|3 05 Q.3
FR533 Deux-Sévres Oowl 35 31 5
FR533 Deux-Seévres Oth 87.9 91.4 87.p
FR534 Vienne Bro 12p 5|2 122
FR534 Vienne Con 18 0|8 4.2
FR534 Vienne Mix 15 0.B 15
FR534 Vienne Oowl 2.F 29 2|7
FR534 Vienne Oth 8213 9013 83.3
FR611 Dordogne Bro 28.2 12.9 27.9
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FR611 Dordogne Con 68 46 7
FR611 Dordogne Mix 6.B 3l6 67
FR611 Dordogne Owl 3 312 32
FR611 Dordogne Oth 54.9 76.1 55.p
FR612 Gironde Bro 7] 8|0 75
FR612 Gironde Con 39|0 14.4 3%.2
FR612 Gironde Mix 1.8 3p 1/8
FR612 Gironde Oowl I 6{5 218
FR612 Gironde Oth 48|9 67.2 52.7
FR613 Landes Bro 717 90 4.1
FR613 Landes Con 54.9 19.9 51.%
FR613 Landes Mix 0B 412 018
FR613 Landes Oowl 18 6|8 18
FR613 Landes Oth 34.8 60.5 37.8
FR614 Lot-et-Garonne Bro 11.2 5.9 11.2
FR614 Lot-et-Garonne Con 10.3 4.9 9.
FR614 Lot-et-Garonne Mix 1]2 U5 11
FR614 Lot-et-Garonne Owl 2}7 3.2 2.7
FR614 Lot-et-Garonne Oth 74.9 84.5 76.9
FR615 Pyrénées-Atlantiju Bro 24.3 13.4 24.p
FR615 Pyrénées-Atlantiju Con 0.4 5. 0.4
FR615 Pyrénées-Atlantiu Mix 0.5 3.3 0.5
FR615 Pyrénées-Atlantigu Owl 4.9 2.4 4.
FR615 Pyrénées-Atlantifju Oth 69.9 74.9 69.p
FR621 Ariége Bro 33.p 22|11 335
FR621 Ariége Con 48 9|4 48
FR621 Ariege Mix 24 44 24
FR621 Ariege Oowl 3.0 2p 3J0
FR621 Ariege Oth 5600 6142 54.4
FR622 Aveyron Bro 28.2 14.3 27§
FR622 Aveyron Con 60 3|9 6.0
FR622 Aveyron Mix 1. 3.p i
FR622 Aveyron Owl 6.8 6 6[7
FR622 Aveyron Oth 57.8 71.7 58.%
FR623 Haute-Garonne Bro 16.0 V.6 15.8
FR623 Haute-Garonne Con .0 P.7 1.0
FR623 Haute-Garonne Mix 09 14 .9
FR623 Haute-Garonne Oowl 3.5 1 B.5
FR623 Haute-Garonne Oth 78.6 8p.1 18.9
FR624 Gers Bro 1216 419 14.6
FR624 Gers Con 0|6 05 gd.6
FR624 Gers Mix P 0p 0[2
FR624 Gers Oowl 2B 2|5 2|8




Appendix 5. National Statistics... France NUTS 3 95

AVHRR Calibrated

NUTS Region name Clasq Statistigs classification classification
FR624 Gers Oth 83.8 91.9 83.8
FR625 Lot Bro 35.9 10t 35|7
FR625 Lot Con 1.8 45 1]3
FR625 Lot Mix 1.0 3.1 0.p
FR625 Lot Owl 4.] 4.8 an
FR625 Lot Oth 57.f 778 58]0
FR626 Hautes-Pyrénées Bro 19.9 14.3 19.9
FR626 Hautes-Pyrénées Cor 5.1 8.9 5.1
FR626 Hautes-Pyrénées Mix .6 B.8 0.6
FR626 Hautes-Pyrénées Oowl B.0 B.3 3.0
FR626 Hautes-Pyrénée Oth 69.5 69.1 69.11
FR627 Tarn Bro 20.8 16|2 197
FR627 Tarn Con 641 1|4 6.0
FR627 Tarn Mix 0. 2.y o7
FR627 Tarn Owl 3.4 p 3|4
FR627 Tarn Oth 694 7411 74.2
FR628 Tarn-et-Garonne| Bro 18.1 b.6 18.1
FR628 Tarn-et-Garonne Con .8 L.2 0.8
FR628 Tarn-et-Garonne Mix 01 12 A
FR628 Tarn-et-Garonne Oowl 3.2 2.9 B.2
FR628 Tarn-et-Garonne| Oth 71.8 8D.1 17.9
FR631 Corréeze Bro 27.6 21.3 27.p
FR631 Correze Con 13.2 9.4 13.1
FR631 Correze Mix 4.0 513 40
FR631 Corréze Oowl 309 2|7 39
FR631 Corréze Oth 51.3 61.4 51.p
FR632 Creuse Bro 183 13.8 18.2
FR632 Creuse Con 711 3.4 T1
FR632 Creuse Mix 6 3|1 0.6
FR632 Creuse Oowl 8 u7 3.8
FR632 Creuse Oth 70.2 74.1 70.3
FR633 Haute-Vienne Bro 213 115 211
FR633 Haute-Vienne Con 5.7 3.4 b.6
FR633 Haute-Vienne Mix 09 2|6 a9
FR633 Haute-Vienne Oowl 6 20 4.6
FR633 Haute-Vienne Oth 67.5 80.5 6).8
FR711 Ain Bro 231 14 22{7
FR711 Ain Con 6.8 a4 6{2
FR711 Ain Mix 5.0 5.9 4.9
FR711 Ain Owl 3.1 2.7 3L
FR711 Ain Oth 62.% 726 63|0
FR712 Ardéeche Bro 28.8 15.4 28.p
FR712 Ardeche Con 15.0 11.4 14.8
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FR712 Ardéche Mix 6.f 5J6 6|6
FR712 Ardeche Owl 19 5|1 19
FR712 Ardéche Oth 47.7 62.7 48.p
FR713 Drome Bro 23 12{4 23.7
FR713 Drome Con 138 64 13.9
FR713 Dréme Mix 10.y P 10]0
FR713 Drome Owl 2L 36 2|2
FR713 Dréme Oth 499 47 53.2
FR714 Isere Bro 19.0 16.4 18.9
FR714 Isére Con 9(9 67 9.7
FR714 Isere Mix 5.8 78 5(7
FR714 Isere Oowl 2B 27 2|3
FR714 Isere Oth 63.14 66.4 63.11
FR715 Loire Bro 7.4 12.1 7.2
FR715 Loire Con 17.3 5.6 16.2
FR715 Loire Mix 2.4 2.9 2.F
FR715 Loire Oowl 2. 2.8 26
FR715 Loire Oth 69.8 77.1 71.p
FR716 Rhoéne Bro 12|19 82 13.6
FR716 Rhone Con 9|6 26 9.2
FR716 Rhone Mix 1y 18 1|6
FR716 Rhone Owl 30 2|2 30
FR716 Rhéne Oth 72|19 84.1 78.5
FR717 Savoie Bro 138 191 14.0
FR717 Savoie Con 115 9.4 11.6
FR717 Savoie Mix 5p 93 5{5
FR717 Savoie Oowl 211 2|8 21
FR717 Savoie Oth 67|11 60.5 66.8
FR718 Haute-Savoie Bro 14.8 19.9 1p.9
FR718 Haute-Savoie Con 1¢0.6 .5 .6
FR718 Haute-Savoie Mix 9|7 g4 9.8
FR718 Haute-Savoie Oowl 42 4.7 4.2
FR718 Haute-Savoie Oth 64.6 61.6 4.4
FR721 Allier Bro 13.4 7.9 13.2
FR721 Allier Con 2. 1.pb 2p
FR721 Allier Mix 0.3 1.2 0.
FR721 Allier owl 4.7 1.5 4.y
FR721 Allier Oth 79.3 87.94 79.6
FR722 Cantal Bro 1646 1712 14.7
FR722 Cantal Con 4|6 5(8 4.6
FR722 Cantal Mix 2.5 2P 2|5
FR722 Cantal Oowl 4p 19 42
FR722 Cantal Oth 72|1 722 72.1
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FR723 Haute-Loire Bro 313 15.9 3.3
FR723 Haute-Loire Con 26.9 8.4 26.1
FR723 Haute-Loire Mix 6.p 49 6|4
FR723 Haute-Loire owl 2p 35 22
FR723 Haute-Loire Oth 61.2 67.3 61.p
FR724 Puy-de-Déme Bro 10.7 17.9 10y
FR724 Puy-de-Déme Con 12.9 5.4 12.8
FR724 Puy-de-Doéme Mix 412 29 4.2
FR724 Puy-de-Déme Oowl 214 1 2.4
FR724 Puy-de-Déme Oth 69.8 71.9 70.0
FR811 Aude Bro 18 107 14.3
FR811 Aude Con R 716 71
FR811 Aude Mix 5. 34 5p
FR811 Aude Oowl 1.p 132 112
FR811 Aude Oth 678 65{1 64.1
FR812 Gard Bro 31y7 10(8 313
FR812 Gard Con 59 719 57
FR812 Gard Mix 35 4 35
FR812 Gard Oowl 2.p 1441 2|0
FR812 Gard Oth 5710 6312 57.6
FR813 Hérault Bro 234 17|12 23.4
FR813 Hérault Con 509 443 5.9
FR813 Hérault Mix 2.7 5.B 217
FR813 Hérault Owl 1B 2413 18
FR813 Hérault Oth 662 485 66.1
FR814 Lozere Bro 12.3 144 12.8
FR814 Lozere Con 25.5 11.7 251
FR814 Lozere Mix 5.5 4] 5|5
FR814 Lozere Oowl ip 4 14
FR814 Lozere Oth 55.2 62.5 55.Y
FR815 Pyrénées-Orient@le Bro 15.1 9.4 15.0
FR815 Pyrénees-Orientdle Con 7.9 9. 7.9
FR815 Pyrénées-Orientale Mix 1.1 3.1 1.1
FR815 Pyrénées-Orientale Owl 5.5 13.6 5.
FR815 Pyrénées-Orientgle Oth 70.4 64. 706
FR821 Alpes-de-Haute-Pr Bro 19.2 9.3 19.1
FR821 Alpes-de-Haute-Pr Con 20.3 9.7 9.4
FR821 Alpes-de-Haute-Pr Mix 7.2 5.6 7.4
FR821 Alpes-de-Haute-Pr Owl 1.6 4.9 1.4
FR821 Alpes-de-Haute-Pr Oth 51.7 70. 52.p
FR822 Hautes-Alpes Bro 5.6 19.8 b.6
FR822 Hautes-Alpes Con 20.4 5 1p.7
FR822 Hautes-Alpes Mix 5|6 59 .5
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AVHRR Calibrated

NUTS Region name Clasg Statistigs classification classification
FR822 Hautes-Alpes Owl 2|2 32 2.3
FR822 Hautes-Alpes Oth 64.1 71.6 67.0
FR823 Alpes-Maritimes Bro 1415 78 14.6
FR823 Alpes-Maritimes Con 283 19 2.3
FR823 Alpes-Maritimes Mix 12p 6|1 14.0
FR823 Alpes-Maritimes Owl 217 8|6 27
FR823 Alpes-Maritimes Oth 454 61.8 46.4
FR824 Bouches-du-Rh@n Bro 2.9 7.4 2.9
FR824 Bouches-du-Rh@n Con 129 4.% 12.p
FR824 Bouches-du-Rh@n Mix 35 2.4 3.5
FR824 Bouches-du-Rh@gn Owil 3.9 26.5 3.9
FR824 Bouches-du-Rh@n Oth 76.9 59. 76.8
FR825 Var Bro 26.8 12J6 2616
FR825 Var Con 18.p 102 119
FR825 Var Mix 14.4 6.Y 14p
FR825 Var Owl 3. 22.Pp 3J2
FR825 Var Oth 37.p 4716 3717
FR826 Vaucluse Bro 199 710 195
FR826 Vaucluse Con 112 3.3 10.3
FR826 Vaucluse Mix B 218 519
FR826 Vaucluse Owl 9 1007 3.0
FR826 Vaucluse Oth 597 74.2 6].2
FR831 Corse-du-Sud Bro 23.1 18.5 23.0
FR831 Corse-du-Sud Con 9.1 1L.3 0.3
FR831 Corse-du-Sud Mix 149 9.7 1.9
FR831 Corse-du-Sud Owl 19 245 B.0
FR831 Corse-du-Sud Oth 58.0 3p.0 7.8
FR832 Haute-Corse Bro 14.4 11.0 16.3
FR832 Haute-Corse Con 4.5 16.1 6.7
FR832 Haute-Corse Mix 0|9 78 Q.9
FR832 Haute-Corse Owl 14.8 29.6 1p.9
FR832 Haute-Corse Oth 64.3 3p.5 65.2
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4) ITALY NUTS 2

AVHRR Calibrated
NUTS Region name Class| ta8istics Classification classification

IT11 Piemonte Bro 190 1448 14.8
IT11 Piemonte Con 5J0 26 4.9
IT11 Piemonte Mix 1. 3.p 1o
IT11 Piemonte Oowl 4.p 718 410
IT11 Piemonte Oth 71J0 716 714
IT12 Valle d'Aosta Bro 4.p 12]3 410
IT12 Valle d'Aosta Con 16J0 1143 14.1
IT12 Valle d'Aosta Mix 1. 8.p 1p
IT12 Valle d'Aosta Owl X)) 1L 30
IT12 Valle d'Aosta Oth 760 65|3 74.8
IT13 Liguria Bro 50.4 28.1 49p
IT13 Liguria Con 9.4 58 9.p
IT13 Liguria Mix 2.0 7.2 2.6
IT13 Liguria Oowl 8.4 16. 8.1
IT13 Liguria Oth 31. 42.p 315
IT2 Lombardia Bro 16.p 1243 16]0
IT2 Lombardia Con 6.p U 5|9
IT2 Lombardia Mix 1.4 N 1.p
IT2 Lombardia Oowl 2. B 20
IT2 Lombardia Oth 75.p 7213 751
IT311 Bolzano-Bozen Bro 3|0 14.7 3.0
IT311 Bolzano-Bozen Con 31.0 28.6 3.5
IT311 Bolzano-Bozen Mix 3p 12|8 30
IT311 Bolzano-Bozen Oowl 410 2|6 40
IT311 Bolzano-Bozen Oth 590 43.1 58.5
IT312 Trento Bro 15.p 10J6 15(0
IT312 Trento Con 35p 30[1 35.0
IT312 Trento Mix 2.0 12.8 2p
IT312 Trento Oowl 4. 2.p 40
IT312 Trento Oth 44.p 4414 440
IT32 Veneto Bro 8. 11p 8]1
1T32 Veneto Con 7.p 81 77
IT32 Veneto Mix 1.4 Vi L
IT32 Veneto Owl 3. 7.p 19
IT32 Veneto Oth 81.p 68|7 8012
IT33 Friuli-Venezia Giulia Bro 14p 16|6 142
IT33 Friuli-Venezia Giulia Con 80 12|6 87
IT33 Friuli-Venezia Giulia Mix 4. 8.4 ap
IT33 Friuli-Venezia Giulia Oowl 10.p 50 9|9
IT33 Friuli-Venezia Giulia Oth 6440 57|5 63.0
IT4 Emilia-Romagna Bro 15)0 179 18.3
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AVHRR Calibrated
NUTS Region name Clasg taistics Classification classification

IT4 Emilia-Romagna Con 1J0 214 1.0
IT4 Emilia-Romagna Mix 1.0 36 1]0
IT4 Emilia-Romagna Owl 3p 19|8 30
IT4 Emilia-Romagna Oth 800 54.3 79.7
IT51 Toscana Bro 3410 2215 335
IT51 Toscana Con 410 313 41
IT51 Toscana Mix 1.0 4p 1/0
IT51 Toscana Oowl 40 2110 40
IT51 Toscana Oth 5710 48.4 571.4
IT52 Umbria Bro 32. 18.p 31|18
IT52 Umbria Con 3.0 2B 3J0
IT52 Umbria Mix 1.4 4.4 1.0
IT52 Umbria Owl 3.0 20.2 3p
IT52 Umbria Oth 61.0 536 61|2
IT53 Marche Bro 19.9 1417 1819
IT53 Marche Con 2.p 18 2|0
IT53 Marche Mix 2.4 3. 2.p
IT53 Marche Owl 1. 194 140
IT53 Marche Oth 76.p 61)1 76.0
IT6 Lazio Bro 21.0 17.4 21.p
IT6 Lazio Con 2. 3.p 2p
IT6 Lazio Mix 0.0 3.9 0.
IT6 Lazio Oowl 3.0 23.8 3.4
IT6 Lazio Oth 74.0 51.3 74.0
IT71 Abruzzo Bro 20.0 194 20.1L
IT71 Abruzzo Con 20 34 2|0
IT71 Abruzzo Mix 1.4 4. 19
IT71 Abruzzo Owl 6. 22.8 6.G
IT71 Abruzzo Oth 71.0 49 4 70.p
IT72 Molise Bro 22. 17.B 21J9
IT72 Molise Con 2. 2.4 2P
IT72 Molise Mix 1.0 3.5 1.
IT72 Molise Owl 5.4 24.1 5p
IT72 Molise Oth 70. 52| 70[1
IT8 Campania Bro 21 19|12 21.0
IT8 Campania Con 10 36 1.0
IT8 Campania Mix 0.0 4p 0jo
IT8 Campania Oowl 5p 2413 510
IT8 Campania Oth 73J0 490 73.0
IT91 Puglia Bro 4. 4.8 40
1T91 Puglia Con 1.0 3pb 1]0
IT91 Puglia Mix 1.d 0.1 1.p
1T91 Puglia Oowl 1 29.8 10
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AVHRR Calibrated
NUTS Region name Clasg Statistigs Classification classification

IT91 Puglia Oth 93.0 62.] 92.9
1IT92 Basilicata Bro 18.p 1313 1719
IT92 Basilicata Con 2.p 316 2|0
1IT92 Basilicata Mix 1.4 3.2 1.p
IT92 Basilicata Owl 8. 26.p 8J0
IT92 Basilicata Oth 71.p 53J3 711
IT93 Calabria Bro 20.0 17.4 20.9p
IT93 Calabria Con 6.p 6/1 6]1
IT93 Calabria Mix 2. 58 2p
IT93 Calabria Owl 9. 25.4 9.4
IT93 Calabria Oth 63.0 46.] 62.8
ITA Sicilia Bro 5.0 5.4 5.]
ITA Sicilia Con 2.0 5.4 21
ITA Sicilia Mix 1.0 1.8 1.0
ITA Sicilia Oowl 2.0 30.9 2.4
ITA Sicilia Oth 90.d 56.4 89.B
ITB Sardegna Bro 12]0 105 13.0
ITB Sardegna Con 10 514 1.0
ITB Sardegna Mix 1.0 ap 1/0
ITB Sardegna Oowl 260 2911 24.1
ITB Sardegna Oth 60(0 50.9 59.9
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