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Comparing multisource harmonized forest
types mapping: a case study from central
Italy

Matteo Vizzarri", Ugo Chiavetta ®, Gherardo Chirici ", Vittorio Garfi ",
Annemarie Bastrup-Birk ®, Marco Marchetti

The availability of common standardized geospatial information on composi-
tion, structure and distribution of forests is essential to support environmental
actions, sustainable forest management and planning policies. Forest types
maps are suitable tools for supporting both silvicultural and forest planning
choices from local to global scale levels. For this reason local authorities may
develop forest types maps independently, in which case a standardized/har-
monized framework for their comparison and aggregation is essential. At the
same time local forest types maps may not be directly related to pan-European
forest resources assessments and classification systems. This paper presents
results of the harmonization of four forest types maps available for central
Italy. The process is based on a bottom-up approach aimed at maintaining the
most detailed common nomenclature system across the different Regions. The
final results, in terms of forest types area, are compared with several inde-
pendent sources of information: (i) two forest maps, one developed at national
level on the basis of the Corine Land Cover 2006, and one for high resolution
forest / non forest classification developed at pan-European level; and (ii) two
sample based inventories: the Italian National Forest Inventory (INFC) and the
Italian Land Use Inventory (IUTI). The results show that the proposed bottom-
up harmonization approach is a suitable tool to guarantee the integrity and ho-
mogeneity of local forest types nomenclature systems, and to integrate such
local data with European standards.

Keywords: Forest Categories, Forest Types, Central Italy, Forest Area Estima-
tion, Forest Nomenclature Systems, Forest Resources Classification, Forest Re-
sources Mapping

Introduction nomenclature systems to describe the charac-
teristics of forests is necessary to facilitate
Forest types the integration of forest ecosystem planning,

Information on the distribution and charac-
teristics of forest ecosystems is essential to
support decision makers for a correct imple-
mentation of Sustainable Forest Manage-
ment (SFM) and to optimize the provisio-
ning of ecosystem services (Kohl et al.
2006). The use of standardized multi-scale

usually developed for large regional and
continental areas, with forest management
strategies developed at local level.

In such a framework the Forest Types
(FTs) approach, originally developed in Italy
two decades ago (Del Favero et al. 1990), is
nowadays frequently adopted as a nomencla-
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ture system for forest classification, since
FTs can be directly related to silvicultural
treatments and other ecological forest cha-
racteristics. A FT can be described as “a ca-
tegory of forest defined by its composition,
and/or site factors (locality), as categorized
by each country in a system suitable to its
situation” (Canadian Forest Service 1995).
This concept embraces all forest classifica-
tion systems that allow a hierarchical assess-
ment of forest stands through a synoptic
evaluation of both vegetation composition
(floristic and/or phytosociological) and eco-
logical-silvicultural characteristics (Del Fa-
vero 2000).

FTs classification systems are usually orga-
nized according to a hierarchical structure:
the main level is based on types which are
grouped in categories usually on the basis of
the main dominant tree species, types may be
optionally further divided in subtypes or
variants.

FTs are commonly assessed at stand level
to be consistent with the scale of forest
resource management units (Corona et al.
2004), but they are also frequently used as a
system of nomenclature of forest maps crea-
ted on the basis of remotely sensed data.

At a continental level, the European Envi-
ronmental Agency (EEA 2006) published a
first version of a European Forest Types
(EFTs) system that was adopted by Forest
Europe/UNECE/FAO (2011) for reporting a
large set of SFM indicators for European
countries. The EFTs were recently revised
with minor adjustments in Barbati et al.
(2014).

Forest types area assessment in Italy

Forest resource assessments can be applied
using two principal methodologies: (i) forest
inventory based on the investigation of a
small part of the interested region in the
form of a sample, the result is an aggregated
statistic for the whole region or for a subpart
of it; and (ii) forest mapping, that is nowa-
days based on the elaboration of remotely
sensed data to investigate the entire region of
interest. The result is a geographical depic-
tion of the location of forest and related at-
tributes (Corona 2010).

Currently there are several independent
sources of information available in Italy for
estimating forest area, which are all based on
different systems of classification. Following
is a brief description of the state of the art in
this field.

The second Italian National Forest Invent-
ory (INFC 2005 - Inventario Nazionale delle
Foreste e dei serbatoi forestali di Carbonio)
provided the estimation of forest area on a
nomenclature system structured into 17 fo-
rest categories (FCs), further divided in 91
sub-categories (Sub-Cs - Tabacchi et al.
2007). INFC was based on a three-phase
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Tab. 1 - Main characteristics of the local FTs maps used in the study.

Region Regional area Reference Forest area Percent of
(ha) year (ha) forest cover
Abruzzo 1 083 004 2005 454 017 41.9
Lazio 1722 620 2007 619 575 359
Marche 972 860 2001 256 620 26.3
Molise 446 107 2004 157 609 353

sampling design: the first phase was carried
out on the basis of digital aerial orthophotos
on a total of approximately 300 000 sam-
pling units distributed on the basis of a tes-
sellated random sampling, while the second
and third phases were based on field work.
The forest definition adopted was the same
used by FAO (2000).

More recently the Italian Land Use Inven-
tory (IUTI - Inventario dell’Uso delle Terre
in ltalia) sought to estimate the area cove-
rage of six land use categories (including
“Forest land” - Corona et al. 2012). The
IUTI project, according to the GPG-LU-
LUCF guidelines (Romano et al. 2011), was
carried out by manual classification of sam-
pling units distributed on the basis of a tes-
sellated random sampling (Fattorini & Ta-
bacchi 2004) superimposed on digital aerial
orthophotos. The forest definition adopted in
IUTI was the same as that of the INFC.

Both INFC and IUTI projects provided es-
timates, with confidence intervals, at country
level and for NUTS2 administrative units
(called “Regions” in Italy).

In central Italy, FTs maps are currently
available for many Regions: Tuscany (Hof-
mann et al. 1998), Marche (IPLA 2001,
Pesaresi et al. 2007), Lazio (Chirici et al.
2014), Abruzzo (Corona et al. 2001) and
Molise (Garfi & Marchetti 2011). Those
from Marche, Lazio, Abruzzo and Molise
were all developed using the same methodo-
logy and adopted the same forest definition
as that used by INFC and IUTI, with the sa-
me scale (1:10 000) and the same Minimum
Mapping Unit (MMU) of 0.5 ha. But the
four maps adopted different nomenclatures
all based on forest categories subdivided in
types.

In Italy, the Corine Land Cover (CLC)
2000 and 2006 maps were developed refi-
ning the original European nomenclature
system. The standard forest classes (broad-
leaved/coniferous/mixed) were detailed in 14
FCs based on dominant species. The CLC
maps were developed by manual delineation
of multispectral satellite images, with a scale
of 1:100 000 and a MMU of 25 ha (Sambu-
cini et al. 2010).

At pan-European level, the European Com-
mission’s Joint Research Centre (JRC) de-
veloped FMAP2006 and FTYP2006, a high
resolution (pixel of 25 m) forest, non-forest
map and a forest type map derived from the
IMAGE2006 database, MODIS data and the

CLC2006 map as training data (Kempeneers
etal. 2011).

It is important to note that in Italy the vege-
tation was recently classified by Blasi (2010)
into 240 series, 37 vegetation mosaics, 39
geo-series (sigmeta), which were then reas-
sembled into 279 legend classes. The system
resulted from the integration of two proces-
ses: (i) land units obtained through a hierar-
chical land classification; and (ii) vegetation
series defined using phytosociological field
data and the expert knowledge of the rela-
tionships between present vegetation com-
munities, environmental factors and vegeta-
tion dynamics.

Finally, forest habitats can be also classi-
fied according to the CORINE habitat no-
menclature system that is based on a total of
230 classes (Amadei et al. 2003).

The aim of this contribution

The topic of contrasting different informa-
tion sources for forest area assessment is re-
levant both for the scientific community and
for forest managers and decision-makers.
Such an interest was clearly demonstrated at
a pan-European level by Seebach et al.
(2011) when country level forest area esti-
mates were calculated on the basis of diffe-
rent sources of information, including NFIs
and CLC maps.

Since the different monitoring projects
available in Italy (INFC, IUTI, CLC and
JRC forest / non-forest map, local forest
maps) were developed independently of each
other, the problem of harmonizing the diffe-
rent nomenclature systems across the diffe-
rent administrative Regions was extremely
relevant. In the framework of the approach
recently proposed by Stéhl et al. (2011), the
comparison of forest information acquired
on the basis of different definitions can be
approached through the use of “harmoniza-
tion bridges” (McRoberts et al. 2009). The
harmonization approach can be seen as a
method to maintain the characteristics of lo-
cal data which are based on different defini-
tions and methods enabling their compara-
bility at a higher hierarchical level on the
basis of commonly agreed reference defini-
tions.

The aim of this paper is to first present the
development of bridges to create a harmoni-
zed high resolution FTs map (scale 1:10 000,
MMU of 0.5 ha) based on local maps availa-
ble in a study area in central Italy that in-

cludes the administrative Regions of Mar-
che, Abruzzo, Lazio and Molise. This ap-
proach produced on a harmonized nomen-
clature system with relationships with other
existing systems: INFC, CLC06, EFTs, ve-
getation of Italy (Blasi 2010) and CORINE
biotopes. Subsequently we compared the re-
sulting harmonized FTs area estimations ba-
sed on local high resolution forest maps with
those resulted from other independent sour-
ces: the Italian National Forest Inventory
(INFC 2003), and the CLCO06 classes (Sam-
bucini et al. 2010). The same test was re-
peated comparing forest / non-forest area es-
timations, including the results obtained
from IUTI and the JRC map.

Materials and methods

Materials

The study area covers a total of 42 246 km?
and includes four administrative Regions
located in central Italy: Marche, Abruzzo,
Lazio, and Molise. The elevation ranges
from sea level to the top of Gran Sasso
(2914 m as.l), the highest peak of the
Apennine mountain range. The climate in
the study area is mainly Mediterranean and
temperate with precipitations concentrated in
spring and autumn.

For the study area, four regional high reso-
lution forest maps were used. The maps were
originally produced at a scale of 1:10 000,
with a MMU of 0.5 ha, and are all based on
the manual delineation of digital orthophotos
acquired in the period 2001-2007, integrated
with field assessment (Tab. 1).

The formal accuracy of these maps is un-
known but they are all released with a certi-
fied thematic accuracy of at least 85%, ac-
cording to the well-known international stan-
dard originally proposed by Anderson et al.
(1976). The four maps adopt the same forest
definition from the FAO (2000) but different
nomenclature systems: in Abruzzo 32 FTs
grouped in 12 FCs (Corona et al. 2001); in
Lazio 36 FTs grouped in 16 FCs (Chirici et
al. 2014); in Marche 42 FTs grouped in 11
FCs (IPLA 2001); in Molise 40 FTs and 14
FCs (Garfi & Marchetti 2011).

The CLCO06 forest map and the 2006 JRC
high resolution forest / non-forest map, both
available on-line, were clipped to the extent
of the four administrative Regions. Finally
the aggregated statistics of forest area for the
different FCs of the National Forest Inven-
tory (INFC - Gasparini et al. 2010) and for
the forest area from the IUTI project were
acquired.

Methods

The methodology adopted to harmonize the
FTs nomenclature systems of the different
dataset available in the study area follows a
bottom-up approach, from local to European
level, and from FTs to FCs. Fig. 1 presents
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an overview of the whole methodological
framework adopted to harmonize the FTs
systems.

Firstly the four FTs systems from the high
resolution forest maps of Marche, Abruzzo,
Lazio and Molise were compared and a new
reference system, called Harmonized Forest
Types Nomenclature System (HFTNS), was
created for the study area. The new reference
HFTNS was organized in Harmonized Forest
Types (HFTs) grouped in Harmonized Forest
Categories (HFCs). The HFTNS was built by
comparing and assessing the corresponden-
ces among the diagnostic characters of the
FTs nomenclature systems implemented in
each one of the four investigated Regions
(Del Favero & Lasen 1993, Del Favero
2010). Within the framework of the general
harmonization rules presented in Stéhl et al.
(2011), two principles were followed: (i) to
permit the unambiguous reclassification of
regional FTs in the new HFTs; (ii) to deve-
lop the most detailed nomenclature systems
preserving as far as possible the detail of the
original four nomenclature systems.

Under a logical point of view, the different
nomenclature systems were firstly aggrega-
ted with a merge (union) operator. The resul-
ting system was then simplified by aggrega-
ting those local forest types that had the
same diagnostic characters. Finally the types
were aggregated in categories.

For each one of the resulting HFTs a uni-
que correspondence was found with: (i) the
FCs of the INFC nomenclature system; (ii)
the EFTs sensu Barbati et al. (2014); (iii) the
CLCO06 classes; (iv) the vegetation classes
from Blasi (2010); and (v) the CORINE bio-
topes.

Each polygon of the four local high resolu-
tion forest maps was reclassified according
to the HFTNS, and the resulting harmonized
maps were merged.

The forest area for the four different ad-
ministrative Regions was calculated on the
basis of: (i) IUTL (ii) INFC; (iii) CLCO6;
and (iv) the mosaic of regional HFTs maps.

By analyzing the bridges between the
HFTNS and the other nomenclature systems
it was possible to create a common simpli-
fied nomenclature to compare the forest area
for the different classes on the basis of: (i)
INFC; (ii) CLCO06; and (iii) the mosaic of re-
gional HFTs maps.

Results

The first results of this test are the bridges
created to reclassify FTs and FCs across the
different nomenclature systems: those locally
available in the four administrative Regions;
the system adopted by the INFC; the Italian
implementation of the CLCO06; the EEA
EFTs sensu Barbati et al. (2014); the Blasi
(2010) system used to describe the vegeta-
tion of Italy; and finally the CORINE bio-
topes.

Multisource forest types mapping comparison

7N European Forest Types —
Category level
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Fig. 1 - Bottom-up approach adopted to harmonize FTs nomenclature systems. The flow-
chart shows the bottom-up approach adopted to harmonize FTs nomenclature systems at re-
gional, national and European levels. From bottom to top, the arrows show the correspon-
ding directions followed to harmonize the different FTs nomenclature systems at each step.

In Appendix 2 we provide the bridges in
terms of the correspondences between the
HFTNS and (i) CLCO06 classes, (ii) EFTs,
and (iii) INFC FCs and Sub-Cs, while in Ap-
pendix 3 those for (i) the syntaxonomic clas-
ses (sensu Blasi 2010), and (ii) the CORINE
biotopes.

The second set of results concerns the com-
parison of forest areas by FTs.

The HFTNS developed by harmonization
of the different FTs nomenclature systems
resulted in 42 HFTs grouped in 16 HFCs. In
Appendix 3 the correspondences between
the HFTs and the original FTs from the re-
gional maps is presented.

Merging the four FTs maps based on the
new HFTNS in the study area we produced a
new harmonized map (Fig. 2).

In Fig. 3 the area calculated on the basis of
the dominant FCs was recalculated from the
new harmonized map of Fig. 2.

Results in terms of forest / non-forest
area

The forest area in the study area was calcu-
lated on the basis of the five available data-
sets (Fig. 4).

The design based forest area estimations by
IUTI and INFC tends to be very similar
(1470 564 ha and 1 432 485 ha, respective-
ly), the difference for both is within their re-
lative confidence interval. The forest area
from the HFCs and the JRC forest / non-
forest maps appears to be higher (1 487 822
ha and 1552 179 ha, respectively), while
that from CLCO6 appears lower (1 303 730
ha).

When the same comparison is carried out
separately for the four administrative Re-
gions (Fig. 4), the following main results can

be denoted: (i) the sampling based estima-
tions (IUTI and INFC) are never within their
relative confidence intervals; (ii) in all Re-
gions with the exception of Lazio, the INFC
estimation is lower than that from IUTI; (iii)
the forest area from CLCO06 always tends to
be lower with respect to IUTI and INFC; (iv)
the forest area from the JRC forest / non-
forest map always tends to be higher when
compared to IUTI and INFC; (v) the forest
area from HFCs maps tend to be higher than
IUTI and INFC in all the Regions, with the
exception of Marche; (vi) in Molise a relati-
vely consistent agreement is shown across
the different datasets.

Results in terms of forest types area

On the basis of the HFTs map (Fig. 2), the
37% of the total forest area is covered by
forests dominated by Turkey and downy
oaks (Quercus cerris and Q. pubescens),
mainly in meso-xerophilous conditions, with
a total of more than 547 000 ha. Beech
forests (Fagus sylvatica), with 254 792 ha
(about the 17% of the total), are the second
most important HFC. They are mainly loca-
ted in mountainous sites in Abruzzo and
Molise. Other broadleaved forests in meso-
phylous conditions dominated by hop-horn-
beam and flowering ash (Ostrya carpinifolia
and Fraxinus ornus) cover almost 300 000
ha (13% of the total). Other FCs dominated
by coniferous in mountainous (Pinus nigra
and Abies alba) and Mediterranean condi-
tions (Pinus pinea and Pinus pinaster),
chestnut (Castanea sativa), evergreen oaks
(Quercus ilex and Q. suber) and riparian
formations, all range between 4 and 5%.
Forest plantations are negligible and finally
Other Wooded Land (OWL) covers almost
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Fig. 4 - Forest area estimates (ha) from HFCs
map, CLC06 map, IUTI, INFC and JRC for
all regions in central Italy. Error bars repre-

sent SE of [UTI and INFC, respectively.

150 000 ha (10%).

To make possible the comparison of FCs
across the three available sources (HFTs
map, CLC06 map, and INFC statistics), we
used an aggregated nomenclature system ba-
sed on nine macro categories (Tab. 2).

The results of the comparison are presented
in Fig. 5. For only two classes, beech (BF)
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and deciduous oaks (DO_SO LO TO), the
areas from both maps (HFCs and CLCO06)
were quite consistent with the official stati-
stics from INFC but were outside of their
confidence intervals. For both classes, the
figures from the HFCs map were higher by
11% and 9% respectively, while the CLC06
figures for beech was higher by 7%, and

lower for deciduous oaks by 6%. Together
these two classes, on the basis of INFC, rep-
resent more than the 50% of the total forest
and OWL area. In addition, three classes:
chestnut (CF), evergreen oaks (HO_CO) and
site native coniferous forests (SNC), showed
a relatively consistent area estimation, but
when combined based on the INFC, they

Tab. 2 - Aggregated nomenclature system used to compare HFCs, INFC and CLCO06. For each one of the nine aggregated classes the corres -
pondence with the different sources is provided. See Appendix 2 for a more detailed description of the different classes.

Aggregated CLC06 Code CLCO06
HFCs HFCs  INFC (National level) Classes description
BF BF BF 3.1.1.5 Forests dominated by beech
(3.1.3.1.5)
CF CF CF 3.1.14 Forests dominated by chestnut
3.1.3.14)
HO _CO HO HO 3.1.1.1 Forests dominated by oaks and other evergreen broadleaved species
CO Cco (3.1.3.1.1) (holm oak and cork oak)
DO SO LO_TO DO DO SO LO 3.1.1.2 Forests dominated by other deciduous oaks (Turkey oak and/or downy
SO (3.1.3.1.2) oak and/or Hungarian oak and/or sessile oak)
LO
TO TO
HH_OBL HH HH 3.1.1.3 Forests dominated by other site-native broadleaves (mesophilous and
OBL OBL (3.1.3.1.3) meso-thermophilous broadleaves as maple-ash, hop-hornbeam and
flowering ash)
RF RF RF 3.1.1.6 Forests dominated by hygrophytes
(3.1.3.1.6)
NSP NSP NSP 3.1.1.7 Forests and/or ex-plantations dominated by self-sown exotic
broadleaved species
SNC SNC.1 SNC.1 3.1.2.1 Forests dominated by Mediterranean pines and cypresses
(3.1.3.2.1)
SNC.2 SNC.2 3.1.23 Forests dominated by silver fir and/or spruce
(3.1.3.2.3)
SNC.3 SNC.3 3.1.2.2 Forests dominated by oro-Mediterranean and Mountainous pines
(3.1.3.2.2)
HSL MSL HMSL HSL HSL MSL HMSL 322323 Moorlands and bushes, sclerophyllous species areas, areas character-
MSL 3.24 ized by evolving woody and shrubby vegetation
HMSL
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only represent 12% of the total area. The fig-
ures from the HFCs map were higher than
INFC by 53%, lower by 17% and higher by
31% respectively, while on the basis of
CLCO06 they were higher by 43%, and lower
by 25% and by 2% respectively.

The remaining four classes show more rele-
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vant discrepancies. For other native broad-
leaved forests (HH-OBL), which represented
27% of the area, the HFCs and CLCO06 figu-
res were higher than INFC by 33% and 65%,
respectively. For OWL (HSL MSL HMSL)
(5% of the total) HFCs map was higher than
INFC for the 99%, and the CLC06 was hi-
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Fig. 6 - Comparison of HFCs and CLCO06 forest area estimation against INFC, values in 10*
ha. Each case is one of the aggregated forest macro-categories from Tab. 2 for each of the
four Regions. Linear regression for CLC06 has R? of 0.61 and of 0.89 for HFCs.

gher for a 257%, for riparian forests (RF)
(3.5% of the total) the figure from HFCs
map was higher than INFC for a 49% but
that from CLCO06 was lower for a 70% . Fi-
nally, for broadleaved plantations (NSP)
(1.5% of the total) HFCs and CLCO06 figures
were lower than INFC for a 75% and for a
90% respectively.

Discussion and conclusions

This contribution presents the harmoniza-
tion test carried out to merge high resolution
FTs maps available for four administrative
Regions in Central Italy. The maps were in-
dependently developed referring to the pe-
riod 2001-2007 and adopted the same FAO
forest definition, and were created with the
same methodology.

Following the approach proposed by Stihl
et al. (2011), harmonization bridges in the
form of univocal correspondences among
different FTs nomenclature systems, were
used to develop a reference harmonized FTs
nomenclature system (HFTNS) and bridges
were then created between the HFTNS and
the original FTs. After the harmonization,
the forest area calculated on the basis of the
different data sources (inventories and maps)
was compared.

The proposed bottom-up approach appears
to be feasible to classify and harmonize
forest resources. Indeed, it guarantees the in-
tegrity and homogeneity of local FTs sys-
tems, as well as the best possible characteri-
zation of forest resources at regional level,
maintaining the possibility of upscaling and
downscaling information at the different spa-
tial scales.

The HFTNS was aimed at solving current
difficulties in exchanging forest data and in-
formation between forest managers, land
planners and decision-makers at different
scales and across different local administra-
tions. For example, on the basis of the HFTs
map, the automatic derivation of a FTs map
for those protected areas which are across
the regional administrative borders is now
possible. Harmonized nomenclature systems
should be used for multi-scale forest resour-
ces monitoring to limit lacks and mismatches
in available data and information, also con-
tributing to reduce the delay in the imple-
mentation of common rules, laws and gui-
delines at regional, national, and European
levels.

Even if the methodology was successfully
applied in the case study presented, some
critical points in harmonizing FTs need to be
highlighted. It is possible to create bridges
between different FTs systems but it is more
difficult to find correspondences between
forest classification systems developed using
different approaches. This was the case when
we compared local FTs systems with the
forest classes used by the INFC, which are
not based on the “forest type” approach but
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are more simply based on dominant tree spe-
cies. On the opposite, the identification of
bridges between the four local FTs systems
and the EFTs system developed by EEA was
quite straightforward (Barbati et al. 2014).

In Italy, the “forest type” definition is
based on a mix of physiognomic-structural
characteristics and syntaxonomic and flori-
stic information of the current stand condi-
tions. Unlike phytosociological approach,
the FTs approach is not based on the concept
of climax or potential vegetation. Indeed,
FTs represent only the actual forest vegeta-
tion resulting from the spatial and temporal
scales and patterns of disturbances. Nonethe-
less, in most cases the correspondences are
possible between the two approaches (FTs
vs. phytosociological systems). This was cle-
arly demonstrated in our test case with the
quite simple and direct relationship we
found between local FTs and the botanical
approach used by Blasi (2010 - see Ap-
pendix 3 for the results).

The results obtained in forest area estima-
tion by forest macro-categories (Fig. 5) in-
dicate a general mismatch between the re-
sults from the different FCs maps (from
HFCs and CLCO06) when compared with
INFC estimates. The agreement is higher for
the two dominant FCs (deciduous oaks and
beech), but the error is never below the 6%,
always more than the confidence interval of
INFC.

When these results are analyzed separately
for each Region (Fig. 5), we found that the
Molise is the region where the area figures
calculated for five out of the nine macro ca-
tegories from the HFCs map (BF, HH-OBL,
NSP, RF and SNC) are within the confiden-
ce intervals of INFC estimates. This result is
obtained only in Abruzzo with CF and SNC
and in Lazio and Marche with HO-CO and
SNC. These results can probably be explai-
ned considering that forest types dominated
by deciduous oaks (mainly Quercus cerris
and Q. pubescens) have frequently the pre-
sence of Acer and Fraxinus spp. too. Using
photointerpretation, it is extremely difficult
to discriminate these mesophylous forma-
tions and consequently obtain a good accura-
cy in mapping HH-OBL classes. The same
problem probably occurred in mapping
OWL (the HSL_ MSL HMSL macro catego-
ry). We hope that the future availability of
wall-to-wall Airborne Laser Scanning (ALS)
data would contribute to a better discrimina-
tion of these formations on the basis of their
canopy height.

When moving from FCs to forest / non-fo-
rest area estimation, the divergences between
the different sources of information, inclu-
ding the pan-European mapping approaches,
are reduced.

It is important to note that the agreement
with INFC estimates is higher for HFCs
maps than for CLC06 (Fig. 6). This is an ex-

pected result since all the FTs maps available
in the four Regions are implemented with a
MMU and a minimum crown coverage that
is coincident with the forest definition adop-
ted by the INFC, while the CLCO06 is imple-
mented with a much greater MMU (25 ha for
a reference scale of 1:100 000) and a crown
cover threshold of 30% instead of 10%. The-
se results confirm previous conclusions re-
lated to the fact that the forest area calcu-
lated on the basis of CLC is usually under-
estimated when compared with national
forest inventories estimates (Seebach et al.
2011).

Local differences in the investigated Re-
gions are probably due to the quality of the
different maps, a more in deep analysis of
omission and commission errors could be
possible only if the location of INFC sam-
pling units would be available.

In the future we hope that the different
forest monitoring and forest inventory pro-
grams currently active in Italy, as well as in
Europe, will potentially converge on a com-
mon nomenclature system. The raw data ac-
quired in forest inventories can be used to
obtain forest area estimates on the basis of
multiple nomenclature systems. Stakeholders
and agencies responsible for forest invento-
ries and land use/land cover mapping should
join the efforts at national and local level in
order to develop harmonized multiscale sys-
tems. The EFTs (Barbati et al. 2014) appear
as a good basis to create a practical relatio-
nship between local forest management and
country and European programs. The links
we proposed between HFCs vegetation clas-
ses and CORINE biotopes (Appendix 3)
could be extremely useful for forest mana-
gers involved in activities related to the ap-
plication of SFM practices, for example
within Natura2000 Network sites.

An attempt to establish bridging functions
between HFCs and Natura2000 Network
would be very interesting to highlight the
implications of forest type mapping as well
as for mapping Natura2000 Network habi-
tats.

Recently for the first time Forest Europe/
UNECE/FAO (2011) presented forest area
estimates based on the EFTs nomenclature
system (Barbati et al. 2014); but at the mo-
ment a pan-European FTs map still does not
exist, even considering that several tests
were carried out to obtain a coniferous/
broadleaved map (Kempeneers et al. 2011)
and a dominant tree species map (Brus et al.
2012).

Several possible and feasible solutions can
be foreseen to derive a EFTs (sensu Barbati
et al. 2014) map, if a new parallel project
will not be funded: upgrading the Corine
Land Cover including a more detailed FCs
classification, following the example of Ita-
ly, or harmonizing and then merging local
and national forest maps available in the dif-

Multisource forest types mapping comparison

ferent Countries, or using the plot level in-
formation from NFIs, or a mix of the afore-
mentioned approaches.
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