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Abstract In the frame of a process aiming at harmo-
nizing National Forest Inventory (NFI) and ICP
Forests Level I Forest Condition Monitoring (FCM)
in Italy, we investigated (a) the long-term consistency
between FCM sample points (a subsample of the first
NFI, 1985, NFI 1) and recent forest area estimates
(after the second NFI, 2005, NFI_2) and (b) the effect
of tree selection method (tree-based or plot-based) on
sample composition and defoliation statistics. The two
investigations were carried out on 261 and 252 FCM
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sites, respectively. Results show that some individual
forest categories (larch and stone pine, Norway
spruce, other coniferous, beech, temperate oaks and
cork oak forests) are over-represented and others
(hornbeam and hophornbeam, other deciduous broad-
leaved and holm oak forests) are under-represented in
the FCM sample. This is probably due to a change in
forest cover, which has increased by 1,559,200 ha
from 1985 to 2005. In case of shift from a tree-based
to a plot-based selection method, 3,130 (46.7 %) of the
original 6,703 sample trees will be abandoned, and
1,473 new trees will be selected. The balance between
exclusion of former sample trees and inclusion of new
ones will be particularly unfavourable for conifers
(with only 16.4 % of excluded trees replaced by new
ones) and less for deciduous broadleaves (with 63.5 %
of excluded trees replaced). The total number of tree
species surveyed will not be impacted, while the num-
ber of trees per species will, and the resulting (plot-
based) sample composition will have a much larger
frequency of deciduous broadleaved trees. The newly
selected trees have—in general—smaller diameter at
breast height (DBH) and defoliation scores. Given the
larger rate of turnover, the deciduous broadleaved part
of the sample will be more impacted. Our results
suggest that both a revision of FCM network to ac-
count for forest area change and a plot-based approach
to permit statistical inference and avoid bias in the tree
sample composition in terms of DBH (and likely age
and structure) are desirable in Italy. As the adoption of
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a plot-based approach will keep a large share of the
trees formerly selected, direct tree-by-tree comparison
will remain possible, thus limiting the impact on the
time series comparability. In addition, the plot-based
design will favour the integration with NFI 2.

Keywords Plot allocation - Tree selection methods -
Sample statistics - Forest inventory - Forest condition
monitoring - Italy

Introduction

Forest resources in European countries are being moni-
tored at the large scale by two main categories of survey,
the National Forest Inventories (NFIs) (Tomppo et al.
2010) and the Level I Forest Condition Monitoring
(FCM) originally installed under the auspices of the
UN-ECE International Co-operative Programme on the
Assessment and Monitoring of Air Pollution Effects on
Forests (ICP Forests) (Fischer and Lorenz 2011).

NFIs have a long history in providing basic informa-
tion on forest resources in a given country (e.g. Frayer
and Furnival 1999): NFIs based on statistical sampling
have been installed in Europe since the 1920s in Nordic
countries and now cover all European countries (e.g.
Thorell and Ostlin 1931; Tomppo et al. 2010).
Traditionally, NFIs were concerned with the estimation
of forest areas, growing stock and marketable forest
products, and only recently their objectives have been
widened to include also non-forest products and attrib-
utes related to forest condition, diversity and sustain-
ability and represent a valuable source of environmental
data (Gasparini et al. 2009). Because NFIs are typically
developed at national level, target populations (e.g. def-
initions of forest), sampling designs, attributes and men-
suration methods may differ considerably among
countries (Tomppo et al. 2010). Recently, a process has
been promoted by a network of European NFIs (ENFIN,
http://enfin.info/) to harmonize NFIs in Europe.

FCM Level I networks were installed in Europe in
the 1980s in response to the concern about a possible
deterioration of forest health in relation to air pollution
(e.g. Lorenz 1995; Innes 1993) and now cover ca. 35
European countries. FCM is mostly concerned with a
visual estimate of tree condition, with defoliation be-
ing the most important attribute to be assessed (Ferretti
1997). It is worth noting that—unlike NFIs—FCM
was installed under an international perspective
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following harmonized methodologies and supported
by international conventions (UN-ECE Convention
on Long-Range Transboundary Air Pollution), regula-
tions and funds (e.g. EC Reg. 3528/86). Despite this
background, the international Level I network appears
as a composite of country-based FCM networks
(Cozzi et al. 2002) where differences similar to those
reported for NFIs (Tomppo et al 2010) exist.

Due to country-specific approaches in implement-
ing NFIs and FCM, different relations exist between
the two systems in the various countries: In some
countries, FCM was installed on NFI plots (e.g.
Austria, Switzerland); in others (e.g. Spain), the two
networks were designed and implemented separately;
and in some other countries (e.g. Finland, Italy), al-
though initially on the same network, FCM and NFI
were subsequently separated (Chirici et al. 2010).

In Italy, the first NFI (hereafter referred to as
NFI 1) was carried out in 1985 and was based on a
systematic 3x3-km grid resulting in approximately
9,000 forest sampling units (Table 1) (MAF-ISAFA
1985). A subsample of these units, selected on a 15x
18-km grid to obtain a density of 1 U/256 km? (con-
sistent with the ICP Forests-recommended 16x16 km
grid), was adopted for FCM (Fig. 1). Since then,
annual observations have been conducted on a number
of trees selected on these units according to a spiral
track (Fig. 2). In 2002, a new NFI (hereafter
referred to as NFI 2) was undertaken according to a
different definition of forest and a more sophisticated
and efficient design (Gasparini et al 2010), with a
three-phase sampling based on tessellation stratified
sampling (Cordy and Thompson 1995; Stevens 1994;
Fattorini et al. 2006). The original NFI_1 network was
then abandoned for inventory purposes, while the
subsample selected for FCM was kept. The conse-
quence is that nowadays NFI and FCM are on two
different networks and address two different target
populations. Besides this, FCM and NFI 2 still adopt
different methods for tree selection (Table 1). This
point does matter: On one side, NFI 2 adopts fixed
area plots with a variable number of trees (hereafter
referred to as plot-based); on the other side, FCM
keeps selecting a fixed number of trees (min. 10,
max. 30, Bussotti et al. 1999; hereafter referred to as
tree-based) according to a spiral track (Fig. 2) starting
from the sampling point, and sample trees are perma-
nently numbered. It is worth noting that such a selec-
tion of a fixed number of trees precludes the
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Table 1 Main features of NFIs and FCM in Italy

Features NFI 1 Current FCM NFI 2
Reference year 1985 19852011 2005
Definition of forest Minimum area 0.2 ha As in NFI 1 Minimum area 0.5 ha

Area surveyed, km?
Sampling scheme

Terrestrial plot, n
Plot design
Plots status
Forest area, km?

Connection

Minimum width 20 m
Potential tree height No
Tree canopy >20 %
301,000

Systematic sampling
on 3x3 km grid

9,000

Fixed area

Not obvious (trees not marked)
7,200,000

With FCM

Only forest plots after NFI 1

Subsampling of NFI 1,
15%18 km grid

261

No plot (tree selection)
Obvious (trees marked)
Not considered

With NFI_1

Minimum width >20 m
Potential tree height >5 m
Tree canopy >10 %
301,000

Three-phase design, tessellation
stratified sampling

30,000 (phase 2)—6,865 (phase 3)
Fixed area

Not obvious (trees not marked)
8,759,200

None

NFI 1 (carried out in 1985) was the basis for the set up of the FCM on a subsample of the original 9,000 terrestrial plot

estimation of population parameters (at least from a
design-based perspective), owing to the difficulties in
determining the inclusion probabilities of trees (Kleinn

and Vilcko 2006). In this line, the recently revised ICP
Forests manual for FCM emphasizes that “it is impor-
tant that plots are designed on a fixed area basis, a

Fig. 1 Distribution of FCM
Level I sampling points
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Fig. 2 Impact of the sample trees selection method. a Tree-
based selection: Sample trees (DBH>12 cm, dominant or co-
dominant) are selected moving clockwise on a spiral track. b
Plot-based selection: Sample trees (dominant or co-dominant)
are selected within circular sample plots (r=12 m for tress with
DBH>10 cm and =18 m for trees with DBH>40 cm). The two

condition necessary for estimation purposes and to
allow a better integration with NFIs” (Ferretti et al.
2010). The plot-based approach has been recently
suggested as a unifying framework for FCM in
Europe (Travaglini et al. 2012).

The disadvantages of having two different monitor-
ing systems are obvious: Costs, possible inconsistency
of information and—in case of separation of NFI and
FCM—vpotential loss of representativeness in relation
to change in the target population. This latter problem
may occur also because—as customary in Europe—
FCM plots were installed only on forested land and
therefore cannot reflect the conversion of non-forest
land to forest uses. As similar situations of separated
networks are frequent in Europe (Chirici et al. 2010),
there is a generalized interest to develop concepts and
methods to favour some form of harmonization or
integration between NFIs and FCM (e.g. Wulff et al.
2011). According to Ferretti (2010), possible perspec-
tives towards the harmonization/integration between
NFIs and FCM include (a) simple harmonization of
mensurational methods, leading to comparable data-
sets (common attributes and measurement protocols);
(b) functional integration, i.e. as (a) plus the adoption of
the NFI plot design on FCM, thus favouring estimation
process; and (c) full integration, e.g. the complete shift
of one network to the other. In all cases, an important
issue to be considered is the “integrity of long-term
datasets when adjusting a pre-existing monitoring
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samples shares six trees (n. 1, 2, 3, 4, 6 and 7). Moving from
tree-based to plot-based selection, four trees are excluded (tree
n. 5 DBH<40 cm; trees 8, 9 and 10 too far from the plot centre);
two trees are included (entrances) (trees A and B fulfil the
dimensional and dominance requirements but are not along the
spiral)

program”, and any harmonization/integration process
should consider not to waste existing data series
(Lindenmayer et al. 2011). This is particularly relevant
for the case in hand, as defoliation data (at country and
European level) often spans a 20-year period.

With this background, a harmonization/integration
process was started in Italy in 2009, and a step-wise
test phase was launched in the frame of the Life+
FutMon project (www.futmon.org). This test phase
consists—among other—of several FCM and NFI 2
measurements to be carried out on both networks,
FCM and (on a subsample of) NFI 2 (Table 2). This
paper concentrates on the results obtained after the
first steps of the test phase and focuses on two ques-
tions, which are of relevance for the future forest
monitoring in Italy. Firstly, we evaluate at what extent
FCM sampling points selected in 1985 are still con-
sistent with the composition of today’s Italian forests.
It is worth noting that the original definition of the
target statistical populations is different between the
two NFIs. In addition, the FCM sample was
selected after NFI 1 in 1985, thus reflecting the
structure, composition and distribution of forests at
that time. Further, due to the fact that the locations
of the FCM plots were obvious due to the trees
having been clearly labelled in the field, the execu-
tion of management practices may have been im-
pacted on those plots. Secondly, we evaluate the
effect of different tree selection criteria (tree-based
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Table 2 Description of the test phase undertaken in Italy to evaluate the possibility of harmonization/integration between NFI_2 and

FCM
Step Objective Method Planned for Result
Preparation Establishing relations Meetings and workshops ~ 2008-2010 Communication, exchange
between NFI 2 and of information
FCM data and network
managers
Preparation To select NFI_2 subsample Random selection after 2009 Selection of a sub-sample
stratification based on (n=347) of NFI 2
species groups and sampling units to be
administrative regions used for FCM purposes
Training To make surveyors familiar Field sessions, SOPs, 2009-2011>  Surveyors familiar
with fixed area plot design; field checks, audits with fixed area plots
to maintain FCM data and data quality
quality requirements requirements achieved
Installing fixed area To install fixed area plots Field work 2009-2011>  Fixed area plots installed
plots on all (n=261) on FCM sites; to assess and attributes assessed
FCM FCM attributes on former on both former and
and newly selected newly selected trees
sample trees
Assessment of FCM To assess FCM attributes Field work 2009-2011>  FCM attributes assessed
attributes on a also on NFI 2 plots on NFI 2 plots
subsample (n=347)
of NFI_2 plots
Estimates of FCM To obtain estimates of the Integration of data; 2011> Unbiased estimates of, e.g.

attributes

attributes of concern

statistical estimators

proportion of defoliated

over the target population

trees at country level and
for main forest categories

and plot-based) on sample DBH, dimension and
defoliation statistics.

Methods
Tree sample selection and data collection

The Italian FCM is based on the NFI 1 and represents
the ICP Forests large-scale network in Italy. It consists
of 261 sampling points systematically distributed on
forest area according to a 15x18-km grid (Fig. 1). At
each point, the sample trees were selected moving
clockwise on a spiral track (Fig. 2a). Only co-
dominant to dominant trees with diameter at breast
height (DBH) >12 cm were eligible as sample trees.
According to the former ICP Forests Manual (UN-
ECE 1998), a minimum of ten trees per sampling point
was mandatory. Dead and removed trees are replaced
by new sample trees, selected according to the same
procedure as above.

The original NFI 2 plot design consists of two
circular, concentric plots, with radius 4 and 13 m.

The 4-m radius plot is used for measuring trees with
DBH<10 cm, and so it is not relevant for crown
condition survey. For the purposes of this test phase,
the NFI_2 plot design was slightly modified and since
2010 adopted also on the FCM sampling points.
Sample trees were selected within two concentric cir-
cular plots, a 13-m radius plot for trees with DBH
> 10 cm, like in the NFI 2, and a 18-m radius plot
for trees with DBH larger than 39 cm (Fig. 2b). The
minimum DBH for crown condition sample trees was
moved from 12 to 10 cm, to be consistent with the
DBH threshold used in the NFI 2.

In 2010, the tree condition assessment on the FCM
network was therefore carried out on two partly over-
lapping samples of trees: the original tree-based sam-
ple and the plot-based sample. Since the centre of the
newly established plots corresponds with the starting
point of the tree-based selection, the sample trees may
be classified into three sets: one common between the
two selection procedures (tree-based and plot-based),
one exclusive of the tree-based sample (which will be
abandoned in case of shift to the plot-based selection
procedure) and one exclusive of the plot-based sample
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(which would enter the sample in case of shift to the
plot-based selection procedure).

All 261 FCM Level I plots were classified according
to the forest type classification adopted by the NFI 2
(INFC 2003), while measurements were carried out on
252 of them because nine plots were not reachable for
different practical reasons. On the 252 plots, all sample
trees were callipered and FCM attributes assessed
according to Bussotti et al. (1999). Tree height was
measured on a sub-sample of the trees within the plot
following the NFI 2 protocol (INFC 2006).

Quality assurance

A total of 60 field crews coming from all across Italy
were involved in the field survey, and—at each plot—
the same crew performed both the tree-based and the
plot-based measurements and assessment. Standard
Quality Assurance procedures were adopted (e.g.
Ferretti et al. 1999). Field crews were subject to train-
ing according to the procedure described by Bussotti
et al. (2009) and Gasparini et al. (2009). After theo-
retical lessons and guided exercises, field crews were
asked to score independently various sets of trees of
the most frequent species as reported in the FCM
Level I database: Norway spruce (Picea abies
Karst.), Scots pine (Pinus sylvestris L.), beech
(Fagus sylvatica L.), Turkey oak (Quercus cerris L.)
and European chestnut (Castanea sativa Mill.). A total
of 102 trees were assessed. Results show a general
good agreement between the reference team and the
field crews, although large differences may occur for
certain crews at the level of individual trees.

Data processing and analysis

Sample statistics were calculated for the tree-based
and the plot-based samples and for the trees exclusive
of tree- and plot-based samples. As far as the sample
composition and characteristics, total number of trees
per species, mean number of trees per species and
sampling plot/point, mean DBH per species and num-
ber of sampling plots/points where the species was
present were calculated. As far as defoliation was
concerned, frequency of trees per defoliation class
was calculated. We considered 5 % defoliation classes
as well as the traditional uneven defoliation classes
used in national/international reporting (Fischer and
Lorenz 2011): class 0 (defoliation 0-10 %), 1 (>10—
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25 %), 2 (>25-60 %), 3 (>60-99 %) and 4 (100 %,
dead trees). Consistency of the FCM network in rela-
tion to the forest area estimated by NFI 2 was tested
by the chi-square goodness of fit between the frequen-
cy of the expected distribution of sampling units per
forest category (number of units per forest category
proportional to the area of the category itself) and the
actual frequency distribution of the 261 FCM sam-
pling points.

We tested a number of null hypothesis. As some
common trees exist between the two plot designs, we
are in between the assumptions for unpaired and paired
tests; for this reason, we used both types of tests but
reported only the results of the most conservative one.
The equal number of species and trees per sampling unit
between the two designs was tested by comparing the
median values with the Mann—Whitney U test. The non-
parametric test was necessary because both variables do
not approximate the normal distribution (Kolmogorov—
Smirnov D test for normality, D=0.18; P<0.0001 for
the number of species and D=0.215; P<0.0001, for the
number of trees in the tree-based sample) and transfor-
mation did not succeed in normalizing distributions. The
mean DBHs obtained from the two designs were com-
pared both by the unpaired samples ¢ test and the
Student's paired ¢ test on data transformed for normaliz-
ing their distribution. Distributions of trees into defolia-
tion classes were compared by the chi-square goodness
of fit test. Lastly, the relation between crown defoliation
percentage and DBH was investigated.

Results

Question 1: consistency of FCM network in relation
to NFI 2 forest areas estimates

Table 3 reports the number of FCM sampling points
by forest category, groups of categories and elevation
class. Deciduous broadleaved forests are the largest
group, especially below 1,000 m a.s.l.,, with beech,
temperate and Mediterranean oaks forests being the
most frequent categories. Coniferous forests are the
largest group at high elevation (>1,500 ma.s.l.), with
Norway spruce forests being the most frequent.
Evergreen broadleaved forests are much less frequent,
with cork oak forests being the most common.

Figure 3 reports the proportion of FCM sampling
points (sub-sample of NFI 1 in 1985) together with the
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Table 3 Number of FCM Level I sampling points by forest category, groups of categories and elevation class

Code Forest category/type Altitude classes m a.s.l. Plots, n
0-500 501-1,000 1,001-1,500 >1,500
1 Larch and Stone pine (L. decidua, P. cembra) - - 4 11 15
2 Norway spruce (P. abies) - 5 17 9 31
3 Fir (4. alba) - - 3 - 3
4 Scots pine and mountain pine (P. sylvestris, P. mugo) - 4 2 - 6
5 Black pines (P. nigra, P. laricio, P. leucodermis) 1 3 4 - 8
6 Mediterranean pines (P. domestica, P. marittima, P. halepensis) 3 3 - 0 6
7 Other coniferous forests 2 - 1 3 6
8 Beech (F. sylvatica) - 9 26 8 43
9 Temperate oaks (Q. petraea, Q. pubescens, Q. robur) 17 17 2 - 36
10 Mediterranean oaks (Q. cerris, Q. frainetto, Q. trojana, Q. macrolepis) 15 15 1 - 31
11 Chestnut (C. sativa) 7 15 - - 22
12 Hornbeam and Hophornbeam (Carpinus spp., Ostrya carpinifolia) 4 8 1 - 13
13 Hygrophilous forests 1 - - 5
14 Other deciduous broadleaved forests 4 14 2 - 20
15 Holm oak (Q. ilex) 4 - - - 4
16 Cork oak (Q. suber) - 10 - - 10
17 Other evergreen broadleaved forests - 2 - - 2
Coniferous forests (codes 1-7), number of plots 6 15 31 23 75
Deciduous broadleaved forests (codes 8—14), number of plots 48 82 32 8 170
Evergreen broadleaved forests (codes 15—17), number of plots 4 12 - - 16
Total number of plots 58 109 63 31 261

percent area of the forest categories as estimated by
NFI 2 in 2005. Despite an apparent general consistency
between the pattern of number of FCM sampling units
and NFI 2 area estimates, the chi-square test showed
that significant differences exist between the two distri-
bution (chi-square=52.8, P<0.001, df'16). From Fig. 3,

Fig. 3 Frequency (in 18

this seems particularly due to some individual catego-
ries, with larch and stone pine, Norway spruce, other
coniferous, beech, temperate oaks and cork oak propor-
tionally over-represented and hornbeam and hophorn-
beam, other deciduous broadleaved and holm oak
proportionally under-represented.

percent) of FCM Level 1
sampling units per NFI
forest category (light grey)
and percentage of forest area
by NFI forest category as
estimated by NFI 2 (dark
grey). Forest categories are
listed in Table 1

Percentage (units/areas)

- [ Level | sampling units

O NFI area estimates

— — _ -
o N A~ OO 0 O N A~ O
! ! ! ! ! !

1 2 3 4 5 6 7 8 9

10 11 12 13 14 15 16 17

Forest categories
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Question 2: comparison of tree-based and plot-based
selection methods

Sample size at network and plot level

Table 4 reports the number of species, the number of
trees and the mean DBH for both the samples origi-
nated by the tree-based and the plot-based selection
method. The total number of trees is smaller (—24.7 %)
for the latter selection method, and this is mainly due
to the reduction of the number of trees per sampling units
(Table 4). The statistical test showed that the medians of
the number of trees per sampling unit (28 and 19, re-
spectively) differ significantly (Mann—Whitney U
test=48,193; P<0.0001). A further consequence of the
plot-based selection is a larger variability of the number
of trees per plot, as indicated by the greater value of the
standard deviation (from 6.09 to 10.80).

Species composition and distribution

The total number of species surveyed (63) is not affected
by the tree selection method (Table 4), and the median of
the number of species per sampling unit does not differ
significantly between the tree-based and the plot-based
samples (medians=2 and 3, respectively—Mann—
Whitney U=31,147; P>0.05). Table 5 provides sample
statistics for individual tree species. All species with
fewer than ten trees in the tree-based sample were
grouped in the categories of “broadleaved-10” (ever-
green and deciduous species undistinguished) or “coni-
fer-10”, thus shortening the original list of species from
63 to 38. In Table 5, species are listed in decreasing
order of total number of trees observed according to the
tree-based sample. The rank of the species is rarely the
same in the two samples, but differences are generally of
minor importance, especially for the most frequent

species. For example, the 15 most frequent species
(accounting for 87.0 and 87.8 % of the trees in tree-
based and plot-based sample, respectively) are the
same in both samples. Moving from the tree-based
to the plot-based sample, the number of trees by
species decreases, exception being Ostrya carpinifolia
Scop., broadleaved-10, Fraxinus ornus L., Pinus strobus
L., conifers-10 and Acer platanoides L.. The increase is
particularly relevant for Ostrya and Fraxinus (plus 25.4
and 38.2 %, respectively).

The reduction of the total number of trees per species
when moving from the tree- to the plot-based sampling
is generalized and caused by two main factors: the
reduction of the number of trees per plot and the reduc-
tion of the number of plots where a given species is
observed (Fig. 4). The two factors are probably related
to a likely reduction of the area explored by the plot-
based method. For some species (C. sativa Mill, P.
sylvestris L., Larix decidua Mill., Quercus pubescens
Willd.), both the reductions are considerable. For some
others (F. sylvatica L., Q. cerris L.), the reduction of the
number of plots is more important, with almost no
change in the number of trees per plot. For other species
(Pinus nigra Am., Pinus cembra L., Pinus pinea L., P.
abies Karst., Cupressus sempervirens L., Alnus cordata
Loisel., Alnus incana Moench.), the opposite is true.

Some species show a reduction of the mean number
of trees per plot, but an increase in the number of plots
where they were found. This is particularly relevant for
Norway spruce that loses 330 trees in total (i.e. seven
trees per plot, on average), but was found on two new
plots. Only a few species show both an increase of tree
number per plot and of number of plots on which they
were found; however, also a large increase of the
number of plots does not lead to a relevant increase
of trees (e.g. “broadleaved-10" with +19 plots and +0.1
trees per plot).

Table 4 Main statistics of the two FCM tree samples, the first selected according to the tree-based method, the second according to the
plot-based method: number of species and trees per point/plot and total; mean DBH

Point/plot features Tree-based selection

Plot-based selection

Min Average Max SD Total Min Average Max SD Total
Number of species 1 2.9 10 1.70 63 1 2.8 10 1.64 63
Number of trees 4 26.5 60 6.09 6,702 1 19.9 62 10.80 5,045
Mean diameter (cm) 14.5 29.0 64.9 9.09 - 12.0 27.6 67.6 10.39 -
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Table S Species composition of the two samples (tree-based and plot-based): number of trees (mean per point/plot and total) and mean
DBH by species and number of points/plots where the species were recorded

Code and species Tree-based sample Plot-based sample

Number of trees DBH Plots, n Number of trees DBH Plots, n

Mean per SD  Total » Mean SD Mean per SD  Total » Mean SD

plot, n DBH plot, n DBH

cm cm

020—Fagus sylvatica 16.2 12.58 1,182 287 10.76 73 16.1 15.61 1,033 252 1142 o4
049—Quercus pubescens 11.8 9.67 838 214 750 71 8.7 7.89 573 19.0 7.64 66
118—Picea abies 15.3 9.79 751 41.7 1322 49 8.3 748 421 402 13.67 51
041—Quercus cerris 11.5 927 623 245 7.87 54 11 995 507 212 896 46
015—Castanea sativa 11.3 994 509 292 13.00 45 9 9.11 379 269 1411 42
116—Larix decidua 9.7 932 467 404 13.77 48 6.2 575 242 39.1 1447 39
029—Ostrya carpinifolia 6.1 628 291 179 4.00 48 7.6 739 365 160 484 48
046—Quercus ilex 11.3 9.07 237 223 1023 21 9.1 891 200 19.7 9.04 22
134—Pinus sylvestris 9 898 233 28.0 7.62 26 6.7 6.61 147 273 8.44 22
129—Pinus nigra 14.6 12.03 219 329 977 15 10.3 7.3 144 312 1082 14
048—Quercus petraea 7.5 6.53 128 25.0 10.05 17 7 5.58 91 21.6 1057 13
100—Abies alba 6.2 6.4 105 458 1756 17 4 4.14 68 475 19.16 17
n/a—broadleaves-10™° 1.7 1.21 90 243 1085 42 1.8 258 112 19.6 1046 61
006—Alnus cordata 21.8 13.96 87 34.1 781 4 14 13.08 42 348 771 3
023—Fraxinus ornus 2.5 2.45 76 19.0 4.66 30 2.9 366 105 160 506 36
125—Pinus halepensis 25 4.36 75 275 1288 3 12.7 5.69 38 295 1256 3
123—Pinus cembra 12.2 9.66 73 382 1414 6 6.8 3.56 34 391 1580 5
054—CQuercus suber 30 0 60 289 1150 2 16 2.83 32 271 8.41 2
017—Eucalyptus spp. 29.5 0.71 59 271 8.01 2 14 0 28  28.1 945 2
131—Pinus pinea 27 4.24 54 290 662 2 20 5.66 40 277 794 2
056—Robinia pseudoacacia 4.7 5.82 52 252  6.66 11 4.4 4.32 48 214 7.80 11
068—Tilia cordata 6.5 7.43 52 248 735 8 3.5 3.74 28 243 8.14 8
005—Acer pseudoplatanus 2.7 2.58 51 278 1032 19 2.9 3.6 49  22.0 8.63 17
022—Fraxinus excelsior 3 2.45 48 250 812 16 2.1 2.05 35 222 11.04 17
010—Betula pendula 4.1 4.81 45 255 777 11 4 3.09 40 227 892 10
036—Prunus avium 2.1 2.47 36 309 1025 17 2.4 2.13 33 234 961 14
003—Acer opalus 33 2.26 33 207 580 10 2.1 2.4 29 174 427 14
035—Populus tremula 3 2.53 33 341 1018 11 2.7 2.76 30 342 1039 11
133—Pinus strobus 16 19.8 32 406 805 2 16.5 21.92 33 428 816 2
110—Cupressus sempervirens 14 12.73 28 32.0 28.96 2 9.5 10.61 19 342 3496 2
063—Sorbus aria 22 2.25 26 180 490 12 1.8 0.83 23 156 422 13
007—Alnus glutinosa 3.6 4.28 25 254 772 7 2 1.41 14 30.1 6.56 7
051—Quercus robur 4.6 3.91 23 308 11.64 5 2.7 1.63 16 273 1217 6
130—Pinus pinaster 7 1.73 21 358 970 3 5.7 1.53 17 349 746 3
013—Carpinus betulus 2.7 243 19 216 557 7 1.7 1.63 10 19.2 527 6
n/a—conifers-10° 3.7 3.79 11 234 720 3 2.4 3.13 12 200 745 5
008—Alnus incana 10 0 10 269  4.07 1 2 0 2 268 813 1
004—Acer platanoides 0 0 0 - - - 6 0 6 13.8 1.51 1
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Table 5 (continued)

Code and species Tree-based sample

Plot-based sample

Number of trees DBH Plots, n Number of trees DBH Plots, n
Mean per SD  Total » Mean SD Mean per SD  Total » Mean SD
plot, n DBH plot, n DBH
cm cm
Conifers. Total n 20.5 10.28 2,069 37.9 14.02 101 11.9 7.73 1,215 367 1477 102
Deciduous broadleaves. Total n 21.2 10.42 4,258 255 10.15 201 17.9 12.69 3,553 222 10.64 199
Evergreen broadleaves. Total n  13.9 10.65 375 241 1034 27 9.2 845 277 212 941 30

#Broadleaves species with number of observation <10 (all together deciduous and evergreen)

® Category not available in the official ICP Forest list

The bottom part of Table 5 summarizes the changes
occurred for the three groups of species. The reduction
of the total number of trees is evident and particularly
large, especially for conifers. However, it is due only
to the reduction of the number of trees per plot, since
the number of plots on which the species groups were
found does not change noticeably.

Table 6 reports the same statistics as in Table 5 for the
trees that would “leave” and “enter’ the sample in case of
a shift from a tree-based to a plot-based selection meth-
od. Among the most important species, conifers (namely
larch, Norway spruce, black pine, Silver fir, Scot pine)
are the most impacted, with a replacement rate between
11 and 21 % with respect to their tree-based sample.
Conifers would be therefore comparatively lost at greater
rate per plot and on more plots than broadleaves.

Fig. 4 Differences in the 10
number of plots (x-axis) and
the number of trees per plot
(y-axis) when moving from
the tree-based to the plot-
based sample. Data points
belonging to important spe-
cies showing considerable
differences are identified

8

All in all, moving from the tree-based to the plot-
based approach would result in a shift in the compo-
sition of the tree sample. This is especially true for
conifer trees, whose number is reduced to 58 % with
respect to the original tree-based sample. Differences
are less pronounced for deciduous (83 %) and ever-
green broadleaved trees (74 %). Consequently, the tree
sample would shift towards an even more deciduous
broadleaved—dominated sample.

DBH

The average DBH of the sample trees (Table 4) is
slightly, but significantly smaller in the plot-based
sample than in the tree-based one (¢=2.0; P<0.05).
The plot-based sample shows also a larger variability

A Conifers
O Deciduous broadleaves
® Evergreen broadleaves

QOA. platanoides

Trees, changes (Plot based - Tree based), r
o
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Table 6 Changes occurring in the crown condition tree sample number of trees per plot. standard deviation and total number of
in case of shift from the tree-based sample to the plot-based trees by species; mean DBH by species and standard deviation;
sample: statistics for trees not shared by the two samples (mean number of plots in which each species was found)
Code and species Trees exclusive of the tree-based sample (losses) Trees exclusive of the plot-based sample
(entrances)

Number of trees DBH Plots, n Number of trees DBH Plots, n

Mean per SD  Totaln Mean SD Mean per SD  Totaln Mean SD

plot, n DBH plot, n DBH

cm cm

020—Fagus sylvatica 6.9 587 475 288 9.77 69 8.8 11.90 326 178 725 37
049—Quercus pubescens 7.1 6.04 419 218 723 59 5.0 551 154 13.1 2.62 31
118—Picea abies 8.9 6.25 382 421 13.13 43 2.1 1.58 52 327 1391 25
041—Quercus cerris 6.7 5.08 301 244 7.01 45 6.6 598 185 151 5.84 28
116—Larix decidua 5.9 547 255 406 1383 43 2.3 1.60 30 313 1724 13
015—Castanea sativa 6.0 470 203 28.8 1096 34 43 3.55 73 165 737 17
029—Ostrya carpinifolia 3.6 3.60 134 178 377 37 5.6 683 208 146 480 37
134—Pinus sylvestris 5.4 486 108 28.1 7.01 20 3.7 2.34 22 237 940 o6
046—Quercus ilex 6.7 5.04 107 218 1097 16 5.0 5.48 70 142 397 14
129—Pinus nigra 7.3 7.07 87 333 931 12 6.0 4.24 12 155 357 2
048—Quercus petraea 4.6 4.11 65 248 927 14 4.0 443 28 13,6 255 7
006—Alnus cordata 13.5 11.79 54 338 7.88 4 3.0 2.00 9 358 776 3
123—Pinus cembra 8.7 8.59 52 36.6 1347 6 33 2.63 13 345 1601 4
125—Pinus halepensis 15.7 7.23 47 245 1180 3 5.0 4.24 10 214 414 2
100—Abies alba 3.9 2.84 43 413 1425 11 1.0 0.00 6 337 1588 6
n/a—broadleaves-10*° 1.7 0.97 35 245  9.61 21 1.8 227 57 152 6.81 31
017—Eucalyptus spp. 15.5 0.71 31 263 648 2 0.0 0.00 0o - - -
054—Quercus suber 15.0 1.41 30 298 1431 2 2.0 - 2 138 247 1
023—Fraxinus ornus 1.8 1.34 28 182 396 16 3.4 3.84 57 131  2.89 17
068—Tilia cordata 5.4 434 27 243 7.08 5 1.0 0.00 3 150 568 3
022—Fraxinus excelsior 2.6 1.78 26 237 429 10 22 2.86 13 150 657 6
005—Acer pseudoplatanus 23 1.85 25 292 1153 11 33 3.68 23 17.0 438 7
056—Robinia pseudoacacia 2.7 1.94 24 249 622 9 2.9 2.91 20 158 456 7
010—Betula pendula 3.0 2.52 21 248 682 7 2.7 2.42 16 173 655 6
036—Prunus avium 2.0 1.25 20 316 10.79 10 2.8 1.83 17 171 294 6
131—Pinus pinea 9.5 2.12 19 284 643 2 5.0 - 5 168 725 1
003—Acer opalus 2.6 2.07 18 224 650 7 1.4 0.97 14 161 414 10
110—Cupressus sempervirens 7.0 5.66 14 265 630 2 5.0 - 5 253 617 1
063—Sorbus aria 2.6 1.95 13 190 499 5 2.0 1.00 10 137 241 5
007—Alnus glutinosa 6.0 2.83 12 203 495 2 1.0 - 1 300 - 1
013—Carpinus betulus 2.4 1.67 12 216 646 5 1.0 0.00 3 133 176 3
051—Quercus robur 2.8 2.36 11 302 1272 4 2.0 0.00 4 148 328 2
035—Populus tremula 1.5 0.55 9 282 929 6 1.5 1.00 6 254 856 4
008—Alnus incana 8.0 - 8 269 345 1 0.0 0.00 0o - - -
130—Pinus pinaster 2.5 0.71 5 404 1534 2 1.0 - 1 440 - 1
133—Pinus strobus 2.5 2.12 5 343 365 2 6.0 - 6 47.1 747 1
n/a—conifers-10 25 2.12 5 237 545 2 2.0 1.73 6 169 443 3
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Table 6 (continued)

Code and species

Trees exclusive of the tree-based sample (losses) Trees exclusive of the plot-based sample

(entrances)

Number of trees DBH Plots, n Number of trees DBH Plots, n

Mean per SD  Total» Mean SD Mean per SD  Totaln Mean SD

plot, n DBH plot, n DBH

cm cm

004—Acer platanoides 0.0 0.00 0o - - - 6.0 - 6 138 1.51 1
Conifers. Total n 11.1 7.01 1,022 37.8 13.57 92 33 272 168 289 1435 51
Deciduous broadleaves. Total n 10.6 6.55 1,930 252 9.17 182 9 9.35 1,225 15.8 6.23 136
Evergreen broadleaves. Total n 8.5 6.05 178 24 11.28 21 4.7 5.16 80 14.1 386 17

 Broadleaves species with number of observation <10 (all together deciduous and evergreen)

® Category not available in the official ICP Forest list

of DBH (wider range and standard deviation slightly
greater). When considering the data at the level of
individual species and groups (Table 5), this pattern
appears very common, especially within deciduous
and evergreen broadleaves (Table 5, bottom part). The
mean DBH is smaller in plot-based sample in 76 % of
cases, although the difference is slight, 1.6 cm in aver-
age (min —7.5 cm, Prunus avium L.; max +4.7 cm,
Alnus glutinosa Gaertner.). The DBH of conifers seems
less influenced by the tree selection method.

Table 6 explains the reason behind this slight, gen-
eral decrease of mean DBHs. The mean DBH of those
trees that leave the sample when the plot-based ap-
proach is adopted is much larger in comparison to the
mean DBH of the trees that enter. For example, 1,930
broadleaved trees with an average DBH of 25.2+
9.27 c¢m are replaced by 1,225 new trees with DBH
15.8+£6.23 cm. Note that this is similar between species
and groups of species (bottom part of Table 6).
However, the effect is compensated/exacerbated by
the number of trees that leave/enter the sample, which
varies with the species. Note that this balance is partic-
ularly unfavourable for conifers that lose 1,022 trees
with mean DBH=37.8 cm and get only 168 trees with
mean DBH=28.9, so the compensation effect of these
entries is limited. The selection of smaller trees is partly
due to the smaller DBH threshold adopted, but also—
and perhaps at larger extent—to the inclusion of young
trees that were not selected when the FCM network was
installed in 1985. In the end, the plot-based approach
leads to a sample with slightly but significantly smaller
DBH and probably younger trees than the tree-based
one.
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Defoliation

Cumulative frequencies for 5 % defoliation classes are
shown in Fig. 5 for the main groups of species and in
total. Distribution for conifers and evergreen broad-
leaves is nearly identical between the tree-based and
plot-based samples. Differences occur in deciduous
broadleaves, for which the frequency distribution sug-
gests greater defoliation for the tree-based sample.
Table 7 reports the sample statistics in terms of
frequency of trees by the traditional uneven defolia-
tion categories adopted in the forest condition report-
ing (e.g. Fischer and Lorenz 2011) and for the main
groups of species. Although the distribution of trees in
the defoliation categories is quite similar between the
two samples (tree-based and plot-based) in conifers (chi-
square=4.3; P>0.05) and evergreen broadleaves (chi-
square=2.3; P>0.05), significant differences occur for
deciduous broadleaves (chi-square=105.4; P<0.0001).
The overall (all species) distributions of trees by defoli-
ation category showed significant differences between
the two samples (chi-square=39.5; P<0.0001), with
larger differences for the classes 0-10 % and >25-60 %.
Figure 6 reports the median defoliation of the trees
exclusive of tree-based (x-axis) and plot-based (y-axis)
samples for all species and for the most important
ones. In general, this figure suggests that, while coni-
fers and evergreen broadleaves are randomly distrib-
uted around the bisector, the deciduous broadleaves
exclusive of the tree-based sample are more defoliated
than those exclusive of the plot-based sample. For
example, from our database, it emerged that moder-
ately defoliated deciduous broadleaved trees are
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Fig. 5 Cumulative frequency (in percent) of trees by defoliation class in 2010 according to the tree-based (/eff) and the plot-based

(right) selection method for the main groups of species and total

replaced by less defoliated (—5.6 % on average)
trees. When considering the median defoliation of
the ten most important species, the 1,532 trees of
five deciduous broadleaved species are replaced by
946 slightly less (5 %) defoliated trees; the 832
trees of the four conifer species are replaced by
much less trees (116), which are equally or slightly
more defoliated. The only exception is black pine,
which shows a distinct increase in defoliation. The
107 Quercus ilex L. trees are replaced by 70 equally
defoliated trees.

The reason why newly selected trees are—in gen-
eral—slightly less defoliated that the former ones is not
clear. A possible explanatory hypothesis might consider
the potential smaller defoliation of smaller/younger trees
when compared to bigger/older ones, at least in broad-
leaves. Figure 7 reports the relation between DBH and
defoliation for the main groups of species and for the
main species of each group. There is clearly a weak
relation, and no clear pattern can be detected. If any,
an opposite pattern seems true: Conifers show greater
defoliation values for trees with DBH<40 cm;

Table 7 Frequency of trees (in percent) by defoliation class in the two samples (tree-based and plot-based samples)

Defoliation Conifers Deciduous broadleaves Evergreen broadleaves Total
class
Tree-based ~ Plot-based ~ Tree-based Plot-based Tree-based ~ Plot-based ~ Tree-based  Plot-based
sample sample (n=4,258) sample (n=375) sample (n=6,702) sample
(n=2,069) (n=1,215) (n=3,553) (n=277) (n=5,045)
0-10 32.24 30.37 21.04 27.5 38.13 36.46 25.46 28.68
11-25 38.76 39.18 44.03 43.34 46.67 49.82 42.55 42.7
26-60 25.86 26.75 29.85 25.19 14.13 13.36 27.74 24.92
61-99 2.37 3.05 4.49 3.57 1.07 0.36 3.64 327
100 0.77 0.66 0.59 0.39 0.00 0.00 0.61 0.44
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deciduous broadleaves have greater defoliation for
DBH <30 cm; evergreen broadleaves have greater defo-
liation values for DBH<20 cm.

Discussion

The comparison between the distribution of FCM
sampling points by forest categories and the (NFI 2)
forest area distribution shows an overall significant
difference. This is probably due to the reported
changes in the forest cover in Italy, which amounts
to 1,559,200 ha over the period between the two NFIs
(Mariano et al 2010), and to the different sampling
schemes.

When moving from the tree-based to the plot-based
sample, the Level I FCM network in Italy is going to
be constituted of fewer trees (n=5,045 vs. 6,702), with
a significant decrease of the mean number of trees per
sampling unit. This is the result of both the abandon-
ment of 3,130 former trees (46.7 % of the tree-based
sample) and the inclusion of 1,473 new trees (29.2 %
of the new, plot-based sample). In other words, ap-
proximately 50 % of the original sample would be
abandoned in case of shift from the tree-based to the
plot-based selection method. Despite this, the number
of species is not affected by the tree selection method,
neither at network nor at plot level. On the other hand,
the abundance of trees per species is impacted, and the
combination of the two processes (exclusion and in-
clusion) results in a new sample composition with a
larger proportion of deciduous broadleaves. The main
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tree species, however, hold their rank in terms of
abundance, and differences concentrated on infrequent
species that on the whole make about 13 % of the
entire sample of trees.

The reduction of the number of trees is clearly
due to the fact that the former ICP Forests Manual
requirement of having a minimum number of trees
per plot is no longer applicable under a plot-based
sampling perspective. In addition, as no clear indi-
cation was formerly provided in terms of maximum
distance between the sampling point and the far-
thermost sample tree, the area explored for tree
selection according to the tree-based approach can
be much wider than that of the plot-based one. This
is probably the reason for the reduction of the
number of plots where a given species is encoun-
tered when moving from the tree-based to the plot-
based method.

The impact of the plot-based tree selection method
on the DBH of the resulting new sample is slight, but
significant on the average, and much more pro-
nounced on deciduous broadleaves. This is mostly
due to smaller DBH threshold adopted and to the
replacement rates, high in deciduous broadleaves,
low in conifers.

Overall defoliation (all species, all trees) statistics
are slightly, but significantly impacted by the tree
selection method. When considering 5 % defoliation
classes for the main groups of species, plot-based
sampling showed almost no changes for conifers and
evergreen broadleaves and a slight decrease for decid-
uous broadleaves. This seems again due to the
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Fig. 7 Plot-based sample trees: defoliation of individual trees plotted against DBH for the three groups of species (leff) and for the

correspondent most important species (right)

substantial replacement of the former deciduous
broadleaved trees with less defoliated ones. These
changes seem, however, larger for species with low
number of trees (e.g. other broadleaves) rather than
for the most important species, with few exceptions
(e.g. black pine).

Differences in defoliation statistics are significant
when considering uneven defoliation categories tradi-
tionally used for forest health reports and especially
when considering broadleaves for the 0-10 and >25—
60 % defoliation classes. It is not clear, however,
whether this is an effect of the inherent limitation of
these classes (e.g. Bussotti et al. 2003).

The reason why the newly selected trees are less
defoliated than the former ones is not obvious. An age
effect on defoliation was often reported, and it is often
argued that observing year after year, the same trees risk
monitoring just the age effect on defoliation (e.g. Strand
1995). Assuming DBH as a proxy for age, however, no
clear pattern was detected within our datasets.

In summary, differences in defoliation statistics
may be expected at individual species level and espe-
cially for the species with low number of trees.
Difference seems less important for conifers and ever-
green broadleaves, while they are significant for de-
ciduous broadleaves and for the entire sample of trees.
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Conclusions

Based on concerns about the actual representativeness
and ability of FCM networks to provide reliable statis-
tics on forest condition, the recently revised ICP Forests
manual suggests that steps should be undertaken to
favour integration between Level I and NFIs. In this
line, a change of tree selection criteria at the sampling
points from the former tree-based (with a minimum
number of trees required) to a plot-based was suggested
(Ferretti et al. 2010; Travaglini et al. 2012). However,
questions arise about the impact of such changes on the
comparability and time consistency of forest condition
statistics. A comprehensive test phase has been therefore
undertaken in Italy, to test the current consistency of the
FCM Level I network (installed in 1985) in relation to
the forest area distribution by forest category and to
compare the results obtained from tree-based and plot-
based selection methods.

Our results confirm that, although considerable care
is necessary to not disrupt data series, harmonization/
integration between FCM and NFI is desirable and
feasible. Changes in forest cover occurred in Italy over
20 years seem to be the cause for the inconsistency
between the distribution of Level I plots and the extent
of some forest categories estimated by NFI 2. In addi-
tion, since changes may concern specific forest catego-
ries (e.g. reforestation of abandoned agricultural areas
by new, young forests), there is a risk that the sample
will be biased also in terms of age, DBH and structure
(e.g. Brassel and Bréandli 1999). These concerns have
been substantiated in the present investigation. With the
tree-based selection method, the monitoring might ob-
serve a sample that deviates more and more from the
real age structure of the country’s forest (e.g. Ferretti et
al. 2001). Lastly, the tree-based selection method does
not allow a probabilistic approach to statistical infer-
ence. These factors thus result in a progressive loss of
representativeness of the Level I network which is also
unfit for quantitative estimates of population parame-
ters. For these reasons, further steps have been already
undertaken in Italy, with a parallel FCM carried out on a
subsample of NFI 2 plots. This will provide data to
compare and integrate statistics and estimates originat-
ing from the current Level I and NFI 2 networks.

The feasibility of the harmonization/integration
process in terms of adoption of similar methods, crews
and plot design was also demonstrated. When moving
from the tree-based to the plot-based design, we
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reported significant changes in the size and composi-
tion of the sample, a slighter, still significant change in
its dimensional characteristics and significant changes
in the frequency distribution within the defoliation
classes. This is an important issue to be considered.
At species level, defoliation of the main species
seem—in general—not impacted, and the significant
decrease in defoliation recorded for the deciduous
broadleaved after the plot-based sampling is due at a
large extent to less frequent species. However, the
overall results support the idea that country-scale time
series of defoliation statistics can be impacted when the
tree-based selection method is replaced by the plot-based
one. In this respect, a solution exists because a tree-by-tree
direct comparison based on the share of former sample
trees that will remain in the plot-based design (in Italy
3,572 individuals, ca. 50 % of the original tree-based
sample in 2010) will permit to keep a consistent data
series. It is worth noting, however, that, unlike the tree-
based sample, the plot-based sample would allow not only
sample statistics but also quantitative estimates of defoli-
ation parameters and change estimation.
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