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Abstract
& Key message The dataset provides an exhaustive tree in-
ventory with forest mensuration and spatial location carried
out in 54 plots sampled in 45- to 55-year-old black pine
plantations, located in two areas of Tuscany (central Italy).
Forest mensuration includes horizontal and vertical struc-
ture measurements and a total of 4171 trees were geo-refer-
enced. The most abundant species was the black pine, Pinus
nigra spp. laricio, for which a total of 3631 trees were
observed. The dataset was collected as part of the
SelPiBio LIFE project (LIFE13 BIO/IT/000282). Dataset
access at http://doi.org/10.5281/zenodo.438681.Associated
metadata available at https://metadata-afs.nancy.inra.fr/
geonetwork/apps/georchestra/?uuid=73591027-0f1e-
40a3-95d0-b614517c1290&hl=eng.
& Context The main aim of the SelPiBio LIFE project (www.
selpibio.eu) is to demonstrate the effects of two thinning
regimes, selective and from below, on soil biodiversity in
young black pine stands. The spatial structure of forests and
the relationships between trees are a good proxy of overall
biodiversity level. Spatial datasets with geo referenced trees

and related mensurational data represent the highest level of
information for forest inventories and research activities.
& Aims This dataset has been developed during the A2
Action (Assessment of structural and mensurational pa-
rameters of the forest stands and the dead wood) of the
project, to record the main mensurational parameters of
the studied black pine stands. A tree-level database was
compiled to describe the vertical and horizontal structure
of 54 monitoring plots before the application of the silvi-
cultural treatment.
& Methods In addition to classical in-field measurements
(e.g. diameters at breast height, total height of the tree,
crown depth etc.), all trees were georeferenced by means
of polar coordinates collected from the centre of each mon-
itoring plot, including crown projection on the ground, de-
scribed with eight points. Then, a polynomial spline function
was fitted across the recorded data to obtain a convex poly-
gon and to calculate crown area and crown perimeter of each
measured tree in GIS environment.
& Results A polygonal ESRI shapefile in ETRS89/UTM32N
reference system (EPSG: 25832) with 4171 records
representing the crown projections on the ground of each
measured tree with all the mensurational parameters includ-
ed into the attribute table. The database is freely available
under the Creative Commons Attribution-NonCommercial 4.
182 0 License.
& Conclusion With this database, a wide range of forestry-
related indices could be easily calculated, including
geostatistical analysis and autocorrelation functions, to
compare Italian artificial black pine stands with other stud-
ied forests.
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1 Background

This dataset has been developed during the A2 Action of the
SelPiBio LIFE project (www.selpibio.eu/en). The main aim of
this project is to demonstrate the effects of two thinning regimes,
selective and from below, on soil biodiversity in young black
pine stands. Indeed, even if its efficacy on black pine plantations
(Pinus nigra spp. laricio) has been already discussed in
literature (Cantiani et al. 2010), selective thinning is still an
uncommon silvicultural treatment in such forests of Italy.

To evaluate the effect of thinning on pine plantations, 18
monitoring areas of 1 ha each (hereafter “sector”) were designed
and realized across two study areas in Tuscany (central Italy), the
Pratomagno mountain chain and the Monte Amiata. In each
study area (hereafter “zone”), 27 circular plots of 15 m of radius
were geo-referenced (three for each sector). Between 2015 and
early 2016, all included trees weremeasured, to characterize both
horizontal and vertical structure of plantations, highly relevant for
forest management purposes (Latham et al. 1998; Cantiani et al.
2010; Pretzsch et al. 2016). The database was finalized to study
the effects of the two tested thinning approaches in modifying
both the forest vertical and horizontal stand structure, proxy of
the overall biodiversity level (Neumann and Starlinger 2001).

2 Methods

2.1 Study design and sampling

The spatial distribution of the sampling scheme was studied
during the last quarter of 2014. In this first period, the forest
coverage of the two zones (Monte Amiata and Pratomagno)
was analysed with most updated orthophotos provided by the
Regional administration of Tuscany as Web Map Service
(WMS). Then, the two selected study areas (approximately
20 ha each) were divided into nine squares of 1 ha each.
Afterwards, three circular plots of 15 m of radius were ran-
domly sampled inside each square for a total of 54 sampling
units (plots). Then, all data were charged on a GPS system and
materialized on the field. Due to GPS uncertainties, the spatial
distribution of the forest (some gaps were detected on the
canopy coverage form aerial photos) and the random proce-
dure, some plots were overlapping. Anyway, this issue did not
represent an obstacle for our sampling scheme; indeed, each
plot was maintained and analysed separately. Common trees
were measured just once and replicated in the second plot.
Moreover, in such cases, one of the two centres was always
geo-referenced using the polar coordinates (as explained be-
low in the next subsection for trees) collected from the other
centre of the plot. In this way, GPS uncertainty was charged
just on one centre, while the second one and all the related
trees (and especially those in common between the two circu-
lar plots) were co-registered with relative coordinates and

centrimetrical precision around the centimetre. The spatial
distribution of 1-ha sectors and 15-m-radius circular plots
are reported in Fig. 1 for the two zones.

2.2 Field measurements

The survey campaign was completed between 2015 and early
2016. All trees included into the 54 circular plots were fully
measured, as well as all the external trees whose crown projec-
tion fell inside the plot. This was done to avoid underestimation
of the canopy cover. All trees inside the circular plot were num-
bered progressively (from 1 to n in each plot) while a “99” was
added before the progressive number in case of external ones
(e.g. while the trees nr. 1, 7 or 12 were inside the plot, the trees
nr. 991, 997 or 9912 were laying outside). Then, a unique ID
number was given to each tree as concatenation between the
zone code (Monte Amiata = 1, Pratomagno = 2), themonitoring
sector (from 1 to 9), the plot number (from 1 to 3) and the tree
number (e.g. the ID 23112 correspond to the Pratomagno zone,
monitoring sector 3, plot 1 and the tree number 12).

The spatial structure of the plots was recorded using a cus-
tom version of the FieldMap® technology composed by a
Trupulse360B connected to a portable tablet with Bluetooth
connection. In this handmade version, manually developed
following the instruction of the user guide of Trupulse360B,
a Visual BASIC script was written to upload the horizontal
distance and the azimut form the Trupulse360B directly on a
spreadsheet.

During in-field works, each tree was geo-referenced using
polar coordinate system (horizontal distance from the centre
of the circular plot and degrees from the north), subsequently
converted into metric planar coordinates (X, Y). After
correcting the obtained horizontal distance by adding the
radius of each tree, the conversion procedure was per-
formed by applying one of the basic rules of right triangle
geometry. Following Fig. 2, suppose α to be the measured
angle from the north (increasing clockwise) and the hypot-
enuse i to be the horizontal distance between the centre of
plot A and the tree T to be geo-referenced. Then, the two
legs of the right triangle (c1 and c2) can easily be calculated
using the following formulas:

c1 ¼ i � cos αð Þ ð1Þ

c2 ¼ i � sin αð Þ ð2Þ

where c1 corresponds to the Y coordinate and c2 corresponds to
the X coordinate, respectively, and both the resulting coordinates
are expressed in metres. Then, adding the relative X and Y coor-
dinates (in metres) to the geographic position of the central point
(in a metric system e.g. UTM or LAEA), each tree can be easily
geo-referenced in the same reference system. Using this ap-
proach, only the central point of (some) plots was geo-
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referenced using the GPS system, avoiding many spatial biases
and improving geometric accuracy and precision of the database.
Similarly, also the crown projection on the ground was recorded
in the same way. Eight measurements (points) were used to pro-
ject the crown on the ground. Then, a polynomial spline function
across the eight points was fitted to obtain a convex polygon.

Once all the trees inside all plots were measured, the thin-
ning was applied to the whole sector. All the trees to be re-
moved were marked on the field and recorded on the final
database; then, the treatment was applied (except control sec-
tors) between spring and summer 2016.

2.3 Dataset content

To characterize each tree, a tree-level database was compiled
with the following information: (i) species of the tree (SP), (ii)
rank (dominant—intermediate—dominated—dead—snag),
(iii) diameter at breast height (DBH), (iv) total height of the
tree (HT), (v) height of maximum crown width (HMCW), (vi)
height of the first living branch (HFLB) and (vii) living whorl
number (LWN, Cantiani and Chiavetta 2015; Marchi et al.
2017). In the end, an ESRI shapefile was created including
all the collected information (DBH, RANK, LWN, etc.) ex-
cept X and Y coordinates of the eight crown points that have
been substituted with polygons created with spline interpola-
tion (with 100 points), using a script implemented in R lan-
guage (R CoreTeam 2017). Finally, all the data for the two
areas were merged in a unique ESRI shapefile in ETRS89/
UTM32N reference system (EPSG 25832). In this

Fig. 2 Scheme for the adopted tree and crown positioning method.
Suppose A to be the centre of the plot and T the tree to be geo-
referenced, only α and i are required to calculate c1 and c2 which
correspond to YandX coordinates of T, respectively, in a Cartesian system

Fig. 1 Experimental scheme design of the two zones. Each plot is numbered with a decimal number according to the structure of the database: while the
unit is the sector number (from 1 to 9), the decimal corresponds to the plot number (from 1 to 3)
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database, each tree is unequivocally identified by its ID
number and represented by its crown projection with all
the associated information included into the .dbf file. If
necessary, the exact stem position can be easily extracted
from the .dbf file to create, for instance, a new spatial point
object . The last column of the database, named
“REMOVED”, has been included to simulate the applied
thinning scheme (“TREATMENT” column) to each circu-
lar plot and to derive all the quantitative statistics of the
two treatments. Summary statistics of the collected data
before the treatment are reported in Table 1.

3 Access to data and metadata description

The database can be downloaded using the following ref-
erence and doi: Cantiani P, Marchi M (2017). A spatial
dataset of forest mensuration collected in black pine plan-
tations in central Italy [Data set]. V1. CREA. http://doi.
org/10.5281/zenodo.438681 under the Creative Commons
Attribution-NonCommercial 4.0 License. Associated
metadata available at https://metadata-afs.nancy.inra.fr/
geonetwork/apps/georchestra/?uuid=73591027-0f1e-40a3-
95d0-b614517c1290&hl=eng.

4 Technical validation

The database includes 4171 trees (lines) and 21 columns. Each
tree has been carefully checked before publication, avoiding
misspelling or errors. The standardization of records (e.g. cor-
rection of the species code or the rank if upper case instead of
lower case) has been prevented not only by involving expert
field technicians and researchers but also in post-processing
steps by means of filters and cross-check procedures (the da-
tabase is case-sensitive). The database has been compiled in
metric units using the dot as decimal value.

Before fitting the spline function, all crown projections
were controlled to prevent artefacts due to missing records
or sampled points too close to each other. In fact, in this last

case, a ribbon was very likely to be created using the spline
function, bringing the calculation process to failure due to an
invalid polygonal form. The information about thinning
(REMOVED column) was firstly stored on the database and
afterwards validated after the treatment. This was done to
control the harvesting procedure and to avoid discrepancy
between real situation and database (e.g. uncut trees or dam-
ages to alive ones).

5 Reuse potential and limits

Even if characterized by small plots, the sampling design and
the high number of repetitions in each zone and treatment may
allow the calculation of a wide number of forestry-related
indices, useful to describe ecological dynamics (Neumann
and Starlinger 2001; Corona et al. 2002; Chiavetta et al.
2016). Volumes could be easily calculated with ForIT package
of R (Puletti et al. 2017), an object-oriented tool, which im-
plements all volume equations of the last Italian National
Forest Inventory, available on public R CRAN repository
and also GitHub. This ensemble will also allow further com-
parisons with other European artificial pinewoods as well as
native zones for the widely distributed P. nigra spp. (Ciancio
et al. 2006; Amodei et al. 2012; Marchi et al. 2015; Enescu
et al. 2016).

Thanks to the adopted structure (ESRI shapefile), also
geostatistical analysis could be easily performed, e.g. to study
the autocorrelation function or to estimate mark variograms
(Stoyan and Walder 2000; Pommerening and Särkkä 2013)
following the principles of the spatial point pattern analysis
(Baddeley and Turner 2005; Baddeley et al. 2015) or replicated
pattern analysis (Ramon et al. 2016). In addition, the shapefile
may lead to more flexibility to further research activities. In
such case, researchers could choose to load it into a pureGIS or
a statistical program such as R environment, using for example
the rgdal package (Bivand et al. 2015), as well as to extract the
database as spreadsheet using just the .dbf file. A spatial rep-
resentation of a test plot with QGIS is reported in Fig. 3.

Table 1 Main descriptive statistics of collected data in each zone

Trees ha−1 Basal area (m2 ha−1) Vol. (m3 ha−1) Mean diameter (cm) Mean height (m) Dominant height (m)

Zone 1
Age 45

Av. value 1050 44.84 394.1 23.6 17.7 20.5

St. dev ±297 ±9.65 ±120.2 ±2.7 ±0.9 ±2.2

Minimum 722 29.71 216.5 19.4 16.2 16.4

Maximum 1783 66.63 698.9 28.2 19.2 24.7

Zone 2
Age 55

Av. value 1077 68.58 632.6 28.7 18.8 22.9

St. dev ±156 ±8.11 ±132.8 ±2.1 ±0.7 ±2.3

Minimum 863 53.76 348.0 22.6 16.6 17.4

Maximum 1457 86.72 896.9 32.8 20.1 27.3
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In the future, further connections with soil biodiversity data,
trees’ response to the applied thinning system or other data from
the SelPiBio LIFE project may enrich the provided source.
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