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Abstract - In the past centuries, a notable reduction of lowland forests in Italy was detected as a result of the expansion of intensive
agriculture and deforestation activities. According to the National Forest Inventory (INFC 2005), the English oak (Quercus roburL.)
is mainly a scattered species distributed across 146,000 hectares of mixed forests. This species has been used in many national
programs to recreate woods in the lowlands as well as tree in farming plantations. In the 1980s, within the restoration program of the
Santa Barbara mining area in the Municipality of Cavriglia (Valdarno, Tuscany), about 172 hectares of tree farming plantations were
created with English oak. Due to the shortage of specific volume equations for ltalian plantations, a sampling campaign was carried
out. The volume of 299 sample trees was measured using the Heyer formula and a volume equation was studied as a polynomial
function of DBH and total height of trees. The final equation demonstrated to be quite robust with a RMSE of 0.0176 m3 correspond-

ing to a relative RMSE of 10%.
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Introduction

The English oak (Quercus robur L.) together
with Sessile oak (Quercus petraea (Matt.) Liebl.),
Common walnut (Juglans regia L. 1753) and Wild
cherry (Prunus avium (L.) L. 1755) is one of the
most commonly and widely used tree species in
planting forestry for valuable timber production
(Kenk 1993; Kerr 1996, Loginov 2012, Saha et al.
2012). These species were used across the whole
Europe according to climatic conditions and man-
aged by a specific silvicultural model (Lamaire 2010,
Nubout 2006, Perin and Claessens 2009).

The distribution of the English oak in Italy is
nowadays strictly connected to tree farming systems
and mixed forests. In fact, its spatial distribution has
been gradually reduced due to the intense land uses
and the socio-economical changes occurred over the
past centuries. The deforestation activities, due to
the expansion of intensive agricultural crops, have
caused a heavy reduction of the forests dominated
by this oak species (Pividori et al. 2015). According
to the last National Forest Inventory (Tabacchi et
al. 2007), English oak is mainly a scattered species
distributed across 146,000 hectares of mixed forest.
On the opposite, it has been used for timber produc-
tion because of reforestation programs financed by
the EU since the 1980s, and many plantations were

created in the floodplains. As a consequence, the
species was reintroduced in the Italian framework
in many lowland forests and in almost all the Italian
Regions, even if mainly as tree farming plantation.
These typical tree farming plantations have been
managed with periodical geometrical or selective
thinning (Ravagni et al. 2015) and a rotation age of
40 years was commonly adopted. Unfortunately,
specific volume equations for English oak growing
into tree farming plantations are missing in Italy, the
only volume table for this species regarding natural
forests (Castellani 1970, Castellani 1972, Castellani
1980, Castellani et al. 1984).

Aim of the paper is to set up a specific volume
equation for pure plantations with English oak. At
this purpose, a sample of trees felled in the course
of thinning operations conducted between 1996 and
2014 was measured and analyzed.

Materials and Methods

The restoration program of Santa Barbara’s min-
ing area (Valdarno - Arezzo Province) represents first
examples of English oak tree farming plantations in
Italy. It was established in the '70s and '80s of 1900
reforesting 172 hectares with English oak seedlings
(Buresti 1984, Ravagni et al. 2015). During thinning
operation, undertaken in different plantations of
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the Santa Barbara area (43.5737 N, 11.4912 E), 299

trees were cut and fully measured to determine

the volume. For each sampled tree, the following
parameters were measured:

- diameter at breast height (DBH) above bark;

- stem circumference at intervals of one meter
from 0.5 meters up to the top diameter of 3 cen-
timeters;

- total height of the tree.

The collected data were first scanned to evalu-
ate the quality of the dataset. Stem volume was
calculated by the Heyer formula determining the
volume of each section (La Marca 1999). The re-
gression model was calculated using a stepwise
analysis based on the Akaike's information criterion
(AIC, Akaike 1974) of backward type starting from
the "maximum model" [1] (Del Favero 1978, Del
Favero and Hellrigl 1978, Mancino and Verrastro
2002, Nosenzo 2008). Following this procedure, the
stem volume (expressed in m?) was calculated as a
function of a polynomial equation using the DBH
(expressed in centimeters) and the total height of
the tree (expressed in meters).
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Figure 1 - Distribution of regression's residuals.
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Figure 2 - Predicted vs. observed values of the sampled trees’
Volumes.
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The Durbin-Watson test (Durbin and Watson
1971) was used to test the autocorrelation of distur-
bances of the regressive model. Root Mean Squared
Error (RMSE) and relative RMSE (rRMSE) were
calculated using a cross-validation procedure with
the leave-one-out approach. All the calculations and
statistical analyses were conducted on R software
(R CoreTeam, 2015) using the stats and the ipred
(Peters and Hothorn 2015) packages.

The tree sampling was limited only to same
plantations without following complex schemes and
was configured as not probabilistic but according a
reasoned choice type (Mancino and Verrastro 2002).

Results

The main statistics of the 299 sampled trees are
reported in Table 1, while the regression coefficients
of the final equation with the statistical significance
of coefficients are shown in Table 2. The Residual
Standard Error was 0.01631 with an adjusted R? of
0.9907. The Durbin-Watson test showed a p-value
of 0.2785 highlighting an absence of autocorrela-
tion of residuals. These values are plotted Fig. 1,
while predicted values versus observed values are
reported in Fig. 2. The cross-validation procedure
calculated a very low RMSE of 0.0176 m® and the
rRMSE was lower than 10% (9.33%).

Table 1- Main statistics of all the collected mensurational
variables.
n.observ. minimum maximum average st. dev.
d cm 299 45 41.0 17.9 0.155
H m 299 4.9 24.0 13.2 0.166
V. m3 299 0.006 1.121 0.174 0.177
Table 2 - Regression coefficients and their significance for the two-

entry stem volume table. Significance of parameters is
reported with the following legend: p<0.1 (), p<0.05 (*),
p<0.01 (**), p<0.001 (***).

Coefficients Estimate Std. Error tvalue Pr(>ltl)

(Intercept) -0.3641 0.0980 -3.716 0.0002 x
D 0.0504 0.0146 3.456 0.0006 x

1(D?) -0.0011 0.0006 -2.178 0.0302 *

H 0.0535 0.0154 3.469 0.0006 o

1(H?) -0.0018  0.0008  -2.334 0.0202 *
I(D*H) -0.0076  0.0016  -4.714 0.0000 x
1(D*H?) 0.0003 0.0001 5.700  2.95E-008  ***
1(D?*H) 0.0002 0.0001 3.936 0.0001 x
1(D?*H?) -0.0001 0.0001 -5.169 0.0000 x

In Table 3 the trend of stem form factor per DBH
and tree height classes are reported. A part for the
DBH 5 class, in all the other DBH classes the form
factor increase with the tree height.

Discussion and conclusions

The use of trees collected from thinning activi-
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Table 3- Expected value of stem form factor per dbh and tree height classes.
dbh 10 dbh 15 dbh 20 dbh 25 dbh 30 dbh 35 dbh 40
H (m) f H (m) f H (m) f H (m) f H (m) f H (m) f H (m) f
8 0.492 8  0.537 9 0.450 12 0.391 20 0.429 20 0.399 20 0.376
9 0.493 9 0487 10 0.425 13 0.393 21 0.438 21 0.402 21 0.374
10 0.503 10 0457 11 0.411 14 0.398 22 0.447 22 0.404 22 0.371
11 0.520 11 0.443 12 0.407 15 0.406 23 0.456 23 0.368
12 0.541 12 0.441 13 0.409 16 0.416
13 0.566 13 0.447 14 0.417 17 0.428
14 0.460 15 0.429 18 0.441
15 0.479 16 0.444 19 0.455
17 0.463 20 0.471
18 0.483

ties demonstrated to be a fair choice, not limiting
the calculation neither the growth of the species
(Kerr 1996, Jobling and Pearce 1977). The study
produced alocal volume equation ready to use after
apreliminary analysis of DBH distribution and DBH-
tree height relationship. The physical attributes
of sampling area (Valdarno), even if localized as
compared to the overall distribution of the species,
makes the area a good “reference site” because of
the mild climate, the average rate of precipitations
during summer and an average temperature of 11°C,
all of this representing fair conditions for the species
autoecology .

The database was highly representative of the
full life-span of a typical English oak plantation and
the volume function demonstrated a close fit with
alow RMSE.

According to the literature, this equation repre-
sents the first calculated for English oak tree farming
plantations in Italy and is an useful tool to evalu-
ate the oak stem volume growing in tree farming
plantations undergoing a regular thinning regime.
An adequate analysis of ranges (diameter and tree
height) is anyway needed prior to using this function
in other geographical locations.
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