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Evaluation of methods to improve the direct estimation of standing 
trees volume
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Estimating timber volume in forests is crucial for effective management and 
commercial purposes, particularly for forest owners and managers. Accurate 
volume estimates inform management decisions, growth monitoring, and silvi-
cultural treatments. Traditional methods often involve destructive sampling, 
which presents logistical and economic challenges. This study evaluates the 
non-destructive methods of Hossfeld’s, centroid sampling, and Pressler’s to es-
timate the volume of 42 Pinus pinaster and 50 Pinus radiata standing trees. 
For each species, the estimated volume was then compared with that calcu-
lated using precise measurements on felled trees and with the volume calcu-
lated using the simplified method F = 0.5. For both species, Pressler’s method 
showed the highest  accuracy,  with  RMSE values  of  28  and 102 dm³ for  P. 
pinaster and  P. radiata, respectively. However, the centroid and Hossfeld’s 
methods also showed satisfactory results: for P. pinaster the RMSE was 40 and 
47 dm³, while for P. radiata it was 100 and 118 dm3, respectively. These esti-
mates  resulted largely  more accurate than those obtained using  the F=0.5 
method (60 dm³ for  P. pinaster  and 432 dm³ for  P. radiata). All  the quick 
methods  tested  with  F=0.5  show  commendable  accuracy,  with  Pressler’s 
method yielding the best results. According to the Percent Relative Bias, all  
the three methods slightly tend to underestimate the volume. Our results sup-
port  the  viability  of  non-destructive  methods  for  rapid  volume  estimation 
without extensive felling and measurement. However, operational application 
in the field and validation across different tree species and growth habits are 
recommended.  These  methods  offer  viable  alternatives  to  traditional  ap-
proaches, reducing resource intensity and facilitating more frequent and de-
tailed forest surveys. Our findings support the application of non-destructive 
techniques in forest management, potentially streamlining volume estimation 
and improving the accuracy of forest inventories.

Keywords:  Tree  Volume,  Forest  Measurements,  Pressler  Method,  Hossfeld 
Method, Centroid Sampling, Pinus radiata, Pinus pinaster

Introduction

Stand volume estimation methods and 
single tree volume estimation

Assessing the stock of wood in a forest is 
a crucial and expensive part of monitoring 
activities. This task is important for various 
reasons,  ranging  from  local  to  global  is-
sues.  It  involves  multiple  stakeholders  in 
the forestry  sector,  including forest  own-
ers, companies, and government agencies 

that primarily rely on wood as a commer-
cial  product.  Additionally,  it  is  relevant to 
institutions  focused  on  environmental 
management, particularly in relation to CO2 

sequestration  and  biodiversity  conserva-
tion (Avery & Burkhart 2002, West 2015, Vi-
dal et al. 2016, Del Río et al. 2017, FAO 2022, 
Gasparini  et  al.  2022,  Simon & Ameztegui 
2023).

Estimating the timber resource of a for-
est requires estimating the volume of indi-

vidual standing trees. The basic procedure 
is somewhat indirect, relying on volume ta-
bles or volume functions (Avery & Burkhart 
2002,  La  Marca  2004).  If  such  tools  are 
available  for  the  species  and  geographic 
area  of  interest,  the  estimation  requires 
collecting  specific  information  that  these 
tools need as input. Typically, this includes 
the  species,  diameter  at  breast  height 
(dbh),  and  some  information  about  tree 
height.

The production and updating of volume 
tables  and  functions,  especially  in  Italy, 
have practically stopped over the last few 
decades. The last major national effort was 
made in support of the 2nd National Forest 
Inventory (INFC 2005  – Tabacchi & Gaspa-
rini  2012).  The  collection  of  national-scale 
volume functions for Italian trees (Tabacchi 
et  al.  2011)  encompassed  all  the  major 
broadleaf and conifer species of the coun-
try. For many species, the number of sam-
ple trees was limited,  although ultimately 
suitable  for  national-scale  estimates.  In 
contrast,  for local  assessments,  estimates 
can be quite biased. The R package ForIT 
(Puletti 2014) enables the direct integration 
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of functions in inventory estimations, high-
lighting  the  limited  accuracy  that  can  be 
obtained. 

The  creation  of  local  volume  tables  for 
Sardinia has been nearly absent (Scotti  & 
Campus 2022), and using national functions 
can lead to biased estimates.

Estimating the wood volume of a forest 
where reliable functions are not available 
must rely on direct measurements. To ob-
tain an accurate measure of the tree bole 
volume, it is necessary to measure the di-
ameter of many sections along the stem. 
Traditionally,  this  operation  required  cut-
ting down the tree; however, modern laser 
technologies now allow measurements to 
be taken on standing trees. Nevertheless, 
this operation still demands a significant in-
vestment of time and resources (Calders et 
al. 2020, Puletti et al. 2023). Common oper-
ational requests for wood volume estima-
tions  in  Sardinia  cannot  support  such  in-
vestments. As  a  results,  an  approximate 
stem  volume  estimate  is  obtained  using 
the general  average value of  the “reduc-
tion factor” (F = 0.5). F represents the ratio 
of  the  stem  volume  to  the  volume  of  a 
cylinder with a section equal to the breast 
height  section  and  height  equal  to  the 
stem height (eqn. 1):

(1)

where dbh is the diameter at breast height, 
h is the tree height and Vstem is the real vol-
ume of the tree bole.  The stand volume is 
then estimated by applying the average  F 
value in the eqn. 2:

(2)

where  G is the stand basal area, and  hg is 
the height of a stem with an average basal 
area.

More accurate direct methods apply the 
same equation to groups of stems of differ-
ent  dimensions  to  account  for  the actual 
distribution  of  diameters.  However,  this 
improvement  relies  on  evaluating  the  ac-
tual different F values for each group.

While felling and measuring the trunk, or 
evaluating the bole profile using terrestrial 

laser  scanning  (TLS)  techniques,  is  a  de-
manding  operation,  alternative  methods 
have been developed over the years in Eu-
rope  and  North  America  to  estimate  the 
volume of a standing tree quickly yet reli-
ably. These methods enable improved vol-
ume  estimation  for  standing  trees  com-
pared  to  the  fixed  F-value  method,  with 
the support of limited additional measure-
ments. Despite their solid theoretical basis, 
they  have  been  underutilized  in  forest 
mensuration  due  to  the  historical  lack  of 
tools  to  accurately  measure  diameters  at 
specific heights along the stem (La Marca 
2004). Today, advanced technologies make 
these  tools  readily  available  and  widely 
used. Indeed, traditional instruments, such 
as the Spiegel Relascope and Finn caliper 
(La  Marca  2004),  and  the  Wheeler  pen-
taprism  tree  caliper  (Avery  &  Burkhart 
2002) have evolved into electronic devices 
and  smartphone  apps  (Kershaw  et  al. 
2017).

Improved quick estimation of the stem 
volume of single-standing trees

Among the non-destructive methods for 
estimating the volume of  a standing tree 
based on measurements of trunk diameter 
at  a  given height,  some have been more 
widely  used  and  studied  than  others. 
Ducey & Williams (2011) compared the ac-
curacy  of  the  centroid  sampling  method, 
the paracone method, and the Hossfeld’s 
method for estimating the volume of Pinus 
ponderosa trees in  South Dakota.  The re-
sults indicated that all three methods pro-
duced  acceptably  accurate  results,  with 
the paracone model being the most accu-
rate for estimating the whole bole volume. 
Additionally,  the  Hossfeld’s  method  re-
sulted slightly more accurate than centroid 
sampling for log volume estimation. In an-
other  study  by  Ozcelik  et  al.  (2006),  six 
methods  were  tested  for  volume estima-
tion of different species in Turkey, namely, 
Cedrus libani (18  trees),  Abies  cilicica (25), 
and  Pinus brutia  (27).  The results showed 
that the Newton’s formula,  the center of 
gravity method, and the centroid method 
were  superior  to  the  other  methods  in 
terms of accuracy. Wiant et al. (1996) com-
pared seven variations of the centroid, im-

portance, and control variable methods for 
estimating the bole volume of over 5,400 
trees, including both conifer and deciduous 
species  in  North  America;  the  results 
showed that the centroid method was the 
easiest to apply in a forest setting and the 
most accurate among the tested methods, 
albeit with some bias.

In  a  study  by  Wood & Wiant  (1990) on 
more than 140 Australian hardwoods, cen-
troid sampling yielded the best overall re-
sults. This suggests its potential applicabil-
ity  even  for  species  with  a  deliquescent 
growth habit.  Yavuz (1999) compared the 
centroid  sampling  method  with  more  so-
phisticated standard methods for estimat-
ing the stem volume of  Fraxinus angustifo-
lia (21  trees),  Picea orientalis (38),  and  Fa-
gus  orientalis  (33)  in  Turkey;  the  centroid 
sampling  method  showed  no  significant 
bias  at  the  individual  species  level  when 
compared to detailed measurements, and 
a  significant  improvement  in  estimation 
was observed when species were pooled.

The objective of  this  work is  to make a 
preliminary  evaluation  of  the  accuracy  of 
the  centroid,  Pressler’s,  and  Hossfeld’s 
methods  in  estimating  the  standing  vol-
ume of a Mediterranean stand of  Pinus ra-
diata D. Don and P. pinaster Aiton.

Materials and methods
The study area is situated in central-east-

ern Sardinia (Italy) in the Gennargentu for-
est district, one of the 25 forest districts es-
tablished  under  the  Forest  and  Environ-
mental Plan for the Sardinia Region (PFAR 
2007). The district encompasses over 1500 
km2 in  a  mountainous area (80% is  above 
600  m  a.s.l.,  with  26%  exceeding  1000 m 
a.s.l.) dominated by the Gennargentu mas-
sif. The artificial stands under investigation 
were  established  in  the  early  1970s  be-
tween 830 and 900 m a.s.l.  and currently 
cover over 10 ha. These stands are distrib-
uted  across  diverse  slopes,  ranging  from 
flat to rather steep terraced terrains, and 
display  different  aspects,  predominantly 
facing  north,  south,  and  east  directions. 
Dominant species are  Pinus radiata and  P. 
pinaster.  The  measures  were  taken when 
the stands were over 40 years old, hence 
technically suited to produce economically 
valuable assortments.

The analysis was conducted on a set of 92 
sample  trees  that  were  felled  and  accu-
rately  measured  (Tab.  1).  Sample  trees 
were randomly selected within the strata 
defined,  having  extensively  tallied  all  the 
stands. Before felling, species, dbh (diame-
ter at 1.3 m), total height, health status, po-
tential best withdrawable assortment, and 
eventual  forking  were  recorded.  After 
felling and limbing the main stem (usually 
the largest and most robust one, especially 
if  forks  were present)  was measured.  At-
tention was paid to preserve the whorl po-
sitions and any eventual secondary stems. 
Below 1.3  m above the ground,  the mea-
sures  were  taken  at  heights  of  0.15  and 
0.50 m for approximately 9 out of 10 trees. 
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Tab. 1 - Mean characteristics of the sample trees.

Parameter P. pinaster P. radiata

n 42 50

dbhmin (cm) 11 31

dbhmax (cm) 43 54

dg (cm) 22.4 42.5

hmin (m) 7.7 19

hmax (m) 16.4 29.5

volmin (dm3) 32 702

volmax (dm3) 836 2665

volm (dm3) 247 1493
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Due to diverse constraints during the field 
work,  auxiliary  measurements  were  re-
quired  for  some  trees.  Above  1.3  m,  the 
section  heights  were  determined  by 
branching measures, which were taken at 
each central section between two succes-
sive whorls up to a diameter of 5 cm.

Methods of volume estimation
The reference volume used for compari-

son was determined using Heyer’s formula, 
tailored to the tally protocol that was fol-
lowed.  As  graphically  displayed  in  Fig.  S1 
(Supplementary material), measured diam-
eters  were  generally  utilized  as  section 
central  diameters  (e.g.,  the  diameter  at 
0.15 m was used to compute the volume 
from 0 to 0.3 m, and so on). The upper sec-
tion of the stem was used as the base of 
the terminating cone. Generally, the 5 cm 
threshold diameter does not coincide with 
a whorl. To complete the volume, an addi-
tional cylinder was added, connecting the 
cone base to the top of the upper regular 
cylinder, using the diameter of the last sec-
tion.

In  this  study,  three  methods  were  as-
sessed for direct estimation of the volume 
of a standing tree, namely, Hossfeld’s, cen-
troid sampling, and Pressler’s methods.

The Hossfeld’s method was proposed in 
the early 19th century but has been some-
what  overlooked in  the literature  despite 
its  demonstrated  accuracy  (Ducey  &  Wil-
liams 2011).  This method enables the esti-
mation of the volume for any specified sec-
tion of the stem. The general formula is ex-
pressed as follows (eqn. 3):

(3)

In eqn. 3  VL represents the volume of a 
log of length L,  A1/3L denotes the cross-sec-
tional  area  measured  at  a  distance  1/3·L 
from the larger end of the log, and AL cor-
responds to the cross-sectional area at the 
logs small end. When estimating the total 
tree volume  AL= 0 and  L =  Htot = total tree 
height, thus the formula reduces to (eqn. 
4):

(4)

The centroid sampling method is derived 
from the importance sampling method in-
troduced by Gregoire et al. (1986) and fur-
ther  developed  by  Kershaw  et  al.  (2017). 
Wood et al. (1990) found that the variabil-
ity  in  importance  sample  estimates  was 
minimized when single-diameter measure-
ments were taken at the height,  splitting 
the predicted volume into two halves. They 
termed  this  point  the  “centroid  point”, 
thus  coining  the  term  centroid  sampling. 
This  method  requires  the  prior  measure-
ment of total tree height and upper stem 
diameter  at  centroid  height.  The  height 
(Hs) of the upper stem sectional measure-
ment (Ds)  is  calculated with eqn.  5  (West 
2015 – simplified for  total  volume estima-
tion):

(5)

where Htot is the total height of the stand-
ing tree. The application in the field can be 
carried  out  using  instruments  that  allow 
the measurement of stem diameter at sec-
tion heights  that  are  not  directly  accessi-
ble. The requested section is relatively low 
and, hence, usually in clear sight.

The volume (Vtot) is expressed as follows 
(eqn. 6):

(6)

that, given eqn. 5 and As = Htot [(Ds
2  π) / 4], 

can be simplified as (eqn. 7):

(7)

Eqn.  6  is  based on the assumption that 
the stem conforms to the shape of a qua-
dratic paraboloid (West 2015). In practical 
terms,  this  formula  is  tightly  related  to 
Hossfeld’s formula because Hs is just below 
one-third of Htot.

The  Pressler’s  method  requires  estimat-
ing the height  hP (Pressler’s height) of the 
stem section with a diameter equal to half 
the  base  diameter.  La  Marca  (2004) sug-
gests  that  the  area  of  the  breast  height 
section can be used as a substitute for the 
ground-level  section  area  (S0).  The  latter 
approach was also adopted in this study.

Because the base section diameter (d0) is 
challenging to measure accurately due to 
butresses, it was not measured directly in 
the sample trees. We estimated the diame-
ter of each tree using linear interpolation 
of all available diameter measurements be-
low  <  1.3  m,  including  the  diameter  at 
breast height (dbh). Initially, both variants 
of the formula are evaluated, searching for 
hp equal to half of  d0 and equal to half of 
dbh. Also, hP is estimated by linear interpo-
lation between the heights of the sections 
just above and below the searched diame-
ter.

The volume of the standing tree is deter-
mined by the following equations (eqn. 8):

(8)

where  d0 is the estimated ground level di-
ameter and hp is the height where stem di-
ameter equals d0/2 (eqn. 9):

(9)

Obviously, heights and diameters are as-
sumed to be expressed in the same units in 
all the equations, and volume is estimated 
in the cube of that unit.

Estimation of additional measures 
required

As mentioned above, all the methods as-
sessed in this study for directly estimating 

the volume of standing trees require addi-
tional measurements beyond the basic for-
est mensuration attributes, i.e., diameter at 
breast height (dbh) and total height (htot). 
The Hossfeld’s method requires D1/3L, that is 
the  diameter  of  the  section  at  1/3  L;  the 
centroid sampling method requires the  Ds 

value,  i.e.,  the  diameter  at  “centroid 
height”;  finally,  the  Pressler’s  method  re-
quires  hP,  which  is  the  height  along  the 
stem where the diameter is half the base 
section diameter (or the diameter at breast 
height).

Accuracy of the methods
The volumes estimated using the detailed 

measures  taken  on  the  sample  trees 
served as a reference for the comparison 
of  the  different  methods.  The  analysis 
aimed to evaluate the accuracy gain of the 
three methods tested with respect to the 
first approximation estimates. The compar-
ison was conducted using the statistics re-
ported in Tab. 2 (see also Tab. S1 in Supple-
mentary material for the equations).

To verify and complement the results of 
the  aggregate  statistics,  the  volume  esti-
mates obtained by the three quick meth-
ods were compared with the reference es-
timates  by  linear  interpolation,  and  the 
goodness-of-fit to the 1:1  relationship was 
assessed  by  graphical  analysis.  The  inter-
cept  and  slope  were  tested  not  signifi-
cantly different from zero and one, respec-
tively.

Results
In this study we evaluated the accuracy of 

three quick methods for volume estimation 
of standing trees and compared their accu-
racy with that of the oversimplified F = 0.5 
approach currently used in Sardinia.

Graphical analysis
Fig. 1 shows the relationship between the 

reference volume calculated using Heyer’s 
formula on felled trees and the volume es-
timated by applying three quick methods 
to  the  same  standing  trees  before  they 
were cut down.

Of  the  two  variants  of  the  Pressler’s 
method initially considered, the one using 
the base section was discarded due to its 
poor performances. Therefore, only the re-
sults of the Pressler’s method based the di-
ameter at breast height are reported here. 

Regarding  Pinus  pinaster,  the  perfor-
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Tab. 2 - Accuracy statistics applied in this 
study.  The corresponding formulas are 
reported in Tab. S1 (Supplementary ma-
terial).

Label Statistics

MAE Mean Absolute Error

Rsq Coefficient of determination

RMSE Root Mean Squared Error

PRB Percent Relative Bias
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H tot A s

√2

V tot=
π (H tot Ds)

2

8 (H tot−H s)

V P0=
2

3⋅hp⋅d0
2⋅π
4

V Pb=
2

3⋅hp⋅dbh
2⋅π
4

V L=
3 A1/3 L+AL

4
L

H s=H tot (1−√0.5)≈0.293⋅H tot

V H=0.75 A 1
3
L
H tot
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mances of the Pressler’s method were su-
perior, with minimal bias and a slope that is 
almost  perfectly  overlapping  the  1:1  line. 

The centroid and Hossfeld’s methods also 
provided good estimates, showing a similar 
tendency to underestimate the volume as 

it increases, while a more pronounced un-
derestimation  was  detected  by  using  the 
Hossfeld’s  method.  While  these  methods 
generally  underestimate  the  volume,  the 
application of the F=0.5 approach results in 
a  clear  overestimation,  especially  as  the 
tree size increases.

Regarding Pinus radiata, the F=0.5 simpli-
fication yields the poorest results, exhibit-
ing the highest bias and a large overestima-
tion of the standing tree volume, as clearly 
inferred by regression line that is distinctly 
not aligned with the 1:1 line. The Pressler’s 
method yielded the most accurate estima-
tions of tree bole volume, while improve-
ments were also observed using both the 
Hossfeld’s and centroid methods. The lat-
ter  demonstrated a  slight  bias  across  the 
entire  volume  range,  whereas  the  Hoss-
feld’s  method  showed  a  reduced  bias  as 
tree size increases.

Statistics
Tab. 3 reports the regression coefficients 

of the linear relationships  (Fig. 1) between 
the reference values and the tree volume 
estimates obtained using the quick meth-
ods considered. Regarding the F=0.5 meth-
od,  the  slope  was  significantly  different 
from  1  for  both  species,  while  the  other 
methods exhibited varying fitting. Both the 
Centroid and the Hossfeld’s methods had a 
slope not significantly different from 1 only 
in  P. radiata.  Conversely,  the slope of the 
regression  line  using  the  Pressler’s  esti-
mates was not significantly different from 1 
only for P. pinaster. However, the probabil-
ity  is  just  below  the  threshold  of  signifi-
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Fig. 1 - Graphical results of the quick volume estimation methods considered in this study for Pinus pinaster (upper row) and P. radi-
ata (lower row).

Tab. 3 - Significance tests of the regression analysis coefficients. Regression model: 
Volreference = b0 + b1 · Volquick. (ns): not significatively different; (sig): significantly different 
(α = 0.05).

Method Species p(H0: b0=0) p(H0: b1=1)

F=0.5 P. pinaster 0.081 ns 0.000 sig

P. radiata 0.248 ns 0.000 sig

Centroid P. pinaster 0.153 ns 0.006 sig

P. radiata 0.077 ns 0.588 ns

Hossfeld’s P. pinaster 0.685 ns 0.000 sig

P. radiata 0.012 sig 0.115 ns

Pressler’s P. pinaster 0.204 ns 0.352 ns

P. radiata 0.068 ns 0.045 sig

Tab. 4 - Summary of the accuracy of the different volume estimation methods. (MAE): 
mean absolute error; (Rsq): coefficient of determination; (RMSE): Root Mean Squared 
Error; (PRB): percentage relative bias.

Species Method MAE Rsq RMSE PRB

P. pinaster Centroid 30.0 0.948 40.6 -14.5

F=0.5 40.3 0.888 59.2 5.3

Hossfeld’s 31.8 0.929 47.3 -16.1

Pressler’s 18.2 0.975 28.0 -7.9

P. radiata Centroid 100.6 0.922 133.3 -5.6

F=0.5 374.9 0.177 432.5 19.4

Hossfeld’s 118.5 0.902 149.0 -5.9

Pressler’s 79.3 0.954 102.4 -0.4
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cance  while  for  P.  radiata RMSE  for  this 
method  presented  the  lowest  value.  The 
results of the comparison of the methods 
considered for each species are reported in 
Tab. 4 in terms of aggregate statistics. The 
error values resulted  strongly affected by 
the  different  stem  volume  of  the  two 
species.  Again,  the  Pressler’s  method 
showed  the  best  performance  in  P. 
pinaster, showing the lowest values of MAE 
and  RMSE.  Indeed,  the  RMSE  for  the 
Pressler’s method was 28 dm3, while Cen-
troid and Hossfeld0s had 40 and 47 dm3, 
respectively. The F=0.5 method had an per-
centage relative  bias  (PRB)  slightly  lower 
than  that  of  the  Pressler’s  method  (ap-
proximately 5% vs.  8%, respectively). How-
ever, aggregate statistics do mask the un-
even distribution of errors, as already dis-
played in Fig. 1. The Centroid and the Hoss-
feld’s methods yield quite similar results in 
terms  of  mean  absolute  error  (MAE), 
which  were  significantly  better  than  the 
F=0.5 results. PRB values were also similar, 
although slightly worse than for the F=0.5 
simplified method.

Regarding  P.  radiata  volume  estimates, 
the Pressler’s method was the most accu-
rate, demonstrating superior performance 
for  all  error  statistics.  Notably,  there  is  a 
significant improvement in the PRB metrics 
compared to P. pinaster, reducing from 8 to 
0.3% in absolute values. The accuracy of the 
estimates  using  the  Hossfeld’s  and  the 
Centroid methods was notably similar also 
in  this  species.  However,  the  Centroid 
method appears  to exhibit  slightly  better 
performance in terms of RMSE. The F=0.5 
method exhibited a sharp decline in perfor-
mance for this species, as the RMSE was al-
most three times higher than that obtained 
using the Hossfeld’s method, and the PRB 
was three times higher than that from the 
Hossfeld’s  and  Centroid  methods,  with  a 
very low R2 (0.18).

For  both  species,  the  F  =  0.5  simplified 
method  consistently  showed  a  positive 
bias, while the Pressler’s method appears 
to yield the best approximation to the ref-
erence volume.

Discussions and conclusions
This study analyzed the efficacy of various 

methods for rapid tree volume estimation 
using non-destructing methods during for-
est  surveys by comparing them with pre-
cise ground-thuth measurements.

A  preliminary  result  of  this  study  is  the 
difference  in  the  performances  of  the 
Pressler’s method when using  dbh and  d0. 
Indeed, using  d0 we observed a significant 
performance decline,  leading to the over-
estimation of the tree volume. The overes-
timation  obtained  using  d0 compared  to 
dbh may seem expected, but it is counter-
intuitive  since  the  method  was  originally 
designed to be used based on d0. This find-
ing  supports  the  suggestion  made  by  La 
Marca (2004). It is  worth noting that this 
does  not  significantly  impact  the  applica-
tion of the method, as it is easier to mea-

sure  the  dbh than  an  arbitrary  diameter 
near  ground level,  especially  when trying 
to avoid buttresses. This insight could po-
tentially influence future practices in forest 
volume  estimation  using  the  Pressler’s 
method.

Overall,  the  methods  compared  in  this 
study provide valid alternatives for estimat-
ing tree volume and calibrating existing ta-
bles. These non-destructive methods avoid 
the  development  of  complex  equations 
that require multiple tabulated parameters 
for application. Therefore, they can be con-
sidered as efficient and non-destructive al-
ternatives  for  forest  volume  estimation 
and  calibration  processes.  This  could  po-
tentially streamline the process and reduce 
the  reliance  on  more  resource-intensive 
methods.

The plot  of  residuals  (Fig.  S3  in  Supple-
mentary  material)  showed  a  trend  of  in-
cresing  heteroscedasticity  for  values  ex-
ceeding 500 dm³. This trend is observed in 
particular for Pressler’s using S0. Due to the 
method’s assumption of a quadratic parab-
oloid shape for the tree trunk, larger vol-
umes may show significant deviations from 
this  geometric  estimate,  increasing  error 
variability.

In this study the height of standing trees 
was  measured  with  an  ultrasound  hyp-
someter. Conversely, the reference volume 
was  calculated  using  the  length  of  the 
felled trees measured with a rolled meter. 
Due to potential  differences between the 
two measurement methods, we compared 
the two height measures (Fig. S2,  in Sup-
plementary materials). In both species, the 
height of standing trees measured with the 
hypsometer is  underestimated (the differ-
ences  are  significantly  negative,  Tab.  S2), 
by less than 1 m on average. This underesti-
mation becomes more pronounced with in-
creasing  tree  height.  Because  the  height 
measured with the hypsometer is directly 
utilized in the volume calculations for both 
the Hossfeld’s and the Centroid methods, 
any discrepancies in height measurements 
significantly  affect  the  final  volume  esti-
mates. As demonstrated in this study, this 
led to a more pronounced underestimation 
of volume for the abovementioned meth-
ods compared to the Pressler’s metod.

Although the three methods considered 
in this study are similar, their measurement 
approaches have essential differences that 
must  be  considered.  In  the  Hossfeld’s 
method, the initial measurement is the to-
tal tree height; subsequently, one-third of 
the total tree height is calculated to deter-
mine  the  section  at  that  point  along  the 
stem, resulting in three measurements and 
one straightforward calculation.  The  Cen-
troid  method  requires  more  effort:  after 
measuring  the  dbh  and  the  total  tree 
height, it is necessary to calculate both the 
k value and the height  Hs along the stem 
where the second diameter must be mea-
sured, resulting in four measurements and 
two  calculations.  In  contrast,  Pressler’s 
method eliminates the need to measure to-

tal tree height. It requires measuring the di-
ameter  at  breast  height  (dbh)  and  the 
height at which the stem diameter is half 
the diameter at breast height. Hence, the 
latter approach only requires two measure-
ments  and  a  straightforward  calculation, 
while the first two methods require mea-
suring  an  additional  section  at  a  precise 
height, allowing little margin for errors. Us-
ing  the  Pressler’s  method,  however,  the 
specific height of the section is not explic-
itly  defined.  Identifying  the  section  of  a 
cylindric-shaped stem at which half the di-
ameter  at  breast  height  (dbh)  is  reached 
can be challenging in the field, even when 
surveyors are instructed to stop as soon as 
they reach half dbh. Moreover, the height 
at which the second section along the stem 
is  measured  are  similar  in  the  Hossfeld’s 
and  Centroid  methods,  and  this  may  ex-
plain their comparable performances.

The  observed  differences  between  the 
two species considered can be attributed 
to differences in stem shape. Pinus pinaster 
typically exhibits a more irregular stem and 
smaller size compared to  Pinus radiata.  In 
this study, the latter species demonstrates 
a  larger  overall  size  and  generally  has  a 
more regular stem profile.

The  methods  tested  in  this  study  show 
commendable accuracy. However, it is im-
portant to note that these methods were 
applied  using  measurements  from  felled 
trees,  which  allow  for  precise  measure-
ments of height, length, and section diame-
ters.  As  mentioned  earlier,  the  required 
sections  and heights  are  calculated  using 
linear interpolation. However, the applica-
tion of these methods requires that mea-
surements are taken from standing trees, 
which present a set of  challenges.  There-
fore,  the  volume  will  be  calculated  using 
quick estimation methods, and when nec-
essary, the trees will be felled to obtain de-
tailed measurements  and verify  the accu-
racy of the estimates.

All  of  these methods require  measuring 
the  upper  stem  diameter  of  trees  in  the 
forest,  which  involves  using  appropriate 
tools,  e.g.,  Bitterlich  relascope,  Wheeler 
caliper,  or  Finn  caliper.  While  these tools 
can be difficult to find and somewhat ex-
pensive, their use in this context can pro-
vide  a  good  return  on  investment.  Addi-
tionally, measurements taken in the forest 
can be affected by operational challenges 
and the ability to accurately locate sections 
and heights in the upper stem, potentially 
leading to a lack of precision or systematic 
errors. Further research is needed to effec-
tively  apply  these  methods  as  they  were 
originally intended.

Finally,  it  is  worth  remembering  that 
these methods can be applied to the genus 
Pinus,  which  exhibits  a  typical  excurrent 
habit. Although Wood & Wiant (1990) suc-
cessfully applied them to trees with a deli-
quescent habit, further research is needed 
to corroborate its  validity.  This  is  particu-
larly  important  for  low-density  stands  of 
broadleaved species, where large branches 
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which  contribute  significantly  to  the  vol-
ume may be inserted very  low along the 
stem,  and  this  may  represent  a  potential 
problems in locating the upper stem sec-
tions. 

Despite the limitations discussed above, 
this study supports the robustness of the 
theoretical  framework  underlying  these 
methods for rapidly estimating the volume 
of standing trees, which demonstrated to 
yield accurate results for trees with an ex-
current growth habit.
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