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In recent years, we have seen a dynamic growth 
in  the use of  the harvester technology (cut-to-
length method; CTL) for felling in Europe (Moskalik 
et  al.  2017). Mechanised harvesting increases pro-
ductivity and reduces production costs compared 
to  motor-manual felling (Zinkevičius et  al.  2012; 
Spinelli et  al.  2014). The  increase in  the represen-
tation of this technology in the total timber felling 
was also helped by the bark beetle outbreaks in the 
spruce forests. The CTL method is almost exclusive-
ly used for harvesting in some European countries, 
such as Finland, Sweden, Norway and Estonia (Gel-

lerstedt, Dahlin 1999; Moskalik et al. 2017; Lundbäck 
et al. 2018). However, this does not apply in all Eu-
ropean countries, there are also some barriers to in-
creasing the share of  CTL  harvesting, such as  the 
large capital expenses needed to purchase the ma-
chinery, terrain configuration or  species composi-
tion in a region (Ferrari et al. 2012). Therefore, a low 
level of mechanisation of timber harvesting is, for ex-
ample, in Bulgaria, Romania, Slovakia, and Ukraine 
(Moskalik et al. 2017). In Czechia, the share of tim-
ber produced by harvesters has increased in the last 
decade and reached 45% in 2022 (MoA 2023).
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The harvester technology is  optimised for fell-
ing mainly in  coniferous stands. Out of  decidu-
ous tree species, only stands with beech and birch 
to the age of 50 are considered (Dvořák et al. 2011). 
Other tree species are, from a technological point 
of view, problematic for processing. However, even 
this sector is being innovated and the possibilities 
of harvester technology are developing. Harvester 
heads are being modified, which enable debarking 
or, for example, processing of other types of wood, 
such as oak (Mederski et al. 2018). European larch 
(Larix decidua Mill.), a coniferous tree suitable for 
processing by harvesters, belongs to  the tree spe-
cies with a  lower representation in the Czech for-
ests. According to data for 2022 (MoA 2023), it was 
found on an area of over 102 000 ha of forest land, 
which represented 3.9% of  the tree species com-
position of Czech forests. It is thus the third most 
represented conifer, after spruce (46.8%) and pine 
(16.0%). Current studies have shown that it is a geo-
graphically indigenous tree species in  the terri-
tory of Czechia (Pokorný et al. 2023). In the past, 
however, it  was never significantly represented 
in Czech forests. The reason was also its ecological 
demands, when it  can be  considered a  light-de-
manding tree (Bottero et al. 2013), i.e. competitively 
weak in dense deciduous stands. There is currently 
no reason not to use this tree species in economic 
forests. Larch is  mainly used for growing mixed 
stands in the form of individual and group-like mix-
tures. It helps foresters to increase the tree species 
diversity of forests. In 2022, the larch was used dur-
ing the artificial restoration of forests after the bark 
beetle outbreak on a total area of almost 2 000 ha, 
which represented 5% of the total annual artificially 
afforested area (MoA 2023). According to the rec-
ommended tree species composition (MoA 2023), 
the representation of larch in Czech forests should 
increase to 4.2% in the future. And since larch of-
ten forms an admixture of spruce and pine stands, 
it  can be assumed that larch timber will probably 
occur in higher volumes than today in timber pro-
duction by harvester technology.

In Central Europe, timber dimensions are mea-
sured in  bark but sold (volume is  calculated) 
without bark. The  bark volume is  therefore pro-
vided  to  customers free of  charge, and they can 
continue to  use it  and profit from it  (Jankovský 
et al. 2023). The standard method of scaling timber 
in Czechia is to estimate the volume of logs using 
Huber's formula according to the log length and the 

midspan diameter measured in  the bark with  the 
application of  a  model deduction for the double 
bark thickness, as  described in  the Guidelines. 
However, larch is  not the main economic tree, 
therefore it has not been given too much attention. 
The standard tables used for estimating the volume 
of logs, which are the Guidelines for Timber Scaling 
in Czechia (GTS; Wojnar 2007) and Tables and Poly-
nomials for Estimating Under-bark Volume of Logs 
(TP; Černý, Pařez 2002), use the same procedures 
for determining the double bark thickness for 
European larch as  for Scots pine. Valenta (2015) 
compiled an equation for determining double bark 
thickness directly for larch. From this equation, 
Natov and Dvořák (2018) derived the values for 
the diameter band bark deduction method (DBM) 
and the parametric linear bark deduction method 
(PLM), which they present in  the Guidelines 
for Electronic Scaling of  Timber for Harvesters 
in  Czechia (Natov, Dvořák  2018). The  harvester 
software also offers several options for estimating 
the over-bark volume of  produced logs, the so-
called price categories, which are based on differ-
ent algorithms. However, there is only one method 
(M3toDE) among them, whose algorithm coincides 
with how timber is  traded in  Czechia, according 
to  the Guidelines for Timber Scaling in  Czechia 
(Wojnar 2007).

The aim of this study was to find out how the esti-
mated over-bark volumes of larch timber produced 
by  harvesters differ when using different price 
categories (sectional, very accurate volume M3s 
vs. volume based on the Huber M3toDE formula), 
and even between different produced assortments. 
Furthermore, the goal was to  analyse the differ-
ences between the under-bark volumes of  larch 
timber estimated according to the two bark deduc-
tion methods, which can be used in the harvester 
software, and three other bark deduction methods, 
which are standardly used in Czech forestry when 
estimating the under-bark volumes of larch logs.

MATERIAL AND METHODS

Data collection. The  data utilised in  this study 
were collected from a  John Deere 1270E  harvest-
er (Deere &  Company, USA) that was equipped 
with a  Waratah  480C  harvester head (Waratah 
Forestry Equipment, Finland). This machine used 
the TimberMatic control and information system 
(Version  1.19, 2016), which allows the storage 
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of  data in  the unified StanForD  Classic standard 
(Skogforsk  2024). John Deere 1270E  harvester 
belongs to  the mid-performance category, which 
is  the most prevalent harvester class in  Czechia 
(MoA  2023). Data collection lasted from 
March 2017 to June 2018, primarily focusing on fi-
nal and salvage fellings conducted across Czechia. 
The  harvester predominantly processed conifer-
ous trees, mostly Norway spruce (Picea abies) 
and Scots pine (Pinus sylvestris). The dataset used 
in this study overlaps with that of Löwe et al. (2019) 
and Sedmíková et  al.  (2020); however only Euro-
pean larch data were utilised here.

The harvester's control and information system 
was configured to automatically generate stem files 
(.stm), which contained various metrics (e.g. length 
and diameter) for each processed tree (Skog-
forsk 2007). Each stem of  larch was automatically 
cut into 1–12 logs according to the assortment cat-
egorisation setting, with measured diameters pro-
vided for every 10 cm of log length, along with M3s 
volume estimate for each log.

To ensure the accuracy of  length and diameter 
measurements, a  control measurement proce-
dure was implemented at the onset of each work-
day. The  Haglöf Digitech Professional  II  digital 
caliper (Haglöf Sweden  AB, Sweden) equipped 
with Digitech Tape and Skalman software (Ver-
sion  6.11,  2016) was used for it. The  procedure 
of control measurement was previously described 
by Löwe et al. (2019) and Sedmíková et al. (2020).

Data processing. Data contained within the 
stem files was migrated into the MS Excel file for-
mat. This data conversion process was facilitated 
using the STeMa application developed by  Natov 
in 2016 (Version 1.0, 2016). Following the conver-
sion, the resulting database underwent a thorough 
screening to eliminate any outliers or extreme val-
ues. In total, 637 stem files were analysed, contain-
ing data from 4 345 produced logs.

The variables under consideration were as follows:
– Tree species (TS): This study exclusively focused 

on European larch.
– Assortment (AS): This variable contained details 

regarding the classification of the log into assort-
ments based on specified customer requirements.

– Midspan diameter (MD): MD  denoted the di-
ameter of the log (measured in millimetres over 
bark) in the middle of its required length.

– Top end diameter (TD): TD  represented the di-
ameter of the log (measured in millimetres over 

bark) at  the end of  its required length, serving 
as one of the quantitative parameters for assort-
ment classification.

– Required length (RL): RL denoted the minimum 
required length of the log (measured in centime-
tres) for a particular assortment.

– Total length (TL): TL  contained the real length 
of the log (measured in centimetres).

– Over-bark volume of a log according to the M3s 
price category (VM3s): VM3s indicated the volume 
of the log (measured in cubic metres over bark) 
estimated using the required length of the log.
Using the M3toDE  price category algorithm, 

we  calculated the volume of  each log (designated 
as VM3toDE). This volume estimation is based on the 
required length and midspan diameter, measured 
in  millimetres, and was rounded down to  the 
nearest whole centimetre using the HKS  method 
(Handelsklassensortierung –  trade class sorting; 
BW-HKS 1983).

The log volume was estimated according to Equa-
tion (1):

2

M3toDE
4

10 000 100

MD
RLV = π× × 	 (1)

where:
VM3toDE	 – log volume according to the M3toDE price 

    category (m3 over bark);
MD		  – midspan diameter (cm);
RL		  – required length (cm).

The principle of  estimating volume according 
to  the M3s and M3toDE  price categories is  de-
scribed in detail and graphically illustrated in  the 
study by Sedmíková et al. (2020).

Categorisation of  assortments. The  harvester 
produced logs that represented specific assort-
ments. Each assortment met specific requirements 
of  the customer, which included parameters such 
as tree species, top end diameter, required length, 
and grade. Upon felling a tree, the harvester opera-
tor initially identified the tree species and assessed 
the timber quality (grade). Subsequently, the ma-
chine software proposed to produce a suitable as-
sortment based on  predetermined quantitative 
parameters. This grading method was also used 
by Löwe et al. (2019).

Bark thickness deduction methods. In Czechia, 
the Guidelines for Electronic Scaling of Timber for 
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Harvesters in Czechia, GEH (Natov, Dvořák 2018) 
were developed. Therefore, to  estimate the un-
der-bark volume based on  the M3toDE  price cat-
egory, two bark deduction methods, which are 
listed in  GEH  and are supported by  the control 
and information system of  harvesters, were used. 
It  was the diameter band bark deduction method 
(DBM) and the parametric linear bark deduction 
method (PLM). Values and parameters of  these 
bark deduction methods for larch were created 
in GEH based on the method reported by Valenta 
(2015). However, the bark deduction method de-
veloped by Valenta (2015) could not be used direct-
ly in  GEH  because polynomial functions are not 
supported in the StanForD.

For comparison, double bark thickness values 
were calculated commonly in  Czechia for all logs 
according to  the methods developed by  Valenta 
(2015). We also added two more methods which are 
very common in Czechia. Their disadvantage is that 
they do not differentiate the double bark thickness 
estimation for European larch separately but use the 
same values as for Scots pine. These are the Guide-
lines for Timber Scaling in Czechia (Wojnar 2007) 
and Tables and Polynomials for Estimating Under-
bark Volume of Logs (Černý, Pařez 2002).

Below are the individual bark deduction methods 
and their formulas, or  the values that were used 
in the study.

(i) The  diameter band bark deduction method 
(DBM method – usable in the software of harvest-
ers). The  double bark thickness values within the 
DBM were determined for 10 diameter bands pub-
lished in GEH (Natov, Dvořák 2018) and are shown 
in Table 1.

(ii) The parametric linear bark deduction method 
(PLM method – usable in the software of harvest-
ers), Equation (2):

DBTPLM = a + MD × b	 (2)

where:
DBTPLM	 – double bark thickness according to  the 

    PLM method (mm);
a, b		  – a = 2.02, b = 0.0482 for European larch logs 

   according to the GEH (Natov, Dvořák 2018);
MD		  – midspan diameter (mm over bark).

(iii) The  bark deduction method according 
to  Valenta (VAL  method –  parametric nonlinear 
function, so  it cannot be used in  software of har-

vesters). Valenta (2015) distinguishes two formulas 
for determining double bark thickness, depending 
on whether it  is a butt log or other logs from the 
tree trunk. However, since bark deduction meth-
ods in  GEH  (Natov, Dvořák  2018) were derived 
only from Valenta's formula for other logs, this 
study used the formula for other logs for compari-
son, as shown in Equation (3):

DBTVAL = (0.55436 + 0.01734 × MD1.29855) × 10	 (3)

where:
DBTVAL	 – double bark thickness according to Valenta  

    (2015) in mm;
MD		  – midspan diameter (cm over bark).

(iv) The  bark deduction method according 
to  the Guidelines for Timber Scaling in  Czechia 
(GTS – parametric nonlinear function, so it cannot 
be used in the software of harvesters). Since 2002, 
the Guidelines for Timber Scaling in Czechia (Woj-
nar 2007) have been used in the timber production 
and trade of individual assortments. The GTS fully 
govern a large number of contracts between suppli-
ers and customers. However, for calculating double 
bark thickness of European larch, the same param-
eters are used as those that are set up for Scots pine 
butt logs, as shown in Equation (4):

Table 1. The double bark thickness values of the diameter 
band bark deduction method (DBM) used for under-bark 
volume estimation of European larch timber in harvester 
control and information systems

European larch (Larix decidua)
Midspan diameter 
(mm over bark)

double bark thickness 
(DBTDBM; mm)

0–79 6.71
80–149 9.43
150–219 12.86
220–289 16.86
290–359 21.14
360–429 25.71
430–499 30.57
500–569 35.57
570–639 40.86
640–700 46.43

DBTDBM – double bark thickness according to the diameter 
band bark deduction method according to  the guidelines 
by Natov and Dvořák (2018)

https://jfs.agriculturejournals.cz/
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DBTGTS = (1.7015 + 0.008762 × MD1.4568) × 10	 (4)

where:
DBTGTS	 – double bark thickness according to Wojnar  

    (2007) in mm;
MD		   – midspan diameter (cm over bark).

(v) The bark deduction method according to the 
Tables and Polynomials for Estimating Under-
bark Volume of  Logs (TP  –  parametric nonlin-
ear function, so  it cannot be  used in  the control 
and information systems of harvesters). Tables and 
Polynomials for Estimating Under-bark Volume 
of Logs (Černý, Pařez 2002) use parametric nonlin-
ear function with Scots pine parameters for under-
bark volume estimation of European larch timber, 
as shown in Equation (5):

DBTTP = (0.25017 + 0.0019147 × MD1.7866) × 10	 (5)

where:
DBTTP 	 – double bark thickness according to the Tables  
		     and Polynomials for Estimating Under-bark  
		     Volume of Logs (Černý, Pařez 2002) in mm;
MD		  – midspan diameter (cm over bark).

Under-bark volume estimates. We  estimated 
the under-bark volume (m3) for each log using all 
five bark deduction methods (DBM, PLM, VAL, 
GTS, TP). To  estimate the under-bark volumes, 
only the M3toDE price category was used through-
out this study as  recommended by  Natov and 
Dvořák (2018). Therefore, Equation  (1) was used. 
However, in this case, the value of midspan diam-
eter (MD; cm) used in Equation (1) was the value 
obtained by subtracting the double bark thickness 
(DBT; mm) from the measured midspan diameter 
(MD; mm over bark), rounded down to the nearest 
centimetre. By substituting the determined under-
bark midspan diameter (cm) into the formula, the 
under-bark volume (m3) was calculated. The  un-
der-bark volumes, estimated via these five bark 
deduction methods, were denoted as  VDBM, VPLM, 
VVAL, VGTS, and VTP.

Data analyses. Descriptive statistics were used 
to obtain average and summary values of  individ-
ual variables. The  Kolmogorov-Smirnov normal-
ity test was used for testing of the data normality. 
Wilcoxon matched pairs test was used to  test the 
differences between over-bark volumes estimated 
according to the M3s and M3toDE price categories. 

Friedman's analysis of variance (ANOVA) was used 
to test the differences between the M3toDE under-
bark volume estimates using the DBM, PLM, VAL, 
GTS, and TP bark deduction methods. For all sta-
tistical tests, the α = 5%   level of  significance was 
set. Tests were conducted in the Statistica package 
(Version 13, 2018). For testing differences between 
under-bark volume estimates according to  each 
two bark deduction methods, Wilcoxon matched 
pairs tests were used, followed by  the Bonferroni 
method for P-value correction, in  the statistical 
software R (Version 4.2.3, 2023).

RESULTS

In total, 4 345  logs produced from 637  stems 
of  European larch were analysed. Logs were pro-
cessed by  a  harvester, and their over-bark vol-
umes were estimated according to  two different 
algorithms of  M3s and M3toDE  price categories. 
The  mean over-bark volume according to  M3s 
was statistically significantly higher (P  <  0.001) 
than the mean over-bark volume according 
to M3toDE (Figure 1). The total over-bark volume 
estimated through the M3s price category was 
higher than that determined by the M3toDE price 
category. This trend was consistent across all as-
sortment grades, as shown in Table 2. The highest 
difference was recorded for the roundwood, and 
that was almost 6%. The  total under-bark volume 
estimated using the VAL bark deduction method 
was 819.94 m3, which was 54.09 m3 (6.6%) more 
than using the GTS  bark deduction method and 
vice versa by  51.51 m3  (6.3%) less than using the 
TP  bark deduction method. If  we  compare this 
volume with the volumes determined by  the har-
vester software, it  was 2.08 m3  (0.25%) less than 
when using the DBM  bark deduction method 
and 5.44 m3  (0.66%) more than when using the 
PLM bark deduction method.

Significant differences were found [Friedman 
χ2 = 15.176; df (degrees of freedom) = 4; P < 0.001] 
between under-bark volume estimated according 
to  the M3toDE  price category using five different 
bark deduction methods (Figure 2). When compar-
ing the mean under-bark volume estimates for each 
pair of bark deduction methods, there were statisti-
cally significant differences (all the time P < 0.001). 
The  mean under-bark volume using the bark de-
duction method according to  Valenta (2015) was 
0.1887 m3. The  mean under-bark volume accord-
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Figure 1. Differences between mean over-bark volumes estimated according to the M3s and M3toDE price categories

a, b – statistically significant differences revealed by the Wilcoxon matched pairs test (α = 5%); bars – indication of standard error

Figure 2. Differences between mean under-bark volumes estimated according to the M3toDE price category using five 
different bark deduction methods

a–e – statistically significant differences revealed by the Wilcoxon matched pairs test (α = 5%); bars – indication of stand-
ard error; PLM – parametric linear bark deduction method (Natov, Dvořák 2018); DBM – diameter band bark deduction 
method (Natov, Dvořák 2018); VAL – bark deduction method according to Valenta (2015); GTS – bark deduction method 
according to Wojnar (2007); TP – bark deduction method according to Černý and Pařez (2002)
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ing to  the diameter band bark deduction method 
(Natov, Dvořák 2018) was 0.1892 m3 and deviated 
least from this value. After that, it  was the mean 
under-bark volume (0.1875 m3) according to  the 
parametric linear bark deduction method (Natov, 
Dvořák 2018). In contrast, the volumes according 
to Wojnar (2007) and Černý and Pařez (2002) devi-
ated the most (0.1763 m3, resp. 0.2006 m3).

DISCUSSION

In 2022, harvester technology reached 45% of the 
total annual volume of timber produced in Czechia 
(MoA  2023). Even though the structure of  forest 

stands is slowly changing after the bark beetle out-
break and with regard to the changing natural con-
ditions due to climate change, harvester technology 
has and will have a  significant presence in  Czech 
forest management. Despite the fact that the goal 
of  foresters is  to establish more diverse forests 
with a  higher proportion of  deciduous trees, fac-
tors such as suitable terrain conditions in Czechia, 
the lack of forest workers working in the forest with 
chainsaws or horses, the development of harvester 
technology for application in thinning and process-
ing of deciduous trees and still a significant propor-
tion of conifers in forest stands in Czechia, give the 
assumption to consider the use of harvester tech-

Table 2. Measured European larch timber parameters, estimated double bark thickness and under-bark volumes, 
using five different bark deduction methods (DBM, PLM, VAL, GTS, TP)

Parameter of logs All logs
Assortment grade

roundwood pulpwood firewood
Number of logs n = 4 345 n = 2 023 n = 2 140 n = 182
Mean RL (cm) 324 466 202 172
Mean MD (mm o.b.) 254 321 200 125
Total VM3s (m3 o.b.) 1 003.91 844.94 155.12 3.84
Total VM3toDE (m3 o.b.) 947.84 794.37 149.67 3.81
RD (%) –5.59 –5.99 –3.51 –0.78
Mean DBTDBM (mm) 17.14 21.14 13.96 10.15
Mean DBTPLM (mm) 18.17 22.50 14.77 10.00
Mean DBTVAL (mm) 17.42 21.42 14.24 10.32
Mean DBTGTS (mm) 27.22 31.02 24.19 20.71
Mean DBTTP (mm) 9.33 12.31 6.91 4.49
Total VDBM (m3 u.b.) 822.02 689.59 129.23 3.20
Total VPLM (m3 u.b.) 814.50 683.67 127.64 3.18
Total VVAL (m3 u.b.) 819.94 688.22 128.51 3.20
Total VGTS (m3 u.b.) 765.85 646.66 116.50 2.69
Total VTP (m3 u.b.) 871.45 729.72 138.21 3.52

n – number of logs; o.b. – over bark; u.b. – under bark; RL – required length; MD – midspan diameter; VM3s – log over-bark 
volume estimate according to the M3s price category; VM3toDE – log over-bark volume estimate according to the M3toDE price 
category; RD – relative difference between the total over-bark volume of logs estimated according to the M3s price category and 
the total over-bark volume estimated according to the M3toDE price category; DBTDBM – double bark thickness according to the 
diameter band bark deduction method (Natov, Dvořák 2018); DBTPLM – double bark thickness according to the parametric lin-
ear bark deduction method (Natov, Dvořák 2018); DBTVAL – double bark thickness according to Valenta (2015); DBTGTS – double 
bark thickness according to Wojnar (2007); DBTTP – double bark thickness according to Černý and Pařez (2002); VDBM – log 
under-bark volume estimate according to the M3toDE price category, using the diameter band bark deduction method (Natov, 
Dvořák 2018); VPLM – log under-bark volume estimate according to the M3toDE price category, using the parametric linear bark 
deduction method (Natov, Dvořák 2018); VVAL – log under-bark volume estimate according to the M3toDE price category, using 
the bark deduction method according to Valenta (2015); VGTS – log under-bark volume estimate according to the M3toDE price 
category, using the bark deduction method according to Wojnar (2007); VTP – log under-bark volume estimate according to the 
M3toDE price category, using the bark deduction method according to Černý and Pařez (2002)
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nology as a common harvesting method in Czechia 
also in the future.

Czechia has become the epicentre of  the bark 
beetle calamity in Europe. In 2017–2019, the spruce 
bark beetle (Ips typographus) damaged 3.1–5.4% 
of the growing stock of spruce forest stands annual-
ly (Hlásny et al. 2021b). The bark calamity reached 
its peak in  2020, when the total annual volume 
of timber harvesting in Czechia reached 35.75 mil-
lion  m3 (MoA  2023). Currently, it  seems that the 
calamity is  receding, and Czech forestry is  slowly 
returning to  its pre-calamity state, which in  the 
volume of  felling represents something between 
15–17  million  m3 of  timber annually. However, 
the risk of  another bark beetle calamity remains. 
In the future, it is assumed that bark beetle calami-
ties will occur synchronously in areas with an area 
of hundreds of kilometres due to extreme climatic 
events, such as  heat waves and droughts (Allen 
et al. 2015; Hlásny et al. 2021a). At the time of the 
bark beetle outbreak, not much attention was paid 
to the education of harvester operators. However, 
now is the right time for consideration at the state 
level to  set educational requirements for the  op-
erators of  these machines. The  background for 
this already exists –  the Guidelines for Electronic 
Scaling of  Timber for Harvesters in  Czechia (Na-
tov, Dvořák 2018) and the modern training centre 
for operators of  harvester technology machines 
in Trutnov, managed by the Czech Forestry Acad-
emy Trutnov. Professionally trained operators will 
ensure the maximum usability of  these machines 
–  their efficiency, correct use with regard to  the 
protection of the forest environment and the fulfil-
ment of all functions of the forest, and the reliabil-
ity of timber production output data.

That is why it is important to know in detail the 
harvester control and information system, its set-
ting options and to understand the outputs of tim-
ber production. As  in previous studies (Löwe 
et al. 2019; Sedmíková et al. 2020), the results of this 
study confirmed that the over-bark volumes of tim-
ber estimated according to  the M3toDE  price 
category were underestimated compared to  the 
reference M3s price category. In  the case of  larch 
timber, this difference was 5.59% (5.99% for 
roundwood) – for comparison, the study by Löwe 
et al. (2019) found a difference of 5.67%. However, 
because in Central Europe, the scaling of  logs ac-
cording to Huber's formula is used as  a  standard, 
we  prefer the M3toDE  price category for timber 

production records and trading in the software set-
ting. In addition, we must not forget to apply a bark 
deduction – timber is sold with bark, but the sales 
volume is given as under-bark volume. In the har-
vester system, only the band or  parametric linear 
bark deduction models can be applied (polynomial 
is not supported by software).

The Guidelines for Electronic Scaling of Timber 
for Harvesters in  Czechia (Natov, Dvořák  2018) 
make it possible to select the DBM and PLM meth-
ods for bark deduction, both compiled according 
to  the Valenta (2015) model. Valenta (2015) con-
structed a polynomial model for the bark deduction 
of larch based on bark measurements of larch logs 
at various locations in Czechia. The results of this 
study showed that the estimated under-bark vol-
ume by using the VAL bark deduction method (Va-
lenta 2015) was only 0.25% smaller than using the 
DBM bark deduction method, and 0.66% larger than 
using the PLM  bark deduction method. It  is  thus 
possible to  use both methods, which, according 
to Natov and Dvořák (2018), are listed in the GEH. 
It may be easier for the harvester operator to use 
the PLM method when setting up  the production 
of assortments for larch because he enters only two 
parameters. The results of our research show that 
the under-bark volumes of  larch timber were sig-
nificantly different when using GTS (Wojnar 2007) 
and TP  (Černý, Pařez  2002). The  volume accord-
ing to VAL was 6.6% higher compared to GTS but, 
on the contrary, 6.3% lower compared to TP.

The differences are due to  the fact that for the 
bark deduction of larch, in the case of GTS, the ta-
bles for bark deduction of Scots pine butt logs are 
used, and in the case of TP, the tables for bark de-
duction of Scots pine other (normal) logs are used 
(i.e.  larch timber is  assigned to  the group under 
Scots pine). Valenta (2015) found that only in short, 
2 m long, butt logs was larch bark thickness equal 
to  or greater than that of  pine butt logs. The  use 
of these models for larch in forest management can 
lead to inaccuracies and commercial disputes.

CONCLUSION

The difference found in  the produced over-bark 
volume of  larch timber when using the price cat-
egory M3s compared to  M3toDE  reached 5.59% 
(for logs 5.99%), which was comparable to the study 
by  Löwe et  al.  (2019). However, for use in  Czech 
forestry, due to standardised procedures for scaling 
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timber based on the Huber formula, it is currently 
necessary to use the M3toDE price category. There-
fore, this price category was also used when com-
paring under-bark volumes according to  different 
bark deduction methods. The results revealed that 
differences exist between all the five methods in-
vestigated. However, the volumes estimated by the 
DBM and PLM methods, which can be used in har-
vesters, reach low differences compared to  the 
VAL method, 0.25% and 0.66%, respectively. In con-
trast, the GTS and TP methods, which are used today 
in Czech forestry to estimate volumes of individual 
logs, underestimate by 6.6% (the difference between 
VAL versus GTS) and overestimate by 6.3% (the dif-
ference between VAL versus TP). This is due to the 
use of values from the tables for the bark deduction 
of  Scots pine, not European larch directly, in  the 
GTS and TP  methods. Table 3 presents a summary 
of the compared bark deduction methods.

Detailed knowledge of harvester control and in-
formation systems is  currently necessary for the 
operator of  these machines. Without this knowl-
edge, it  is not possible to  ensure the correct and 
effective use of harvester technology in Czech for-
ests, which have experienced a massive bark beetle 
outbreak in  recent years and are currently trans-
forming stands into more diverse forests with the 
use of forest management practices that are closer 
to  nature. It  is therefore important to  pay atten-
tion to sub-topics, such as the processing of  larch 
timber and the possibility of  estimating  its over- 
and under-bark volume. Understanding this sub-
issue will help in training operators and acquiring 
comprehensive knowledge about the function-
ing of harvester software. It will also help in maxim-
ising the economic effect when trading larch timber, 
the price of which is higher compared to other eco-

nomic conifers (spruce, pine, fir). For  this reason, 
the machine operator must correctly determine the 
tree species (in this case, European larch) and have 
an  appropriately set  al.orithm for the production 
of  assortments (including the price category and 
bark deduction method). In  further studies, it  is 
necessary to focus on other sub-issues of the effec-
tive use of harvester software and the comparison 
of  common forestry practices in  the production 
and trading of timber in order to be able to explain 
possible differences, for example, between the re-
cords of  timber production from a  harvester and 
when using a chainsaw.
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