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Abstract
Bark characteristics are not only used in the forest-wood supply chain, for example to calculate standing volumes, but also 
to transform wood volumes and masses. In this study, bark thickness, bark volume and bark mass were analyzed on the 
basis of 150 Scots pine discs, with a mean diameter of 13 cm. The mean double bark thickness was 3.02 mm, the mean bark 
volume proportion was 5.6% and mean bark mass proportion was 3.3%. Bark proportions were significantly affected by the 
log-specific variables ‘diameter over bark’, ‘proportion of bark damage’ and ‘double bark thickness’.

1 Introduction

The concept of wood-based bioeconomy is gaining in 
importance and influences the management of forests for 
the purpose of reducing carbon emissions by providing both 
wood products and bioenergy. Additionally, new biomateri-
als made from wood and bark are becoming increasingly 
important for replacing fossil fuel based products, with 
steadily growing market segments. Bark, in particular, is 
very promising as its unique chemical composition allows 
for the production of various materials (Bauhus et al. 2017; 
Jansone et al. 2017). To date, bark has often been considered 
as a by-product or as a waste product from the industry. 
Moreover, there is a real need to quantify the bark thick-
ness of common tree species given that currently used bark 
thickness estimations are old. Recent studies show that bark 
thickness tends to be thinner than bark deduction values, 
which in turn means that under-bark volume estimations are 
biased (Stängle and Dormann 2018). Additionally, precise 
and accurate estimations of bark volume, dry bark mass and 
bark damage are important values for the wood-based board 

industry, as price negotiations are mostly based on stacked 
cubic meter or on dry mass and, as such, include the bark.

According to the national forest inventory  (BWI3), Scots 
pine (Pinus sylvestris, L.) is the most common tree species 
in northeastern Germany (federal states of Brandenburg 
and Berlin) and covers more than 70% of the forest area. 
Moreover, the wood of Scots pine has attractive proper-
ties for industrial utilization making this species one of the 
most commercially important tree species in Germany and 
Europe.

Therefore, the aims of this study were to quantify bark 
thickness, bark volume and bark mass of harvested Scots 
pine logs stacked at roadside. In doing so, it reflects typical 
seller-purchase negotiations occurring in the forest-wood 
supply chain.

2  Materials and methods

The dataset consisted of 50 logs, harvested during thinning 
operations, belonging to 10 different industrial wood piles 
which were dedicated to the board industry. The logs’ ori-
gin was two different forest districts next to Eberswalde, in 
the federal state of Brandenburg. Site-specific data on the 
forests’ trees such as age, diameter at breast height (DBH) 
and growth rate were obtained from the database of the for-
estry department. According to that database, the age of the 
Scots pine ranged from 47 to 107 years and DBH from 22 
to 37 cm. All logs were obtained from the upper part of 
the trees and, as no butt logs were included in the data-
set, the bark of the 150 analyzed discs was thin and flaky. 
The approximately 4 cm thick discs were cut from the 3 m 
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long logs at 30, 150 and 270 cm starting from the large 
end. The mean diameter over bark  (do.b.) of the discs was 
12.9 ± 2.1 cm. As harvesting of Scots pine is usually highly 
mechanized, bark was partly damaged by harvester’s rollers 
and/or delimbing knives during processing of the trees. The 
degree of bark damage was estimated with a measurement 
tape as the ratio of the disc circumference and the length of 
the bark damages. Double bark thickness (DBT) was calcu-
lated as the difference between  do.b. and the diameter under 
bark  (du.b.) of the wood discs. All diameters were measured 
with a precision caliper and calculated as the mean of two 
perpendicular measurements. The discs with known mass 
were immersed in a water bath and the displaced water mass 
(m) was determined in order to quantify the disc’s volume 
(V) with V = m/ρwater.

Applied water density (ρwater) was between 0.9982 and 
0.99754 as water temperature was between 20 and 23 °C. 
The proportion of fresh bark volume  (Vbark) was calculated 
as the difference between the disc’s fresh volume over bark 
 (Vo.b.) and under bark  (Vu.b.) divided by  Vo.b.:

Moisture content of all logs except one, which was 
not further analyzed, was above fiber saturation point 
(MC > 30%). Still, prior to volume and mass determination, 
all samples were soaked in water for 30 min to ensure no 
wood swelling during the measurements. Dry masses of both 
the wood  (mwood) and the bark  (mbark) were determined after 
drying the samples at 103 ± 2 °C in a laboratory drying oven 
until constant weight was reached. The proportion of the dry 
bark mass  (Mbark) was calculated as the ratio of  mbark and the 
sum of  mwood and  mbark.

Regression analysis (α = 0.05) was used to estimate the 
effect on three selected response variables: DBT,  Vbark and 
 Mbark. The following independent variables were used in the 
linear regression: ‘do.b.’, origin (‘forest district’, ‘wood pile’), 
‘stand age’, ‘DBH’, ‘degree of bark damage’ and ‘growth 
rate’. Moreover, for the response variables  Vbark and  Mbark, 
the two additional independent variables ‘degree of bark 
damage’ and ‘DBT’ were used in the model.

3  Results and discussion

The mean DBT was 3.02 ± 1.49 mm and, considering all 
analyzed discs, was not significantly affected by  do.b.. In rela-
tion to  do.b., DBT had a proportion of 2.4 ± 1.2%. Only the 
independent variable ‘forest district’ was significant (Fig. 1). 
The significance of the forest district may be strongly influ-
enced by one wood pile that showed significantly higher 
DBTs. On the site of that wood pile, oaks were the dominant 
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tree species with a proportion of 73%. On all other sites, 
Scots pine was either growing as monoculture or as the dom-
inant tree species with other tree species in understory. The 
significance of the forest district should not be generalized 
as also shown for European silver fir in southern Germany: 
geographic coordinates, elevation, temperature and precipi-
tation did not have a significant influence on the variation 
of bark thickness (Stängle and Dormann 2018). Compared 
with a study from the Czech Republic, the findings of this 
study show lower DBT. There, to estimate under bark vol-
ume of Scots pine, DBT values of 4.14 mm and 5.71 mm 
for logs with diameters from 8 to 15 cm and from 15 to 
22 cm, respectively, are used (Natov and Dvořák 2018 as 
cited in Sedmíková et al. 2020). Higher DBTs may result 
either from trees where the bark is changing from thin and 
flaky to thick, rough and scaly, or from different growing 
conditions (e.g. natural regenerations vs. planted trees). 
Thus, the effect of mixing tree species on the DBT should 
be further investigated, as the low sample size does not allow 
for generalization.

With increasing  do.b. or increasing bark damage,  Vbark 
(defined as the proportion of bark in relation to the disc’s 
volume) decreased significantly; and vice versa,  Vbark was 
positively influenced by increasing DBT. None of the other 
variables significantly affected  Vbark. In relation to the discs’ 
volume, the bark had a mean volume of 5.1 and 6.4% for 
forest districts 1 and 2, respectively (Fig. 1). The mean  Vbark 
was 5.6 ± 3.1%, which is lower than findings from Latvia 
for relative tree height between 40 and 60% with  Vbark of 
approximately 8.2% (Liepins and Liepins 2015). Another 
study estimated volumetric bark proportion for Scots pine 
industrial wood in Germany and Switzerland and reported 
a mean value of 9.1% (Dietz 1975). As the aim of this study 
was to estimate bark proportion of logs delivered to mills, 
the non-negligible bark damage of 12.0 ± 14.8% should be 
added for comparability reasons. The lower bark proportions 

Fig. 1  Bark characteristics of Scots pine. DBT as the ratio of the dou-
ble bark thickness to  do.b.,  Mbark as the ratio of dry bark mass to dry 
disc’ mass,  Vbark as the ratio of fresh bark volume to fresh disc vol-
ume
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compared to findings from other studies may further be 
explained by the examined wood assortments of small 
diameter Scots pine logs, which all had the thin, flaky and 
red–orange bark. For Scots pine, such a bark form is typical 
for the upper trunk, which is often used as industrial wood, 
whereas the wood of the lower trunk, with thick bark, is 
mostly designated to sawmills. Most studies have not consid-
ered the bark form, and, thus, their results are highly variable 
(Dietz 1975). Moreover, the bark form and bark proportion 
may change over the tree height and lowest values are found 
between 30 and 60% relative height for Scots pine (Liepins 
and Liepins 2015).

Mean  Mbark was 3.3 ± 1.4% (with 3.1 and 3.6% for forest 
districts 1 and 2, respectively, see Fig. 1) and, thus, lower 
than the findings of Dietz for German conditions with 6.3% 
(Dietz 1975). Dietz followed a similar aim, which was to find 
the wood-bark ratio for both volume and mass in order to 
provide the wood industry with an overview of bark amount 
when purchasing a given amount of wood. However, in the 
1970s, timber harvesting was not fully mechanized and, 
therefore, bark damage most probably had no effect on bark 
proportion. The model of  Vbark had a coefficient of deter-
mination  (R2) of 0.30, whereas the model of  Mbark showed 
a  R2 of 0.52 when considering the significant independent 
variables ‘do.b.’, ‘DBT’ and ‘bark damage’ (Fig. 2).

Using wood discs instead of whole logs was found to 
be highly advantageous and is recommended for further 
investigations related to accurate measurements of BDT, 
 Vbark and  Mbark under laboratory conditions. Measurements 
were taken under laboratory conditions and the true volume 
of the discs was quantified with xylometry (water immer-
sion technique). Therefore, no formulae or calculations for 
estimation of volumes had to be used. Still, such measure-
ment techniques cannot be applied during forest operations 
to check or control DBT or bark volume on selected logs. 
However, for Scots pine tree compartments with thin bark, 
measurement of DBT can neither be done with usual bark 

gauges nor with a forestry caliper, as this would not be suf-
ficiently precise. Further analyses of bark proportions with 
the described methodologies will provide the opportunity to 
accurately quantify DBT,  Vbark and  Mbark in order to revise 
estimation models, which are needed by both practical for-
estry companies and wood processing industries.

4  Conclusion

The findings regarding DBT, bark volume and bark mass 
should be further investigated and extended to cover differ-
ent forest areas, and butt logs with differing bark proportions 
should also be included. For Scots pine industrial wood with 
thin bark, DBT is small and therefore measurements should 
be as precise as possible. Economically, differences of a few 
millimeters, which easily occur as measuring errors, may 
have huge financial impacts for a forestry or wood process-
ing company. Thus, to be able to estimate correct bark pro-
portion in industrial wood stacks, the database should be 
increased in order to validate DBT,  Vbark and  Mbark. There-
with, current correction and conversion factors could be 
defined for both the forest and the wood industry.
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Fig. 2  Mbark (in %) in relation to  do.b. (in cm) considering the two for-
est districts
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