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Abstract

Harvest from plantations can provide both industrial wood and forest residues for bioenergy,
including stumps. The literature suggests that the choice of cutting system can affect the divi-
sion between industrial wood recovery and remaining stump volume. In this study, two
felling techniques - motor-manual chainsaw and feller-buncher, were compared based on
stump-height-related timber value loss for four ground slope classes: high, medium, low, and
flat. The economic value loss of wood material for three products - sawlogs, pulpwood, and
fiber-chip wood, was determined based on the estimated volume of stumps left in the woods.
The results indicated that the average stump height for the motor-manual chainsaw and feller-
buncher was 17.16 cm and 8.69 cm. The economic value loss of wood material per stump was
higher in felling by manual chainsaw as compared to the feller-buncher operation (log: €0.601,
paper wood: €0.291, fiber-chip: €0.151). However, volume loss due to high stumps could
contribute to wood for bioenergy if stumps are subsequently removed. Additional research is
needed to evaluate the benefits and costs of stump remouval for bioenergy as part of a total sup-
ply chain to provide both industrial wood and wood for bioenergy.
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1. Introduction

Due to the global climate change crisis, energy de-
mands in developed and developing countries have
shifted to renewable sources as they emit less CO, than
fossil fuels. Due to the gas shortage in the 1970s, re-
newable energy research has emerged in the world.
With more than 20 years of experience in renewable
energy research, economic and environmental impacts
of fossil fuels have been discussed with interconnected
challenges in demographic, ergonomic, ecological and
social aspects (Koh and Ghazoul 2008).

Wood-based renewable sources have been broadly
studied as an alternative energy source. Recent inves-
tigations identify limits to biomass utilization due to
land availability for various human needs, particu-
larly agriculture (Reid et al. 2020). Even though wood-
based biomass utilization cannot fully meet the global
renewable energy needs, it still seems a promising
alternative for the future (Lauri et al. 2014). According
to the international global climate change agreements

and acts, many countries, including Turkey, seek and
promote alternative energy sources to fossil fuels (EU
2018). Turkey’s renewable energy production capacity
has increased 2.56 times between 2010 and 2019
(IRENE 2020). However, in Turkey, wood-based en-
ergy production has still the lowest share of renewable
energy. Considering the policy of the 11" development
plans in Turkey, the production rates of renewable
energy sources is planned to increase by 2023 (Goriicii
etal. 2020, TDP 2019). Thus, employing suitable forest
harvesting equipment plays an important role in
wood-based biomass production in terms of both sus-
tainability and productivity.

Tree felling is the first stage in forest harvesting
operations, and it is considered as one of the most dif-
ficult and dangerous tasks, which requires skill and
good judgment. Felling is mainly carried out by mo-
tor-manual chainsaw or by fully mechanized felling
machines using a harvester or feller-buncher (Tunay
and Melemez 2005, Bilici et al. 2019). In motor-manu-
al tree felling, an undercut and back cut is performed
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by using a chainsaw. In mechanized harvesting op-
erations, feller-bunchers use hydraulic cutting heads
to cut and lift trees, and then use hydraulic arms to
place them on the ground.

In Turkey, the chainsaw is commonly used for fell-
ing, delimbing, bucking, and debarking of trees. Re-
cently, the feller-buncher has been introduced in north-
western Turkey, primarily for clear-cut operations in
Brutian pine (Pinus brutia Ten.) stands (Bilici et al.
2019). In felling operations, chainsaw felling is not lim-
ited by ground slope, soil conditions, and tree size,
while the feller-buncher is usually limited by these fac-
tors. In addition, working with feller-bunchers on a
rocky surface may damage the tracks, cutting saw and
discs of the feller-buncher (Han and Renzie 2005).

As wood-based biomass is in a leading position
among other sources of renewable energy (Lauri et al.
2014), forest harvesting operations are potentially the
main source of material. However, utilization of
wood-based biomass is not at the expected level due
to management challenges and some practices in for-
est harvesting operations (Matthews et al. 2014). Dur-
ing the extraction of both below- and above-ground
biomass from forestlands, some utilizable parts of the
tress are not being harvested and are left in the woods.
For example, after the tree felling operations, stumps
are mostly left in the woods in many countries, includ-
ing Turkey. In addition to ensuring the desired felling
direction, the height of the stump left in the woods
should also be controlled (Akay et al. 2006). The stump
height remaining in the forest should be as low as pos-
sible as it plays an important role in the amount of
wood-based biomass (Diaz-Yanez et al. 2013).

Leaving high stumps, which leads to a lower
amount of wood material being recovered, can result
in considerable timber value and volume loss. The
height of the stump varies depending on several fac-
tors such as ground slope, tree felling technique, and
operator experience. The stump-height-related value
loss is mostly affected by the forest harvesting tools,
environmental conditions, and human factors
(Ramantswana et al. 2017). Boston and Dysart (2000)
investigated the possible value losses due to stump
heights considering a range of feller-buncher heads
and manual felling. It was reported that motor-manu-
al felling resulted in the highest stump height. Han
and Renzie (2005) studied the effect of ground slope
and stump diameter on the stump height for motor-
manual felling technique using chainsaw and feller-
bunchers. It was observed that average stump heights
increased up to a ground slope of 45% for both felling
techniques. In a similar study, the mean measured
stump height from motor-manual felling was 8.8 cm

higher than that of mechanized felling (Hall and Han
2006).

In the present study, the stump height and poten-
tial value loss were investigated for motor-manual
chainsaw and feller-buncher. Since mechanized felling
using a feller-buncher has been recently introduced to
forestry operations in Turkey, there have been no stud-
ies conducted on the determination of stump height
for feller-buncher operations. The effect of ground
slope on the stump height was also examined for the
two felling methods. Finally, the importance of stump
height and roots in stump sites were evaluated consid-
ering bioenergy production and resin extraction.

2. Materials and Methods
2.1 Study Area

The study was implemented in two Brutian pine
stands, one located in the northwestern city of
Canakkale and the other in eastern Mediterranean city
of Kahramanmaras in Turkey. The tree felling was per-
formed by a feller-buncher in Lapseki Forest Enterprise
Chief (FEC) located in Canakkale, while motor-man-
ual tree felling by chainsaw was conducted in
Cmarpinar FEC located in Kahramanmaras (Fig. 1).
The average ground slopes of these two study sites
were 38% and 37%, respectively. Both felling tech-
niques were performed in Brutian pine stands with
similar characteristics. According to the statistical data
of General Directorate of Forestry (GDF), the total vol-
ume and distribution area of Brutian pine is estimated
as 305,581,835 m’ (88.6 m’ ha™) and 3,450,000 ha, re-
spectively, in Turkey (GDF 2018).
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Fig. 1 Geo-location and general overview of study area
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2.2 Field Study

In the study site located in Canakkale, tree felling
was carried out with a 2015 model WoodCracker C450
brand feller-buncher. A Stihl MS 381 chainsaw was
used in the second site located in Kahramanmaras. In
both sites, cutting operations were carried out by op-
erators with at least one year of work experience. The
study paid attention to factors such as similarity in aver-
age slope, tree size and log diameter in both study sites.
During the fieldwork, stump diameter, stump height,
and terrain slope were measured using calipers, steel-
tape, and clinometer, and were recorded into data
sheets (Fig. 2). The stump height was measured from
both uphill and downhill sides and then the average
value of both measurements was used in the study.

2.3 Analysis of Stump Height and Timber
Value Loss

In each study site, the stump data were collected
from 120 randomly selected Brutian pine trees. Within
the scope of statistical analysis, the mean of stump
data (i.e. diameter, height, volume, and slope) was first
calculated using the SPSS program. First, to compare
with obtained values from the two different fields (i.e.
the slope, stump height, stump diameter and stump
volume), Paired-Samples t-test was applied. Then, the
effect of slope classes on stump height was examined
with a 95% confidence level using One-Way ANOVA
and Duncan Multiple Comparison Test. In order to
examine the effect of ground slope on stump height,
the slopes were divided into classes specified by
IUFRO slope classification (i.e. steep >50%, high
34-50%, medium 21-33%, low 11-20%, flat <0-10%).
However, in the present study, steep terrain was not
available in the study sites; therefore, 30 sample trees
were measured from four slope classes including high,
medium, low and flat. Finally, the correlations among
diameter, height, volume and slope were investigated
using a Pearson correlation test.

Fig. 2 Sample stumps cut with feller-buncher (left) and with chain-
saw (right)

In order to compare the two felling techniques in
terms of timber value loss, the economic value of each
stump was computed by multiplying volume of the
stump with the average unit sale price of the wood in
the most recent auctions. Considering the shape of the
Brutian pine stump, the volume of the stump was
computed based on cylinder formula using Eq. 1
(Cailliez 1980).

V=rxaxh 1)

Where:

V' volume of stump, m’

v top radius of stump, m
h  height of stump, m

Depending on the field observations, it was esti-
mated that the wood quality grade of the stump was
similar to grade 3 wood with the normal length for
three forest products (i.e. sawlog, pulpwood, and fi-
ber-chip wood) produced in both study sites. Accord-
ing to the economic data obtained from the Forest
Enterprise Directorates, the most recent unit sale price
for sawlog, pulpwood, and fiber-chip wood was esti-
mated as €67.66, €32.47, and €17.00 per m’, respec-
tively (1 Turkish Lira = 0.17 Euro obtained from the
Central Bank of Turkey at the time of study).

3. Results and Discussion

3.1 Comparison of Stump Height

The results of f-test showed that there was a sig-
nificant difference (p<0.01) between collected values
(i.e. the slope, stump height, stump diameter and
stump volume) from the two different sites. For the
feller-buncher study, the average stump data of diam-
eter, height, volume, and slope were computed as
39.79 cm, 8.69 cm, 0.01 m®, and 22%, respectively. For the
chainsaw study, the average stump data was 36.50 cm,
17.16 cm, 0.02 m®, and 22%, respectively. Thus, the av-
erage stump height at the chainsaw study was higher
by 8.47 cm compared to the feller-buncher site study.
The difference in stump heights corresponded closely
to a similar study by Hall and Han (2006), who re-
ported that the average stump height of the trees cut
by feller-buncher was 8.8 cm lower compared to chain-
saw.

The results of the One-Way ANOVA and Duncan
Multiple Comparison Test run for feller-buncher and
chainsaw felling techniques are presented in Table 1.
The statistical data demonstrated that slope classes
had a significant effect (p<0.00) on stump height for
both felling techniques. For the feller-buncher, the av-
erage stump height increased from flat to low,
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Table 1 One-Way ANOVA analysis results and Duncan’s multiple
comparison test for stump height

Number of | Mean=Std. | Duncan
Slope classes .
samples | deviation | test
Flat (0-10%) 30 2571141 A
Feller-buncher Low (1 1—20%) 30 6.67+1.47 B
p=0.00<0.05 | Medium (21-33%) | 30  |10.10=1.92| C
High (34-50%) 30 15.43+168| D
All classes 120 8.69+4.99 -
Flat (0-10%) 30 1217126 A
Low (11-20%) 30 18.10+1.67 B
Chainsaw -
Medium (21-33%) 30 2057+145| C
p=0.00<0.05

High (34-50%) 30 17.80+293| B
All classes 120 17.16+363| -

medium, and high slope classes. The flat class (0-10%)
showed the lowest impact on the stump height (2.57 cm),
while the high slope class (34-50%) showed the high-
est impact on the stump height (15.43 cm). Han and
Renzi (2005) also indicated that feller-bunchers pro-
duced lower stump height than chainsaws at less than
30% slope.

The average stump height for chainsaw felling in-
creased from the flat slope class to low, high, and me-

dium slope classes. The medium slope classes (21-33%)
had the highest impact on stump height (20.57 cm),
while the flat slope class had the lowest impact on
stump height (12.17 cm). The results of the present
study indicated similarities with related research. For
example, Han and Renzi (2005) also reported that the
average stump heights in chainsaw technique tended
to decrease at slopes higher than 45%.

The distributions of stump height, diameter, vol-
ume and slope classes are shown in Fig. 3 with bar
and line graphs. The scatter plots shown in the lower
left corner of the figure represent the relationships
between the variables. According to the correlation
test for the feller-buncher, there was a strong positive
correlation between stump height and slope classes
(r=0.95), and stump volume and slope classes (r=0.59).
Besides, there was a strong positive correlation be-
tween stump height and slope classes (r=0.56), and
stump DBH and stump volume (=0.31). On the other
hand, there was a strong negative correlation between
slope classes and stump DBH (r=-0.40), and stump
height and stump DBH (r=-0.47). The correlation test
for chainsaw indicated that there was a strong posi-
tive correlation between stump height and slope
classes (r=0.60), stump volume and stump height
(r=0.39), and stump volume and stump DBH (=0.89)
(Fig. 4).

The results indicated that the stump height and
stump volume increased as the slope increased for the
feller-buncher, while they decreased as the slope
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Fig. 3 Results of correlation tests for feller-buncher and linear relation plots of variables
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Fig. 4 Results of correlation tests for chainsaw and linear plot of variables

increased for the chainsaw (Fig. 5). Similarly, Han and
Renzi (2005) reported that there were no significant
differences between the stump heights of both felling
techniques (p>0.05) at a slope of 2 to 17.5%. At a slope
of 20 to 28.5%, the average stump height of the trees
cut by the chainsaw was significantly higher com-
pared to the feller-buncher (p<0.0066).
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Fig. 5 Stump height as a function of slope between two felling
methods. Data fit with a quadratic polynomial

3.2 Estimating Timber Value Loss

Based on the volume of the stump and the average
unit sale price of the wood, the economic value of each
stump was computed for both felling techniques. For
the feller-buncher, the total value loss for the 120
Brutian pine trees based on the stump volume was
calculated as €82.85, €39.76, and €20.82 for sawlog,
pulpwood, and fiber-chip wood, respectively. On the
other hand, for chainsaw felling, the total value loss
was calculated as €155.03, €74.40, and €38.95 for these
three forest products, respectively. Therefore, the total
value loss from the stumps of 120 Brutian pine trees
cut by a chainsaw was €72.18 (€0.60 per stump), €34.64
(€0.29 per stump), and €18.14 (€0.15 per stump) high-
er compared to feller-buncher for sawlog, pulpwood,
and fiber-chip wood, respectively.

Hall and Han (2006) reported that the chainsaw
felling had value losses of €0.29 and €0.19 higher com-
pared to the feller-buncher for sawlog and pulpwood
recovered per stump, respectively. In a similar study,
Boston and Dysart (2000) stated that chainsaw felling
significantly reduced the value of the logs recovered
compared to the feller-buncher, the difference being
approximately 600 €/ha in their study. In Turkey, the
average Brutian pine stand is approximately 900 trees/ha
(GDF 2018). For 900 trees/ha, after chainsaw felling and
feller-buncher felling, the post-harvest stump volume
is 18 m’/ha and 9 m’/ha in forest, respectively. If the
remaining stump volume after chainsaw felling is con-
verted into value using the sawlog, pulpwood, and
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fiber-chip wood sale prices, 1218 €/ha, 584 €/ha, and
306 €/hais left in the forest. The feller-buncher left only
one-half of the value compared to the chainsaw.

3.3 Assessment of Stumps for Bioenergy

In Turkey, research on below- and above-ground
biomass still requires additional research, including
harvesting costs and the net energy productivity of
Brutian pine trees. Considering the current technology
and machinery in Turkey, recovery of stumps in high
forests can be challenged due to the impact of harvest-
ing efficiency and cost based on the net energy of the
study area. The loading and unloading costs of trucks,
transportation and other processing machinery re-
quire further study. Lindholm et al. (2010) found that
the net energy benefit generated by tree stumps is very
low. However, this result may be different for Brutian
pine tree stumps, which have a high volatile content
and have huge potential uses in bioenergy or resins
(Giiler 2019, Onal and Ferah 1986). Due to the lack of
a comprehensive tree stump harvesting efficiency and
cost analysis, we can only speculate at this time. There-
fore, there is an urgent need to propose a measure-
ment system (i.e. model-based estimates) and site-
specific stump harvest management procedures
(Palander et al. 2009).

Harvesting of stumps and roots is usually carried
out in industrial forest plantations managed by the
General Directorate of Turkish Forestry. In Turkey, the
possible equipment for stump removal operations are
excavators, or dozers for stump removal, tractors with
cable crane for pulling and skidding, loaders for load-
ing to truck, and trucks for transport to mills, plants,
or depots. Stump removal stages are divided into two
main processes 1) lifting, splitting, piling, filling and
moving and 2) extraction from stump site to landing
site.

Currently, the cost of stump logging using existing
tools is expensive. According to interviews with con-
tractors, stumps and roots can be purchased at a unit
price of approximately 1.17 €/ton (excluding VAT). In
addition, suppliers and contractors stated that the total
cost of extraction and transportation of fresh Brutian
pine stumps and roots is between 42.44 €/ton for short
distance and 76.40 €/ton for distances greater than
100 km.

An energy plant with an installed capacity of 16 MW
requires 400-500 tons of fresh Brutian pine stumps
and roots per day. According to the data of an average
of 900 trees/ha with a range of ground slope of the
Brutian pine in forest plantation areas, the stump vol-
umes of the trees felled by the feller-buncher and
chainsaw are 5.2 ton/ha and 9.5 ton/ha, respectively.

For bioenergy purposes, the stumps from chainsaw
felling are more profitable than feller-buncher felling
activities in low- and medium ground slopes (Table 1).
However, the opportunity cost for industrial use of
stumps is currently higher than the use of stumps to
bioenergy. The stump harvesting effect on soils is an
issue that needs long term studies on short and long
term environmental effects (Persson and Egnell 2018,
Walmsley and Godbold 2010). Hence, the balance of
positives and negatives of tree stump recovery for bio-
energy is uncertain for Brutian pine. Industrial saw-
logs, pulpwood, and fiber-chip wood instead of bio-
energy are still considered preferable to stump
harvesting.

4. Conclusion

In this study, two different felling techniques, fell-
er-buncher (mechanized) and chainsaw (motor-man-
ual) techniques, were compared based on stump
height and timber value loss with respect to ground
slope classes (i.e. high, medium, low, and flat). The
findings indicated that the average stump height of the
trees cut with chainsaw were 50% higher compared to
the stump height using feller-buncher. It was found
out that the stump height, and stump volume for the
feller-buncher were directly proportional to the slope,
while they decreased as the slope increased for the
chainsaw. When the slope exceeded 33%, the produc-
tivity of the mechanized felling decreased since the
stump height of the trees cut by feller-buncher consid-
erably increased in the field. On the other hand, chain-
saw had the most productive felling performance after
33% slope. The current stump utilization for heating
energy can be considered as an alternative use in for-
estry. However, many knowledge gaps remain about
stump removal operations in Turkey. Calculated re-
covery value of stumps for bioenergy is currently very
low when compared to feller-buncher for sawlog,
pulpwood, and fiber-chip wood. As a result, the felling
operation with the feller-buncher yielded more indus-
trial wood compared to chainsaw felling. Therefore,
mechanical harvesting equipment should be used for
effective timber production, especially in forest areas
with favorable ground slopes. At the same time, in-
creasing the use of mechanical harvesting equipment
in Turkish forest management can help prevent vol-
ume loss caused by leaving high stumps.
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