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* Low harvest volumes per tract decrease the cost-efficiency of today’s conventional logging
systems.

» Single-machine systems (SMS) like harwarders and dual machines are competitive when
harvested volumes are low, for example during harvesting in continuous cover forestry (CCF).

* As CCF grows in the Nordics, so does the need for development and commercialization of

SMS that can harvest large trees.

Low tract size (ha) and harvested volume per hectare (m? ha!) decrease the cost-efficiency of
today’s conventional Nordic harvesting systems, which generally consists of a harvester and a
forwarder. Low cost-efficiency is a problem because it reduces forest owners’ incentive to harvest
wood and manage their forests. Today’s conventional harvesting system (two-machine system;
TMS) was developed based on rotation forest management. As continuous cover forestry (CCF)
grows in the Nordics, it is necessary to develop harvesting solutions that can operate cost-efficiently
even when total removal (m? per tract) is low. Single-machine systems (SMS) require only one
machine to do all the harvesting activities; thus, SMS have only one machine-relocation cost per
tract, instead of two per tract for TMS. SMS are generally categorized as either harwarders or dual
machines, the difference being if the machine processes the logs directly onto the load space or
not. In relation to TMS, the relative competitiveness of SMS increases with decreasing tract size,
harvested volume per hectare, and/or average extraction distance. Because of site adaptation, CCF,
and ever-expanding forest road networks, the trend in Nordic forestry over the last few decades
has been that these three factors have been decreasing. CCF mainly entails thinning from above,
which generally means the harvesting of large trees. SMS exist today, but almost exclusively as
small-sized dual machines that cannot cut large trees. Thus, there is a pronounced need for com-
mercially available SMS that can fell and process large trees.
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1 Background: removal per tract is decreasing

Interest in continuous cover forestry (CCF) is growing in Nordic boreal forestry (Cedergren et
al. 2025). The growth is especially rapid in Finland; likely because a large proportion of Finnish
productive forestland is privately owned and CCF is popular among private forest owners (Luke
2025). Moreover, Swedish and Norwegian certification schemes nowadays oblige an increased use
of CCF on certified forest holdings. However, the harvested volume per hectares (m? ha™!) is typi-
cally lower during CCF compared to rotation forest management (RFM), i.e. conventional Nordic
clearcut forestry (Korpunen et al. 2025). Concurrently, average tract size (in ha) has decreased over
the last decades in Sweden (Skogsstyrelsen 2024). Meanwhile, in Finland, tract sizes increased
during 1980-2010. That said, tract sizes in Finland are relatively small, being on average only
around 500 m3 (Hénninen et al. 2011). Trends in Norway remain unclear.

Together, these trends jointly erode the cost-efficiency of today’s conventional cut-to-length
harvesting system (two-machine system; TMS) because each tract then produces less volume (m?
per tract) to spread out fixed costs upon (Kérha et al. 2007). Such fixed costs include planning
costs and especially relocation costs including the machine downtime associated with relocating.
Decreasing cost-efficiency during logging is a problem because it reduces forest owners’ incen-
tive to harvest wood, manage their forests, etc. Since the TMS was originally designed around
the principles and harvesting volumes characteristic of RFM, its application under emerging CCF
paradigms (with lower removals per tract) appears suboptimal. These trends underscore the need
to develop harvesting solutions that can operate cost-efficiently even when total removal (m3 per
tract) is low.

2 Harvesting methods in boreal CCF

Exact definitions of CCF vary among countries. In Norway and Sweden, CCF comprises three
types of harvesting methods: selection cutting, gap cutting and shelterwood cutting. Meanwhile,
in Finland, CCF comprises only selection cutting and gap cutting (Cedergren et al. 2025). During
selection cutting, the distance driven between harvested trees increases when compared to RFM
(Spinelli and Magagnotti 2013). During gap cutting (sometimes also termed patch cutting; Elias-
son et al. 2021), driving distances during extraction increase when compared to RFM. Gap cutting
entails creating mini-clearcuts; small, discrete clearcuts that are spread out in the stand, the most
extreme form of gap cutting being checkerboard cutting (Erefur 2010). These mini-clearcuts lead
to decreased roundwood removal per hectare (m3 ha™!, or more specifically m? per 100 m strip
road; generally termed log concentration) which in turn leads to longer driving distances during
extraction compared to RFM (Hildt et al. 2020). Overall, compared to clearcutting, total removal
per ha decreases during shelterwood cuttings (Eliasson et al. 1999), during gap cutting (Eliasson et
al. 2021), and during selection cutting (Jonsson 2015). This fact is a result of the above-mentioned
CCEF silvicultural systems leaving more trees in the forest after harvesting, which of course is the
essence of the CCF concept.

3 Single-machine systems (SMS)

SMS require only one machine to do all the logging activities, including cutting and terrain trans-
porting (Talbot et al. 2003). In comparison, TMS uses a harvester for the cutting and a forwarder
for the terrain transport. Thus, SMS have only one machine-relocation cost per tract, instead of
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Table 1. Costing example for single-machine systems (SMS) versus two-machine systems (TMS) on small tracts in
Sweden. In this example, the assumed relocation cost per tract per machine was €400. The logging cost was assumed
to equal the Swedish national average for clearcutting during 2023.

Machine Tract size / Volume Total relocation cost Relocation cost  Logging cost ~ Total logging cost ~ Relocation costs’

system per harvesting site  per machine system (€m3) (€Em3) including relocation share of total

(m3) € (€Em3) logging costs (%)
SMS 50 400 8 13 21 38

100 400 4 13 17 24

200 400 2 13 15 13

300 400 1.33 13 14.33 9

400 400 1 13 14 7
TMS 50 800 16 13 29 55

100 800 8 13 21 38

200 800 4 13 17 24

300 800 2.66 13 15.66 17

400 800 2 13 15 13

two machine-relocation costs per tract for TMS. In Nordic forestry, machine-relocation costs can
be a significant expense, typically averaging around 400 euros per machine per tract in Sweden
today (Table 1). As such, the total relocation cost per tract for Swedish TMS typically averages
€800, which tallies to €8 m3 if the total removal at a tract is 100 m3 (38% of total logging costs).
In comparison, that relocation cost would be €4 m=3 for SMS (24% of total logging costs): a sig-
nificant saving seeing that total harvesting costs typically average around €10 m= during final
felling in Finnish RFM, around €13 m~ in Swedish conditions, and around €18 m~3 in Norwegian
conditions. In the early 2000s, relocation costs could comprise up to 10% of total logging costs
for TMS in Finland, but a newer study by Viitéinen et al. (2021) shows that the relocation costs’
share of total Finnish logging costs has decreased during the last decade.

SMS are generally categorized as either: 1) harwarders (Fig. 1A), or ii) dual machines (also
called harvester-forwarders or combi machines; Fig. 1B), the difference being if the machine
processes the logs directly onto the load space or not. Harwarders can process the logs directly
onto the load space, which is sometimes termed direct loading (Ringdahl et al. 2012). Previous
examples of harwarders include: the Hemek harwarder (Wester and Eliasson 2003); the Pika

Fig. 1. Previous examples of large single-machine systems (LargeSMS): A) harwarder (Komatsu X19 prototype during
unloading using a loading grapple); B) dual machine (Ponsse Buffalo Dual in harvester mode). A harwarder processes
the logs directly onto the machine’s load space (termed direct loading), while a dual machine initially works as a normal

harvester and processes the logs into piles on the ground. Thereafter, the dual machine converts into a forwarder, loads
the logs from the ground, and forwards them to the landing. Photos: Rikard Lundqvist (A) and Ponsse Plc (B).
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828 (Sirén and Aaltio 2003; despite being a harwarder, the Pika 828 was unfortunately termed
harvester-forwarder in that study); the Valmet 801 Combi (Strom 2008; despite being a harwarder,
the machine was unfortunately named Combi); the Fibredrive 1750 prototype; and the Komatsu
X19 prototype (Lundqvist 2023). In contrast, a dual machine initially works as a normal harvester
and processes the logs into piles on the ground (Talbot et al. 2003). Thereafter, the dual machine
converts into a forwarder, loads the logs from the ground, and forwards them to the landing. The
foremost example of dual machines in Nordic forestry is the Ponsse Dual. The Ponsse Dual has
been frequently studied since the turn of the millennium (e.g. Talbot et al. 2003; Hallonborg et
al. 2005; Affenzeller and Stampfer 2007; Kérha et al. 2007). Notwithstanding, harwarders can
also work as dual machines if the operator chooses not to direct load. For example, Kérhé et al.
(2018) studied both the Ponsse Dual and the Valmet 801 Combi harwarder; and in that study, all
machines worked as dual machines despite unfortunately always being termed harwarders. It has
also been hypothesised that a SMS (harwarder or dual machine) could be useful in combination
with yarding (Talbot 2016).

4 Factors affecting the cost competitiveness of SMS

Because of the higher capital costs of SMS (each machine must have a bunk/load space, a grapple,
and a harvesting head), the hourly cost of SMS is higher than of standard forwarders. Thus, for
SMS to be competitive in relation to TMS, the proportion of forwarding work compared to har-
vesting work must not be too high. Thus, SMS are more competitive when extraction distances are
short (Sirén and Aaltio 2003; Karha et al. 2007). Average extraction distance in Sweden is steadily
decreasing, mainly because of an ever-expanding forest road network (Bergqvist et al. 2023). This
trend in average extraction distances is true for at least Sweden, and this trend is an advantage for
SMS’ competitiveness versus TMS. The trend is unclear in Norway, despite an ever-expanding
forest road network (Statistics Norway 2025). The trend in average extraction distances is also
unclear in Finland, despite an ever-expanding forest road network that averages 7.7 m per hectare
of forest (Védtdinen et al. 2025).

Frequent relocation of forest machines reduces machine utilization (MU), which also
increases logging costs (Talbot and Suadicani 2015). Small tracts lead to frequent relocations.
Ceteris paribus, frequent relocations decrease the MU of highly productive logging systems more
than of lesser productive systems (Bergkvist 2010). Because each relocation consumes several
machine hours on average, the more relocations, the more partial days occur (during which fixed
costs still apply; Kérha et al. 2007). With SMS, the risk of partial days is essentially halved com-
pared to TMS, assuming that the productivity rate of one SMS is half of one TMS (Ringdahl et
al. 2012). This issue remains even when small tracts are bundled into a larger tract i.e., wheeling
between tracts reduces the problem of trailer costs for small tracts, but the issue of low MU persists.

Forwarders’ loading-driving time increases drastically with decreasing roundwood removal
per hectare (Hildt et al. 2020). Because harwarders generally load the logs already during cutting,
harwarders are only to a lesser extent affected by decreasing roundwood removal per hectare.
Therefore, because of direct loading, harwarders have a relative advantage compared to TMS and
dual machines when roundwood removal per hectare is low, e.g. in CCF and especially selection
cutting. The drawback with direct loading is that unloading can be slower, especially when there
are many assortments.

Another important productivity factor is the number of assortments produced at the tract.
Compared to both TMS and dual machines, the relative competitiveness of harwarders decreases
with increasing number of assortments (Hallonborg 1998; Kérha et al. 2007). This circumstance
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Fig. 2. Examples of quick coupling technology on: A) the Komatsu X19 harwarder prototype and; B) the Fibredrive
1750 harwarder prototype. Quick coupling technology increases the competitiveness of single-machine systems (SMS)
compared to two-machine systems (TMS) by reducing the time needed to switch between harvesting heads and loading

grapples on both harwarders and dual machines. This reduction in time consumption allows for more efficient work
methods and/or raises the SMS’ machine utilization. Photos: Rikard Lundqvist (A) and Back Tomas Ersson (B).

is because of direct loading, and the impossibility of harwarder operators to choose which assort-
ments are loaded per load. Because TMS and dual machines do not use direct loading, operators
of TMS and dual machines can choose which assortments are forwarded per payload. The main
disadvantage of direct loading was previously thought to be mitigated, for example, by dividing
the load space into multiple, flexible compartments; however, this technical solution has at times
shown to be impractical during processing (Jonsson et al. 2020).

Today, there exists multiple solutions for quick coupling grapples and harvester heads onto
forestry cranes/boom-tips (Fig. 2). Quick coupling technology increases the competitiveness of
SMS compared to TMS by reducing the time needed to switch between harvesting heads and load-
ing grapples on both harwarders and dual machines. This reduction in time consumption allows for
more efficient work methods and/or raises the SMS’ machine utilization. Previously, there existed
combined harvesting-grapple heads (Bergkvist et al. 2002), but they have been shown to be inef-
ficient, especially during unloading (Jylha et al. 2006). Quick coupling is now so widespread that
it most certainly will become standard technology in future SMS. This technological development
makes the MU-values from older SMS studies less relevant today.

Since about the turn of the millennium, harwarders have been using rotatable and tiltable
load spaces/bunks (Fig. 3). These types of bunks allow for efficient direct loading, energy-efficient

Fig. 3. Rotatable and tiltable load spaces/bunks on previous SMS (Valmet 801 Combi harwarder and Fibredrive 1750).
These types of bunks allow for efficient direct loading, efficient unloading, and semi-automation on SMS. Photos:
Skogforsk (A) and Back Tomas Ersson (B).
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loading (Dong et al. 2019), efficient unloading (Jonsson et al. 2016), and semi-automation on SMS
(Manner et al. 2019). Disadvantages of rotatable and tiltable bunks are higher capital costs, higher
center of mass, slightly lower load capacity, slightly wider strip road requirements during thinning,
more complicated maintenance, and higher risk of mechanical failure (Jonsson et al. 2020). Nev-
ertheless, because rotatable and tiltable load spaces facilitate efficient direct loading, these bunk
types are an essential technical innovation for cost-competitive harwarders.

5 The need for large SMS

CCF is growing in Nordic forestry, and CCF often entails thinning from above, which generally
means the harvesting of large trees (Korpunen et al. 2025). Thus, forest machines in CCF must be
large and strong enough to fell and process large trees >1 m? in piece size.

SMS exist today, but almost exclusively as small-sized dual machines. Examples are Vimek
Duo, Terri 3CW, Malwa 560C Kombi, Jarcrac Magnapro Dual and Alstor 850 Kombi (Boson
2025). We hereafter term these types of SMS machines “SmallSMS”. SmallSMS cannot fell
large trees, which disqualifies today’s commercially available SmallSMS from being widely used
during harvesting in Nordic boreal CCF stands. There is thus a pronounced need for commer-
cially available SMS that can fell and process large trees without damaging the remaining stand
(i.e. large single-machine systems, “LargeSMS”). Up until 2021, Ponsse manufactured two large
dual machines (Wisent Dual and Buffalo Dual), but a low demand at that point in time lead to its
discontinuation. However, the adoption of CCF in Nordic boreal forests has grown substantially
since 2021, so we postulate that there might already be, and will continue to be, a strong enough
demand for LargeSMS in Nordic forestry to warrant their commercialization and reintroduction
(Boson 2025).

6 Conclusions

Because CCF involves lower total removals per tract compared to RFM, an increased share of CCF
harvesting in the Nordics will most likely challenge the cost-efficiency of TMS. However, today’s
commercially available SMS (SmallSMS) cannot harvest large trees (>1 m? piece size), which is
a necessity in CCF. Large forest machines are also necessary to avoid damaging remaining trees
when working with the crane extended. There is thus a need for large-sized SMS (LargeSMS).
Future studies on SMS should focus on simulating alternative harvesting systems during CCF and
conducting time studies on existing second-hand LargeSMS (e.g. Ponsse Dual) in CCF stands
for improved quality of SMS modelling and input data. Nevertheless, with the rise of CCF, we
postulate that there might already be a strong enough demand for LargeSMS in Nordic forestry to
warrant their commercialization.
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