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Abstract 
This report presents the results of a 1997 study of clearcutting with the protection of small merchantable stems (stems 
10 and 12 cm in DBH). FERIC compared three full-tree work methods and a cut-to-length method that included the 
protection of small stems. A conventional clearcut with protection of regeneration and soils was assessed with both 
systems to serve as a basis for comparison. Data on the levels of productivity, protection of regeneration, and soil 
disturbance are reported. 

 

Preface 
Most softwood stands in the boreal forest are stocked with some proportion of stems with marginally merchantable 
dimensions (10 and 12 cm in DBH). These stems, which could contribute significantly to the volume of the future stand, 
are expensive to harvest, decrease the efficiency of lumber production, and add little to the total volume of the current 
harvest. Some forestry companies have thus shown interest in developing a method of harvesting, based on conventional 
clearcutting with protection of regeneration and soils, in which stems of 10 and 12 cm in DBH are also protected during 
harvesting. In 1997, FERIC studied various clearcutting methods based on the protection of small merchantable stems in 
full-tree and cut-to-length harvesting operations. The study was performed in collaboration with Boisaco, Inc. (Sacré-
Cœur, Quebec). 
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Summary 
Most softwood stands in the boreal forest are stocked 
with some proportion of stems of marginally mer-
chantable dimensions, which could contribute signifi-
cantly to the volume of the future stand. However, these 
stems are expensive to harvest, decrease the efficiency 
of lumber production, and add little to the total volume 
of the current harvest. Some forestry companies have 
thus shown interest in developing a method of har-
vesting in which stems of 10 and 12 cm in DBH are 
protected during harvesting. In 1997, FERIC studied 
various clearcutting methods designed to protect small 
merchantable stems in full-tree and cut-to-length har-
vesting operations. 

For the full-tree system, FERIC’s study compared a 
conventional method of clearcutting with protection of 
regeneration and soils and three methods of clearcutting 
with protection of small merchantable stems: a tradi-
tional “back and forth” travel pattern (“one-in-one”), a 
“two-in-one” method based on the creation of secondary 
trails by the feller-buncher that combined the trees from 

two felling corridors in a single extraction trail, and a 
“three-in-one” approach in which trees from three 
felling corridors were bunched in the shape of an 
arrowhead in a single extraction trail. For the cut-to-
length system, FERIC compared clearcutting with 
protection of small merchantable stems based on a 
traditional trail pattern with the work being performed 
in a nearby conventional clearcut. 

The productivities of the feller-buncher and the cable 
skidder during FERIC’s study of the full-tree operations 
are presented in Table S-1. The productivities of the 
single-grip harvester and the forwarder during FERIC’s 
study of the cut-to-length operations are presented in 
Table S-2. 

Figure S-1 illustrates the density of small residual 
merchantable stems in the full-tree operations before 
and after harvesting for the one-in-one and two-in-one 
methods of clearcutting with protection of small 
merchantable stems. 

 

 

Table S-1. Summary of productivity observations for the feller-buncher and the cable skidder 
(average extraction distance standardized at 150 m) 

Protection of small merchantable stems  

One-in-one Two-in-one Three-in-one 

Protection of 
regeneration 

and soils 
Feller-buncher     

Average volume per harvested stem (m³/stem) 0.119 0.116 0.119 0.106 
Productivity (stems/PMH) 195 190 184 236 
Productivity (m³/PMH) 23.2 22.0 21.9 25.0 
Direct cost ($/m³) 4.76 5.02 5.05 4.42 

Cable skidder     
Volume per trip (m³) 4.83 4.64 3.97 u.a. 
Productivity (m³/PMH) 25.4 26.5 22.3 u.a. 
Direct cost ($/m³) 3.41 3.27 3.88 u.a. 

 

 

Table S-2. Summary of productivity observations for the single-grip harvester and the 
forwarder (average extraction distance standardized at 150 m) 

Method  
Protection of small 
merchantable stems 

Protection of  
regeneration and soils 

Harvester   
Average volume per harvested stem (m³/stem) 0.157 0.134 
Productivity (stems/PMH) 87 96 
Productivity (m³/PMH) 13.7 12.9 
Direct cost ($/m³) 8.51 9.04 

Forwarder   
Weighted productivity (m³/PMH) 11.5 11.8 
Direct cost ($/m³) 7.31 7.13 
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Figure S-2 presents the results for the density of stems 4 
to 12 cm in DBH in the cut-to-length operations before 
and after clearcutting with protection of small merchant-
able stems and with protection of regeneration and soils. 
 

Figure S-1. Density of small merchantable stems 
(10 to 12 cm in DBH) before and after harvesting 

with the full-tree system. 
 

Figure S-2. Density of stems 4 to 12 cm in DBH 
before and after harvesting with the  

cut-to-length system. 

The two-in-one method improved protection of the site, 
since the extraction trails occupied only 20% of the site 
(versus 26.8% with the one-in-one method). The 
degrees of soil disturbance were comparable between 
the two methods, with very little severe disturbance and 
some moderate disturbance. In the cut-to-length opera-
tion, the extraction trails for clearcutting with protection 
of small merchantable stems occupied 18.4% of the site, 
versus 22.7% with protection of regeneration and soils. 
Soil disturbance was comparable between the two 
methods. There was no severe disturbance and little 
moderate disturbance. 

In the full-tree operation, the one-in-one and two-in-one 
methods had direct costs of $8.17/m3 and $8.29/m³, 
respectively. The three-in-one method did not provide 
effective protection of the small merchantable stems nor 
an operational level of productivity during the cable 
skidding phase. At a cost equivalent to that of the one-
in-one method, the two-in-one technique provided better 
protection of the small merchantable stems, a greater 
proportion of the site left undisturbed after extraction, 
and soil protection equivalent to that provided by the 
one-in-one method. In addition, it increased extraction 
efficiency. 

The limited duration of this initial study did not permit a 
definitive evaluation of the direct impact on the relative 
costs of clearcutting with protection of small merchant-
able stems versus traditional protection of regeneration 
and soils. The results suggest that the feller-buncher was 
slowed by the operator’s need to protect the small mer-
chantable stems, and that productivity decreased despite 
a larger average volume per stem. In contrast, the 
skidder benefited from the larger piles, particularly with 
the two-in-one method. 

In the cut-to-length operation, the total direct system 
costs (felling plus forwarding) of clearcutting with pro-
tection of small merchantable stems and with protection 
of regeneration and soils were estimated at $15.82/m3 
and $16.17/m³, respectively, under the study conditions; 
this represents a cost difference of $0.35/m³ in favor  
of the approach with protection of small merchantable 
stems. This difference was attributable to the larger 
average stem volume harvested in the latter operation. 

The low mechanical availability of the single-grip 
harvester, the low stand density, and the inexperience of 
the forwarder operator in this initial study prevented a 
definitive evaluation of the cost impact in an operation 
based on clearcutting with protection of small merchant-
able stems versus traditional protection of regeneration 
and soils. It was clear that the felling and processing 
productivity (in stems/hour) was lower in clearcutting 
with protection of small merchantable stems because of 
the attention the operator paid to the protection of stems 
10 to 12 cm in DBH. In contrast, the average volume 
per harvested stem would be higher than in operations 
with protection of regeneration and soils. 
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Introduction 
Most softwood stands in the boreal forest are stocked 
with some proportion of stems with marginally 
merchantable dimensions (10 and 12 cm in DBH), 
particularly in stands with irregular or tiered structures. 
The small stems, which could contribute significantly to 
the volume of the future stand, are expensive to harvest, 
decrease the efficiency of lumber production, and add 
little to the total volume of the current harvest. Thus, 
some forestry companies have shown interest in 
developing a harvesting method, based on clearcutting 
with protection of regeneration and soils, in which 
stems of 10 and 12 cm in DBH are also protected during 
harvesting. 

In 1997, FERIC studied various clearcutting methods 
designed to protect small merchantable stems in full-
tree and cut-to-length operations. The study was 
performed in collaboration with Boisaco, Inc. (Sacré-
Cœur, Quebec). The objectives of the study were to: 

• evaluate the harvesting costs with the various 
approaches, 

• identify factors that would permit optimization of 
the productivity and efficiency of the equipment 
used, 

• determine which methods were preferable for 
clearcutting with protection of small merchantable 
stems, and 

• evaluate the impact of the methods on soils and 
regeneration. 

 

Methods: Full-tree 
Harvesting 
The first study was conducted in a full-tree harvesting 
operation in the Sacré-Cœur area in July 1997. A 
Timberjack 618 feller-buncher, two Timberjack 450 
cable skidders, and a John Deere 640 cable skidder were 
used. 

In addition to the traditional method of clearcutting with 
protection of regeneration and soils, three modified 
methods designed to protect small merchantable stems 
were tried. In each of the latter clearcuts, the operator 
paid particular attention to the protection of small 
merchantable stems (10 and 12 cm in DBH). This 
required more careful control of the felling head’s 
movements and careful selection of locations for 
bunching the stems (Figure 1). 

One-in-one Method 
The one-in-one method followed the travel strategy 
currently in use on Boisaco, Inc.’s operations. This 
method simply involved maximizing the spacing 
between trails by using the full reach of the feller-
buncher’s boom as much as possible. The feller-buncher 

traveled in a conventional pattern, with entry into the 
stand along one corridor and return along an adjacent 
corridor. 

Figure 1. A felling corridor in the full-tree clearcut 
with protection of small merchantable stems. 

Two-in-one Method with 
Secondary Trails 
This method uses an approach based on cutting an entry 
into the stand and returning in a parallel corridor, as in 
the one-in-one method, but the operator increases the 
width of the harvested corridor by creating lateral 
secondary trails (Figure 2). To create these trails, the 
feller-buncher turns to one side (often by pivoting while 
leaning on the felling head) and moves closer to the cut 
face that the operator can’t reach from the primary trail. 
The depth of these secondary trails varies, but usually 
corresponds to about one machine length. The spacing 
between the secondary trails equals roughly twice the 
reach of the feller-buncher’s boom. All the harvested 
stems are bunched along the primary trail. 

Figure 2. Diagram of the two-in-one approach,  
with secondary trails. 
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Figure 3. Bunches of trees piled in an arrowhead (three-in-one) shape. 
 

“Arrowhead” Method  
(three-in-one) 
The principle behind this method consists of bunching 
stems from three felling corridors in the shape of an 
arrowhead (Figure 3) within a single central trail 
(Plamondon 1995). The trees from the central corridor 
are felled first as the feller-buncher travels towards the 
road, placing wood behind it (Figure 3a) and leaving an 
uncut strip equivalent in width to a single corridor. The 
operator then returns towards the back of the block 
while cutting the leave strip and bunches the new stems 
so that their crowns rest on the crowns of the bunches in 
the first (central) corridor (Figure 3b). The feller-
buncher concludes the pattern by returning to roadside 
along the same trail, then re-entering the block, felling 
the trees in a third and final corridor adjacent to the 
central corridor and depositing their crowns on the 
crowns in the bunches in the central trail (Figure 3c). 
The operator then recommences the pattern from the 
back of the block. The cable skidder travels only in the 
central corridor, though it may branch out slightly to 
load the outermost bunches (the “barbs” of the arrow-
head). 

 

Methods: Cut-to-length 
Operation 
The second clearcutting operation designed to protect 
small merchantable stems was a cut-to-length system 
working north of Labrieville (Que.) in November 1997. 
A John Deere 690ELC single-grip harvester, equipped 
with a Silvatec 555 head, and a six-wheeled Rottne 

Rapid 12-tonne forwarder were used in this trial. In 
addition to the clearcut with protection of small 
merchantable stems, which followed the traditional trail 
layout, FERIC also observed a nearby operation with 
protection of regeneration and soils that served as the 
basis for comparison. In both cases, the operator tried to 
maximize the spacing between trails by using the full 
reach of the single-grip harvester’s boom as much as 
possible (Figure 4). 

Figure 4. A felling corridor in the cut-to-length 
clearcut with protection of small  

merchantable stems. 

Study Methods 
In the full-tree operation, the three clearcutting methods 
with protection of small merchantable stems and the 
method with protection of regeneration and soils were 
studied in four adjacent blocks with typical terrain for 
the region. However, drainage was somewhat poorer in 
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the block harvested using the one-in-one method. Block 
size ranged from 1 to 2 ha, and each block was around 
250 m deep. A pretreatment cruise was performed 
(Table 1). 

In the cut-to-length operation, both types of harvesting 
were studied on favorable terrain in two adjacent blocks 
with depths of around 100 m. The blocks with pro-
tection of small merchantable stems and with protection 
of regeneration and soils had areas of 2.4 and 2.0 ha, 
respectively. A pretreatment cruise was performed 
(Table 1), but unlike in the full-tree study, some of the 
small unmerchantable trees (10 and 12 cm in DBH) 
were marked to help the operator get used to this new 
work method. 

Detailed time studies were performed for the full-tree or 
cut-to-length system in each block. Samples of trees or 
logs were scaled in each method, either in the stand 
(before extraction) or at roadside, so as to determine the 
average volume per log, per stem, and per bunch. 

A post-harvest soil-disturbance survey was performed 
using a network of systematically distributed 4-m² 
sample plots, and the coverage by each class of soil 
disturbance (Appendix 1) was recorded. To evaluate the 
impact of the various harvesting techniques on the small 
merchantable stems, a post-harvest cruise was also 
performed. The sampling used 400-m² sample plots to 
count all stems of at least 4 cm in DBH. In addition, 
eight 4-m² sample plots were distributed within each 
400-m² plot to permit an evaluation of the stocking and 
density of the softwood regeneration. 

The direct costs were determined by dividing the hourly 
costs of the machines (estimated using FERIC’s stand-
ard method and the assumptions in Appendix 2) by the 
productivity in m³/PMH. 

Results: Productivity and 
Costs 
Full-tree Harvesting 

Felling and Bunching 
The feller-buncher’s productivity in each of the four 
methods FERIC studied is presented in Table 2. A 
breakdown of the time elements of the felling cycle 
appears in Table 3. 

The productivities of the three methods of protecting 
small merchantable stems were comparable. A short 
time study in the operation with protection of 
regeneration and soils served as the basis for com-
parison. Because the approaches designed to protect 
small merchantable stems were new for the operator, it 
was predictable that productivity would be lower than 
with the conventional approach. It’s unclear whether 
this difference would continue over the long term, since 
the average volume per stem would be larger in 
clearcutting with protection of small merchantable 
stems. 

 
 

Table 1. Average stand characteristics and terrain conditions 
 Full-tree Cut-to-length 
Terrain (CPPA class)   

One-in-one method 3(2).2.1 2.1.1 
Two-in-one and three-in-one methods, plus method  
   with protection of regeneration and soils 

 
2.1.1 

 
2.1.1 

Stand composition 75% spruce, 25% balsam fir 100% spruce 
Regeneration stocking (%) 95 76 
Regeneration density (stems/ha) 51 500 24 500 
Density of merchantable stems ≥10 cm in DBH (stems/ha) 1 700 530 
Basal area (m²/ha) 27.5 10.6 
 

 

Table 2. Summary of productivity observations for the feller-buncher 
Protection of small merchantable stems  

One-in-one Two-in-one Three-in-one 
Protection of rege-
neration and soils 

Productive machine hours (PMH) 6.8 5.4 6.5 2.0 
Average volume per harvested stem (m³/stem) 0.12 0.12 0.12 0.11 
Stems per cycle 4.1 4.4 4.2 4.0 
Productivity (stems/PMH) 195 190 184 236 
Productivity (m³/PMH) 23.2 22.0 21.9 25.0 
Direct cost ($/m³)a 4.76 5.02 5.05 4.42 
a Based on an estimated direct operating cost of $110.53/PMH for the feller-buncher. 
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The one-in-one method was the most productive of the 
three modified methods because it was easiest for the 
operator; the only operational constraint was the need to 
protect small merchantable stems. However, the bunch 
size was lower than with the two-in-one and three-in-
one methods, in which wood was more concentrated. 
This lower volume per bunch had a slight negative 
effect on skidder productivity compared with the two-
in-one method. 

The two-in-one method permitted the concentration of  
a large volume of wood in the extraction trail, and the 
productivity was equivalent to that observed with the 
three-in-one method. The total cycle time was slightly 
higher with the two-in-one method than with the tra-
ditional method or the one-in-one method because of the 
increased “traveling to fell” and “traveling to bunch” 
time elements. Inevitably, this method created addi-
tional travel for the feller-buncher since it had to back 
up to lay trees down in the extraction trail. 

With the three-in-one method, the operator found it 
difficult to position the second harvesting corridor since 
it was difficult to judge the width of the strip to leave 
uncut (Figure 2a). This was aggravated by the fact that 
protection of the 10- to 12-cm DBH stems increased the 
difficulty of seeing into adjacent strips that had already 

been harvested. In addition, it was not always possible 
to arrange the bunches in an arrowhead shape because 
of variations in stand density and irregularities in the 
terrain. Productivity was nonetheless acceptable. 

Overall, the operator of the feller-buncher made 
commendable efforts to protect stems 10 to 12 cm in 
DBH despite the imposing size of the Timberjack 618 
feller-buncher. The size of the feller-buncher, its rear 
overhang, and the design of the boom were all factors 
that obviously affected the efficiency of protecting 
small merchantable stems. Ideally, the feller-buncher 
should have a boom that folds in close to the carrier, a 
head with full lateral tilt, and no rear overhang 
(examples include the Timbco, the Timberjack 2500 
series, the Prentice 620 and 720, and the John Deere 
653E). In addition, a leveling mechanism would provide 
more stability for the carrier, and would thus lead to less 
accidental brushing of small stems during boom 
movements and travel. 

Skidding 
The skidding productivities for the three methods of 
clearcutting with protection of small merchantable 
stems are provided in Table 4. The detailed work cycle 
elements appear in Table 5. 

 

 

 
Table 3. Results of the detailed time study of the feller-buncher 
 Time (min/cycle) 
 Protection of small merchantable stems 
 One-in-one Two-in-one Three-in-one 

 Protection of 
regeneration  

and soils 
Cycle element      

Traveling to fell 0.13 0.26 0.18  0.13 
Brushing 0.04 0.04 0.05  0.05 
Felling 0.82 0.73 0.86  0.58 
Traveling to bunch 0.03 0.12 0.03  0.04 
Piling 0.22 0.23 0.24  0.20 
Operational delays 0.03 0.02 0.01  0.00 
Total cycle time 1.27 1.40 1.37  1.00 

 

 

 

Table 4. Summary of productivity observations for the cable skidder (average extraction 
distance standardized at 150 m) 

 Protection of small merchantable stems 
 One-in-one Two-in-one Three-in-one 
Bunches per trip 3.9 3.2 2.8 
Volume per bunch (m³) 1.26 1.47 1.44 
Volume per trip (m³) 4.8 4.6 4.0 
Time per trip (min) 11.4 10.5 10.7 
Productivity (m³/PMH) 25.4 26.5 22.3 
Direct cost ($/m³)a 3.41 3.27 3.88 
a The skidder’s direct operating cost was estimated at $86.60/PMH. 
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Table 5. Results of the detailed time study of the cable skidder during operations with protec-
tion of small merchantable stems (average extraction distance standardized at 150 m) 

 Time (min/m³) 
 One-in-one Three-in-one Two-in-one 
Work cycle elements    

Traveling empty 0.34 0.41 0.32 
Maneuvering 0.10 0.10 0.10 
Choking and winching 0.97 1.27 1.00 
Traveling loaded 0.58 0.50 0.45 
Unloading 0.26 0.41 0.34 
Operational delays 0.11a 0.00 0.06 
Total time per m³ 2.36 2.69 2.27 

a Attributable primarily to getting stuck in a very wet zone near the landing. 
 

Extraction after felling in the one-in-one method was 
productive even though the bunches were smaller than 
in the two other methods. No modification to the usual 
method of protection of regeneration and soils was 
required, but to maximize the protection of small 
merchantable stems along the trails, it was preferable to 
align the machine with respect to the bunches so as to 
ensure straight-line winching. In addition, it was 
preferable to choke and winch a maximum of only two 
bunches at a time to avoid the lateral sweeping that 
occurred when four consecutive bunches were winched 
at the same time. 

The two-in-one method was the most promising of the 
methods that FERIC studied in terms of extraction 
productivity. With a relatively short cycle time and a 
high volume per bunch, productivity was very good. 
This was also the technique that the operators preferred. 

With the three-in-one method, the bunches had rela-
tively high volumes, but the average volume per trip 
was low because a maximum of three bunches at a time 
could be accessed by the skidder. The operator of the 
feller-buncher had difficulty aligning the ends of the 
bunches and the butts of the central bunch had often 
been pressed into the ground and rendered inaccessible. 
The requirement for frequent cable haul-outs also irrita-
ted the operator and increased the average cycle time. 
This method promoted neither high extraction producti-
vity for the cable skidder nor the protection of small 
merchantable stems. The method should thus not be im-
plemented operationally with cable skidders. However, 
grapple skidders could benefit from this arrangement of 
bunches. 

In general, extraction by cable skidder significantly 
decreased the number of merchantable stems left standing 
by the feller-buncher because the heavy lateral sweep 
during winching of the bunched stems decreased the 
width of the protected corridor by 1 to 3 m; the extent of 
the reduction depended on the angle of the bunches with 
respect to the trail and the position of the skidder. In 
addition, the crowns of the trees in the load toppled many 
stems along the edges of the trails during travel towards 
the landing. 

Cut-to-length Harvesting 
Felling and Processing 
The productivities of the single-grip harvester during 
FERIC’s study of the traditional method of protection of 
regeneration and soils and the clearcutting with pro-
tection of small merchantable stems are presented in 
Table 6. The detailed time study data appear in Table 7. 

The productivity (m³/PMH) of the clearcutting with 
protection of small merchantable stems was higher than 
that with protection of regeneration and soils; even 
though the number of stems harvested per PMH was 
lower, the larger average stem volumes resulted in a 
higher productivity in m³/PMH. 

In general, the operator of the single-grip harvester 
made a laudable effort to protect stems of 10 and 12 cm 
in DBH despite the imposing size of the John Deere 
690ELC carrier. The general size of the harvester, its 
rear overhang, and the boom design were all factors that 
obviously affected the efficiency of protecting small 
merchantable stems. 

 
Table 6. Summary of productivity observations for the single-grip harvester 
 Method 
 Protection of small 

merchantable stems 
Protection of regeneration 

and soils 
Productive machine hours (PMH) 7.9 5.8 
Average volume per harvested stem (m³/stem) 0.16 0.13 
Productivity (stems/PMH) 87 96 
Productivity (m³/PMH) 13.7 12.9 
Direct cost ($/m³)a 8.51 9.04 
a The harvester’s direct operating cost was estimated at $116.56/PMH. 
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Table 7. Results of the detailed time study 
for the single-grip harvester 

Time (min/cycle)  
Protection of 
small mer-
chantable 

stems 

Protection 
 of 

regeneration 
and soils 

Work cycle element   
Traveling 0.13 0.12 
Brushing 0.04 0.05 
Positioning of the head  
   and felling 

 
0.22 

 
0.18 

Delimbing and slashing 0.25 0.18 
Operational delays 0.05 0.09 
Total cycle time 0.69 0.62 

 

Forwarding 
The forwarding productivities in the two methods are 
provided in Table 8. Note that separate trips were 
performed for 2.7-m (9-foot) and 5.1-m (16-foot) logs. 
The detailed time study results appear in Table 9. 

The potential payload of the 12-tonne forwarder was not 
fully exploited because of the operator’s inexperience (it 
was the operator’s first day of work with the machine). 
Trips to bring short logs to the landing typically 
extracted less than half (at most 4 m³) of a normal load 
for a forwarder of this size. The weighted productivity 
based on the volumes of the two products was 
comparable in the two operations, at about 12 m³/PMH, 
and the difference in volume per trip was not 
necessarily related to the type of harvesting. It is 
difficult to draw any conclusions on the impact of 
protecting small merchantable stems during clearcutting 
on the forwarding costs based on these results. 

Because of the low stand density (530 stems/ha), the 
piles of processed logs were quite small. To decrease 
the cycle time for trips with short logs, the forwarder 
operator consolidated the piles of small logs during his 
return to the landing with the longer logs. The time 
required for this consolidation was lower in the method 
with protection of regeneration and soils because the 
piles were larger. In an operation with a higher stand 
density (1000 stems/ha and up), this consolidation of 
piles would probably have been unnecessary, and thus 
the extraction cost would have been lower. 

 
 
Table 8. Summary of productivity observations for the forwarder (average extraction distance 

standardized at 150 m) 
 Protection 

of small merchantable stems 
 Protection 

of regeneration and soils 
 2.7-m logs 5.1-m logs  2.7-m logs 5.1-m logs 
Total time/trip (min) 40.4 41.8  46.9 41.6 
Volume per cycle (m³) 3.9 9.1  3.0 9.6 
Productivity (m³/PMH) 5.8 13.1  3.8 13.8 
Proportion of volume for each product (%) 22.0 78.0  20.0 80.0 
Weighted productivity (m³/PMH) 11.5  11.8 
Direct cost ($/m³)a 7.31  7.13 
a The forwarder’s direct operating cost was estimated at $84.10/PMH. 
 
 
Table 9. Results of the detailed time study for the forwarder, per product (average extraction 

distance standardized at 150 m) 
 Time (min/cycle) 
 Protection 

of small merchantable stems 
 Protection 

of regeneration and soils 
 2.7-m logs 5.1-m logs  2.7-m logs 5.1-m logs 
Work cycle element      

Traveling empty 3.74 3.74  3.61 3.61 
Loading 19.34 21.84  25.47 21.07 
Traveling to load 5.46 2.91  6.43 5.50 
Consolidating 2.7-m logs n.a. 2.30  n.a. 0.49 
Traveling loaded 3.56 3.56  3.26 3.26 
Unloading 8.05 7.19  6.58 6.14 
Operational delays 0.27 0.27  1.52 1.52 

Total time/trip 40.42 41.81  46.87 41.59 
Total time (min/m³) 10.36 4.59  15.62 4.33 
 



 

 

7 

Results: Impacts of Har-
vesting on Regeneration 
and Small Merchantable 
Stems 
Full-tree Harvesting 
Figure 5 presents the degree of regeneration protection 
provided by the one-in-one and two-in-one methods of 
clearcutting with protection of small merchantable 
stems. No post-treatment sampling was performed in 
the three-in-one block because of operational problems 
with this method. 

It’s important to note that the regeneration density 
before harvesting was very high, with a density of 
51 500 stems/ha and an average stocking of 95%. The 
very high stocking level after harvesting suggests a 
possible sampling error, with too many sample plots 
located in the strips between extraction trails. 

Figure 5. Density and stocking before and after 
harvesting with the full-tree system. 

 

Figure 6 illustrates the regeneration density by height 
class before and after clearcutting. The results confirm 
the abilities of the one-in-one and two-in-one methods 
to protect regeneration in height classes below 60 cm. In 
the 60–100 cm and 100+ cm classes, the results again 
suggest a problem with the sampling design (i.e., an 
insufficient number of plots or an unrepresentative 
distribution compared with the actual state of the cut-
over). 

Figure 7 illustrates the density of residual small 
merchantable stems (10 to 12 cm in DBH) before and 
after harvesting with the one-in-one and two-in-one 
methods. Both provided good protection of stems 10 to 
12 cm in DBH. However, the two-in-one method 
provided a greater residual density. With the one-in-one 
method, it would be difficult to preserve more than 30 

to 40% of the original stems because the width of the 
extraction corridor is relatively high compared with that 
of the protected corridor. Furthermore, some stems on 
each side of the trail are struck by the machine’s rear 
overhang or “mowed down” by the sweeping of stems 
during extraction. This situation could be improved by 
using a feller-buncher with a different configuration and 
a mode of extraction that doesn’t require dragging the 
stems along the ground. 

Figure 6. Regeneration density (by height class) 
before and after treatment with the full-tree system. 
 

Figure 7. Density of small merchantable stems  
(10 and 12 cm in DBH) before and after treatment 

with the full-tree system.
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In addition to protecting small merchantable stems, the 
one-in-one and two-in-one methods also protected large 
unmerchantable stems between 4 and 8 cm in DBH 
(Figure 8). This improved the quality of the protection 
effort. 

The operator also left a certain number of larger stems 
(14 cm in DBH) standing, particularly with the two-in-
one method. It’s important to note the short duration of 
the trials and the fact that the operator was not yet used 
to this style of work. The operator’s selection criteria 
varied during the week of the trial in response to 
discussions with FERIC’s researchers and the com-
pany’s field staff, and as a result, the work was not 
necessarily homogeneous from one method to the other 
in terms of stem selection. Nonetheless, the selection 
criteria should stabilize in any operation over the long 
term. 

 

Figure 8. Post-harvest density of stems 4 to 8 cm 
in DBH for the one-in-one and two-in-one methods 

in the full-tree system. 

 

Cut-to-length Harvesting 
Figures 9 and 10 present the levels of regeneration 
protection provided by clearcutting with protection of 
small merchantable stems and with protection of 
regeneration and soils in the cut-to-length operations. 
The pre-harvest regeneration density was relatively low, 
with a moderate stocking level. Clearcutting with 
protection of small merchantable stems preserved the 
original stocking level after harvesting without unduly 
decreasing stem density. Clearcutting with protection of 
regeneration and soils provided less satisfactory results, 

with a density decrease of nearly half and a decrease in 
stocking from 76% to 64% after harvesting. Most of the 
regeneration comprised seedlings 15 cm tall and larger 
(Figure 10). 

 

Figure 9. Density and stocking before and after 
harvesting with the cut-to-length system. 

 

Figure 10. Regeneration density by height class 
before and after harvesting  

with the cut-to-length system.
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Figure 11 shows that, in addition to protecting the small 
merchantable stems, the attempt to protect small 
merchantable stems also protected more of the larger 
unmerchantable stems (stems 6 to 8 cm in DBH). Note 
that stems 8 to 12 cm in DBH showed almost no 
decrease in density after clearcutting with protection of 
small merchantable stems. 

Figure 11. Density of stems 4 to 12 cm in DBH 
before and after harvesting with the  

cut-to-length system. 

Results: Soil Conditions 
after Harvesting 

Full-tree Harvesting 
Table 10 presents the post-harvest levels of soil 
disturbance with the full-tree system. The two-in-one 
method protected more of the site, since extraction trails 
occupied only 20% of the site, with a spacing of 17 m 
between trails. With the one-in-one method, extraction 
trails occupied more of the site (26.8%), but never-
theless fell within the 33% limit imposed by Quebec’s 
Ministère des Ressources Naturelles (MRNQ). The trail 
width remained relatively constant from one method to 
the other, at around 4 m, except for the normal fanning 
out near landings, which appeared most pronounced 
with the one-in-one method. 

Soil disturbance levels were generally low, and were 
comparable for the two methods. There was little severe 
disturbance and some moderate disturbance, but there 
was a higher proportion of undisturbed soil with the 
one-in-one method than with the two-in-one method. 

 

 

 

 

 

 
 
Table 10. Description of the soil and trail conditions after harvesting with the full-tree system 
 Method 
 One-in-one Two-in-one 
Terrain   
     Trail width (m) 4.0 4.3 
     Distance between trails (m) 10.8 17.1 
     Terrain affected by machine travel (%) 
 

26.8 20.0 

Disturbance class (%)   
     1. undisturbed soil 73.2 55.8 
     2. covered by residues 0.1 0.9 
     3. humus disturbed 15.1 29.8 
     4. not capable of disturbance (rock) 0.2 0.0 
     5. mineral-soil deposits 0.0 0.5 
     6. shallow mineral-soil exposure (<10 cm) 0.4 1.5 
     7. mix of mineral soil and organic matter 8.6 8.7 
     8. deep mineral-soil exposure (>10 cm) 0.1 1.4 
     9. mud 2.3 1.4  100.0 100.0 
Interpretation (%)   
     Insignificant disturbance (classes 1 through 4) 88.6 86.5 
     Moderate disturbance (classes 5, 6 and 7) 9.0 10.7 
     Severe disturbance (classes 8 and 9)     2.4     2.8 
 100.0 100.0 
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Cut-to-length Harvesting 
In the cut-to-length operation, the post-harvest cruise 
showed that trails occupied 18.4%  of the site that had 
been clearcut with protection of small merchantable 
stems (Table 11), with an average distance of 15 m 
between trails. Extraction trails in the method with 
protection of regeneration and soils were spaced 12 m 
apart and occupied 22.7% of the site, which remains 
within the 33% permitted by MRNQ. Trail width 
remained constant between methods at about 3.4 m. 

Since the work patterns were comparable in the two 
methods, the different results are probably attributable 
to other factors (e.g., terrain, pile locations). Soil 
disturbance was generally low, and was comparable 
with the two methods. There was little moderate 
disturbance and no severe disturbance. 

Discussion and 
Conclusions 
The main goal of this study was to evaluate harvesting 
methods that could protect small merchantable stems at 
an affordable cost. 

Full-tree Harvesting 
With full-tree harvesting, only two of the three 
techniques that FERIC tested could be retained as 
operational methods with cable skidders. The three-in-
one method (preparing bunches in arrowhead shapes) 
provided neither adequate protection for small mer-
chantable stems nor acceptable skidding productivity. 
The approach not only made extraction more difficult, 
but also posed problems for the feller-buncher because 
of the difficulty of bunching stems in the required 
arrowhead shape as a result of the dense cover. 

The one-in-one and two-in-one methods had estimated 
direct costs of $8.17/m3 and $8.29/m³, respectively, 
under the study conditions. At a cost equivalent to that 
of the one-in-one method, the two-in-one method 
provided better protection of small merchantable stems, 
left a greater proportion of the site undisturbed after 
extraction, and provided soil protection equivalent to 
that provided by the one-in-one method . In addition, it 
increased skidding efficiency. The two-in-one method 
thus appears to be the more promising approach both 
operationally and in terms of protection of regenera-
tion. 

 
 
Table 11. Description of the soil and trail conditions after harvesting with the cut-to-length 

system 
 Method 
 Protection 

of small 
merchantable stems 

Protection 
of regeneration 

and soils 
Terrain   
     Trail width (m) 3.4 3.4 
     Distance between trails (m) 15.1 11.6 
     Terrain affected by machine travel (%) 
 

18.4 22.7 

Disturbance class (%)   
     1. undisturbed soil 87.1 78.1 
     2. covered with residues 2.4 5.8 
     3. humus disturbed 9.9 14.3 
     4. not capable of disturbance (rock) 0.0 0.0 
     5. mineral-soil deposits 0.6 0.7 
     6. shallow mineral-soil exposure (<10 cm) 0.0 1.1 
     7. mix of mineral soil and organic matter 0.0 0.0 
     8. deep mineral-soil exposure (>10 cm) 0.0 0.0 
     9. mud 0.0 0.0 
 100.0 100.0 
Interpretation (%)   
     Insignificant disturbance (classes 1 through 4) 99.4 98.2 
     Moderate disturbance (classes 5, 6 and 7) 0.6 1.8 
     Severe disturbance (classes 8 and 9)     0.0     0.0 
 100.0 100.0 



 

 

11 

However, the limited duration of this initial study did 
not permit a definitive evaluation of the relative impact 
on direct costs of adding the protection of small 
merchantable stems to the traditional approach with 
protection of regeneration and soils. It’s clear that 
felling productivity, in terms of stems felled per hour, 
would be lowered by the amount of attention operators 
must pay to the protection of stems 10 to 12 cm in 
DBH. Conversely, the average volume per harvested 
stem would be higher. Moreover, the greater con-
centration of wood in the trails with the two-in-one 
method could decrease extraction costs. A longer-term 
follow-up would be necessary to better evaluate the 
economic impact of clearcutting with the protection of 
small merchantable stems, and particularly the average 
felling and extraction productivities (thus the overall 
cost of the system). 

In the long term, using different full-tree harvesting 
equipment could improve the productivity of clear-
cutting with protection of small merchantable stems. 
More suitable equipment could include: 

• a feller-buncher with no rear overhang and with the 
ability to fully retract its boom; 

• a feller-buncher with faster travel speed and a 
leveling device (to provide more stability); 

• a felling head with full lateral tilt (to facilitate the 
two-in-one work pattern without requiring second-
ary trails); 

• a clambunk skidder rather than a cable skidder; and 
• a felling head with a narrow profile. 

 

Cut-to-length Harvesting 
In the cut-to-length operation, the overall costs (felling 
plus forwarding) of the clearcutting with protection  
of small merchantable stems and with protection of 
regeneration and soils were estimated at $15.82/m3 and 
$16.17/m³, respectively, under the study conditions, for 
a saving of $0.35/m³ in favor of the former approach. 
This is attributable to the resultant slightly larger 
average stem volume. In addition to protecting small 
merchantable stems at a lower cost than with protection 
of regeneration and soils, protecting small merchantable 
stems also resulted in a better stocking level after 
harvesting. 

The productivity of the forwarding phase was relatively 
low, but primarily because of the initially low stand 
density and the operator’s inexperience. With a denser 
stand and a more experienced operator, it should be 
possible to decrease the extraction cost by around $2/m³ 
for either method. The single-grip harvester should also 
be more productive in a denser stand, though an overly 
dense stand might interfere with the harvester’s move-
ments if small merchantable stems are left standing. 

 

 

The low mechanical availability of the single-grip 
harvester, the low stand density, and the inexperience  
of the forwarder operator during this initial study 
prevented a definitive evaluation of the relative impact 
on cost of the protection of small merchantable stems  
in the cut-to-length system. It’s clear that the felling 
productivity in terms of stems per hour would be lower 
because of the amount of attention that the operator 
must pay to protecting stems 10 to 12 cm in DBH. In 
contrast, the average volume per harvested stem would 
increase. 

The felling productivity in m³/PMH could be higher in 
clearcutting with protection of small merchantable 
stems, but the impact on forwarding is less clear. A 
longer-term follow-up would be required to fully 
evaluate the economic impact of the protection of small 
merchantable stems, particularly concerning the avera-
ge felling-processing and forwarding productivities and 
thus the overall cost of the system. 

In the long term, using different cut-to-length equip-
ment could improve the operation’s productivity. Such 
equipment includes: 

• a harvester with no rear overhang and the ability to 
fully retract its boom; 

• an extra-long boom or a boom with a telescopic 
extension; 

• a harvester with a leveling device (to provide more 
stability); and 

• a forwarder whose bunk was modified to facilitate 
the simultaneous extraction of two racks of 2.7-m 
logs. 

 

Reference 
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Disclaimer 
This report is published solely to disseminate 
information to FERIC's members. It is not intended as 
an endorsement or approval by FERIC of any product or 
service to the exclusion of others that may be suitable. 
Although all attempts have been made to provide the 
best knowledge possible, FERIC makes no warranty or 
representation with respect to the accuracy or complete-
ness of the information contained in this report. 
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Appendix 1 
Soil Disturbance Classes 

 

Undisturbed soil (N): No apparent modification of the soil surface, or slight disturbance of the vegetation, or slight 
movement of the litter without damaging the humus layer. 

Disturbance of the humus layer (DH): Any physical modification of the humus layer, including compression of the LFH 
layers, exposure of the H and F layers, and lifting of the LFH and/or the moss (with or without inversion), but 
excluding any exposure of mineral soil. 

Mineral-soil deposits (MSD): Includes deposits at the edge of ruts or as a result of wheel slippage. 

Surface mineral-soil exposure (SMSE): Exposure of the upper layer of mineral soil in which 90% or more of the rooting 
zone of the trees forming the stand is found (e.g., 10 to 15 cm, depending on the site, for black spruce). When 
organic deposits are deep (>30 cm), exposure of the H layer of the humus (strongly decomposed organic matter) is 
also included in this class. 

Mix of mineral soil and organic matter (MIX): Deposition of mixed material (mineral, humus, or litter) in which the 
structure is loose or unstable. 

Deep mineral-soil exposure (DMSE): Exposure of mineral soil beneath the rooting zone. 

Mud (M): Mixture of mineral soil or organic matter with water caused by the passage of machinery; evaluated in the dry 
or wet state. 

Not capable of disturbance (ND): Stumps, stones or boulders. 

Not capable of evaluation (NE): The soil surface is covered by harvesting residues that prevent an evaluation. 
 
 

Appendix 2 
Assumptions Used in the Calculation of Hourly Costs 

 Timberjack 618 
feller-buncher 

Timberjack 450 
cable skidder 

John Deere 690ELC 
single-grip harvester 

Rottne Rapid 
forwarder 

Economic life (years) 5 5 5 5 
Scheduled machine hours (SMH/year) 4 000 2 000 4 500 4 500 
Purchase price ($) 452 000 200 000 400 000 340 000 
Resale value ($) 45 200 20 000 40 000 34 000 
Licensing ($/year) 0 0 0 0 
Insurance  ($/year) 13 560 6 000 25 000 15 000 
Interest rate (%) 10 10 10 10 
Utilization rate (%) 85 90 75 85 
Lifetime repair costs ($) 452 000 180 000 500 000 340 000 
Fuel consumption (L/PMH) 31 14 25 14 
Fuel price ($/L) 0.50 0.50 0.50 0.50 
Oils and lubricants ($/PMH) 2.15 1.00 4.37 4.00 
Wages and benefits ($/SMH) 25.00 25.00 25.00 25.00 

Fixed costs ($/PMH) 36.88 30.82 36.73 25.91 
Variable costs ($/PMH) 44.24 28.00 46.50 28.78 
Labor cost ($/PMH) 29.41 27.78 33.33 29.41 
Total cost ($/PMH) 110.53 86.60 116.56 84.10 
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