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Abstract 

This 2007/08 FIA–FSP study is part of a larger FPInnovations–Feric Division project consisting 
of an ongoing series of partial harvesting trials where the objective is to harvest mountain pine 
beetle-killed pine while protecting the secondary structure. Secondary structure can be 
considered as the overstory and understory trees that are likely to survive a mountain pine beetle 
attack and be available for harvest by the mid-term time period (eg. 15-50 years from present). 
Essentially, secondary structure includes healthy non-pine trees larger than 1.3 m in height. Trial 
A, near McKewan Lake, Prince George, began with funding from the Ministry of Forests in the 
fall of 2006 and data analyses was completed in the spring of 2008 with FIA–FSP funding. 
During the 2007/08 FIA–FSP funding year Feric completed Trial B near Crystal Lake, Prince 
George. Results and analyses for Trials A and B are included in this report. Trial A used a full 
tree length harvesting system and Trial B used a cut to length (CTL) harvesting system. 
Variations in pre-harvest stand attributes and harvesting equipment/methodology resulted in 
differences in the total trail area, harvesting costs, and amount of secondary structure remaining 
undamaged in the residual stands. Pre-harvest data for 4 additional trials (Trials C, D, E, and F) 
were collected in the 2007/08 year. Pre-harvest measurements record stand information in order 
to calculate the impact the partial harvesting treatment had on the secondary structure that was 
present before harvesting and are included in this report. However, since Trials C, D, E, and F 
have not been completed yet the post-harvest results and analyses are not included in this report. 
In summary, the 2007/08 FIA FSP funding year included completing data analyses for Trails A 
and B, and recording the pre-harvest measurements for Trials C, D, E, and F.   
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Introduction 

The current mountain pine beetle (Dendroctonus ponderosae) outbreak is expected to 
have a significant impact on the mid-term timber supply (MTTS) in the interior of British 
Columbia 15-50 years from now. In pure pine stands lacking a developed understory, the 
clearcut and plant strategy is an appropriate harvesting method. However, there are other stands 
that contain an abundance of healthy secondary structure along with the pine component. In 
these situations, if the pine was selectively harvested while the secondary structure was 
protected, the post-harvest stand would qualify as a fully stocked free-growing stand with the 
potential to contribute harvestable timber early enough to coincide with the mid-term time 
period. Understanding the levels of secondary structure protection that can be achieved, and 



 

 2 

associated costs, will provide managers with additional tools to manage the present mountain 
pine beetle (MPB) outbreak in the northern interior of B.C.  

This FIA–FSP study is the second year of a 3-year project initiated by the BC Ministry of 
Forests and Range. It examines the productivity and harvesting cost breakdown of two 
completed partial retention trials (Trials A and B) and the level of secondary structure protection 
that was achieved. In the fall of 2007, pre-harvest data was collected from 4 other trial sites 
(Trials C, D, E, and F) in preparation for their completion in the summer of 2008. Results from 
three previous Feric trials completed in 2006/07 are not included in this FIA–FSP report, but will 
be published in an upcoming Feric “Advantage” report.  

The Feric pre-harvest secondary structure data collection and field protocol was 
integrated into a pre-harvest secondary structure survey procedure used by the Fort St. James, 
British Columbia Timber Sale (BCTS) field crew for Trial F. The intention was to include these 
pre-harvest field procedures in future secondary structure surveys for BCTS MPB partial 
harvesting treatments in the Fort St. James District. Pre-harvest data provides a detailed 
confirmation that the stand has the potential to contribute to the MTTS and is used to determine 
the suitability of the site for a partial harvesting treatment. The pre-harvest data is also required 
to complete calculations of pre- and post harvest stocking assessments that compare the potential 
MTTS contribution before harvesting to the potential contribution of the post-harvest residual 
stand.  

Likely the single most important factor for managing a desirable secondary stand 
structure is selecting a stand with appropriate stand attributes. Once the manager identifies a site 
with the right attributes the decision needs to be made whether to harvest now or leave the stand 
for a future harvest. Once the decision is made to harvest, an appropriate partial harvesting 
system must be designed according to the site specific stand conditions. The partial harvesting 
options can include several different harvesting methods and equipment combinations with the 
intent of protecting secondary structure. Partial harvesting strategies need to consider the amount 
of healthy secondary structure, windthrow hazard, and the extent of insect/pathogen presence 
with a reasonable control strategy if necessary.  

Methods 

Project objectives  

The main goal of this study was to determine the cost effectiveness and operational 
feasibility of harvesting the dead pine in mountain pine beetle-attacked stands while protecting 
the secondary structure. Another goal was to develop a secondary structure decision matrix to 
provide managers with a tool to help identify MPB stands suitable for partial harvesting and 
select appropriate harvesting strategies based on site specific stand conditions.  

The specific objectives of the trials were to determine:    

• the individual machine cost breakdown of harvesting pine while protecting secondary 
structure; 

• the level of secondary structure protection that can be achieved with different harvesting 
equipment combinations and methods; and  

• the factors influencing a successful MPB partial harvesting treatment that will leave a 
residual stand able to contribute to the MTTS.  
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Trial sites 

The two completed trials (Trials A and B) were located in the Prince George Forest 
District and contained different pre-harvest pine levels and piece sizes (Table 1). There was 
considerable difference in the amount of pre-harvest secondary structure between Trial A and 
Trial B (Figures 1 and 2).    

 

Table 1. Site and stand description  

 Trial A Trial B Trial C 
a 

Trial D a Trial E a Trial F a 

Location McKewan 
Lake  

Crystal  

Lake  

Cossack 
Lake  

Woodjam 

 

Summit 
Lake  

Rainbow 

(Ft St 
James) 

Total combined net area (ha) 19.9 29.0 20.2 ~40 42.3 n/a 

Pre-harvest basal area (%)       
 Pl  44 78 31 43 52 42 

 Sx 35 13 27 23 40 37 

 Bl  17 1 1 4 3 0 

 Fd  1 4 7 1 0 21 

 At  3 4 34 28 5 0 

Volume Pl harvested 
 (m3/block) 
 (m3/ha) 

 
4746 
239 

 
5369 
185 

 
n/a 

 
n/a 

 
n/a 

 
n/a 

 
Average piece size (m3) 

 
1.6 

 
0.4 

 
n/a 

 
n/a 

 
n/a 

 
0.6 

Slope (%)       
 Range  0-35 0-26 n/a n/a n/a n/a 

 Average  9.3 8.5 n/a n/a n/a n/a 

Ecological classification  

SBSwk1 

 

SBSmk1 

 

SBSdw1 

 

SBSdw1 

 

SBSmk1 

 

SBSdw3 

 

Soil texture class 

Silt 
Silty-Loam 

Sandy-Loam 
Loamy-Sand 

 

n/a 

 

n/a 

 

n/a 

 

n/a 
a Post-harvest sampling has not been completed for Trial blocks C-F so some block sizes, harvested 
volumes, average piece size, and soil texture classes are not available yet (n/a).   
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Figure 1. Trial A pre-harvest stand containing abundant secondary structure. 

 

 

Figure 2. Trial B pre-harvest stand containing relatively little secondary structure.   

 

Harvesting systems 

Harvesting treatments for both Trial A and Trial B focussed on protecting as much 
secondary structure as possible while selectively harvesting MPB-killed pine trees. Machine 
operators for Trial A were instructed to stay on main trails and use short spur trails as required to 
access pine. The intent of concentrating traffic on main trails was to reduce the total area of 
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ground covered by machines and minimize overall damage to the secondary structure. However, 
the thin duff layer and very coarse soils in Trial B could only sustain a minimal number of 
machine passes without soil damage and additional passes removed the moss cover and exposed 
mineral soil. Soil disturbance in Trial B was minimized by distributing machine traffic over the 
entire block reducing repeated traffic on the same trails. Trial B also contained a much higher 
component of pine (85%) dispersed throughout the stand and therefore required a large number 
of well-distributed trails throughout the block to access all the timber.  

The harvesting systems and equipment are listed in Table 2. Trial A was a fully 
mechanized tree length harvesting system using feller-bunchers, grapple skidders, a stroke 
delimber, and a loader. All tree processing was done at the landings. Shortly after the skidding 
phase had begun a loader was used periodically at the landing areas as required to build well-
organized log decks. The objective of the loader was to help both the skidders and stroke 
delimbers to be more efficient, and to keep the total landing area to a minimum. Trial B was a 
fully mechanized cut to length (CTL) harvesting system using feller-bunchers, dangle-head 
processors and forwarders. Processing was done at the stump and forwarders transported 
processed sorted logs to roadside decks.  
 
Table 2. Harvesting systems and equipment 
 

 Trial A Trial B 

Month of harvesting November  July 

Selection of  trail location Pre-harvest layout and  

feller-buncher operator selected 

Feller-buncher operator selected 

Log lengths Full tree length Cut to length (short logs) 

Felling equipment Feller-bunchers 

(Timberjack 618, Timberjack 620) 

Feller-bunchers 

(Madill 3200C, Madill 2250, John Deere 
903J) 

Extraction equipment Grapple skidders 

(2 Timberjack 660) 

Forwarders 

(Valmet 890.2, Tigercat 1765, John Deere 
1710) 

Tree processing equipment  Stroke delimber  

(Limmit 2300 stroker on a Link-Belt 4300 
base) 

Dangle-head processors  

(2 Hitachi 200, Caterpillar 320C) 

Decking equipment Loader 

(Komatsu PC250) 

Forwarders  

(same as “Extraction equipment”) 

 

Data collection 
MultiDAT data recorders were installed on all harvesting equipment to monitor shift-

level activities and equipment utilization for each treatment. Hand-held data loggers were used to 
record detailed block-level timing (machine cycle times). Shift-level and block-level timing 
studies were concurrently run on all harvesting activities. This information was used to complete 
cost and productivity analyses and identify each specific harvesting activity for its proportion to 
the overall harvesting treatment cost. Harvesting treatment costs were calculated from stump to 
landing or roadside using Feric’s standard machine costing methods (Appendices 1 and 2) and 
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did not include equipment transport and log hauling costs. Harvested volumes were provided by 
the contractor and average harvested tree sizes were calculated from sample measurements of 
logs in log decks.   

Permanent Sample Plots (PSP) were located prior to harvesting in a systematic grid 
pattern along strip lines spaced 100 m apart. The first plot on each strip line was randomly 
located within the first 50 m and subsequent plots were spaced at 50 m intervals along the strip 
line. The PSPs included variable radius (VR) plots for trees > 12.5 cm diameter at breast height 
(dbh) and 3.99-m radius fixed area plots for understory trees < 12.5 cm dbh. Both VR plots and 
fixed area plots used the same plot centres. Plot tree variables included species, size (height, 
dbh), density (sph), basal area (m2/ha), and “well-spaced” classification (1.6 m minimum inter-
tree distance). These values were used to assess the pre- and post-harvest stand conditions. After 
harvesting, trees were assessed for damage type and severity, mortality status (live, dead), 
proximity to trail, and whether or not they were harvested (i.e. missing from plot). Post-harvest 
understory trees were assessed for damage type and whether or not they were present. These 
values were used to estimate the level of secondary structure protection that was accomplished 
during the harvesting treatment and the residual stand’s potential contribution to the mid-term 
timber supply (mid-term stocking assessment). Other plot measurements focussed on site 
conditions (i.e. soil texture, topography, etc.).  

Trail locations (GPS mapping), length, width, and soil disturbance measurements were 
recorded for all trails and roads. Inter-trail spacing was used as a measure of trail layout 
efficiency. A minimum inter-trail spacing of 20 m or twice the feller-buncher boom reach (10 m) 
was used as a parameter for trail layout efficiency. Canopy closure measurements were taken 
with a mirror densiometer at each plot centre before and after harvesting, before the following 
summer season’s canopy growth.  

Stocking assessments were done using the “Deviation From Potential” (DFP) method 
developed by Martin et al. (2005). The DFP method incorporates non-pine overstory tree (> 12.5 
cm dbh) basal area and the stems per hectare of well-spaced understory trees (<12.5 cm dbh) to 
arrive at a DFP value. The DFP value indicates the stand’s percent deviation below the volume 
growth potential of a fully stocked, planted clearcut. It was assumed that all pine were at risk of 
future MPB attack so only the non-pine component was recorded for mid-term stocking 
assessments.  

Harvesting costs 

Harvesting costs from stump to landing or roadside were calculated for each harvesting 
machine using Feric’s standard costing methodology (Kosicki and Dyson 2004, Araki 2004, 
Sauder 2004, Sambo and Sutherland 2003) that incorporates machine owner and operating costs 
(Appendix 1), and scheduled machine hours (SMH). Equipment utilization was calculated by 
dividing productive machine hours (PMH) by scheduled machine hours. Total harvesting costs 
from stump to landing were calculated as the total sum of all machine phase costs (Table 5). 

Results 

Secondary structure decision matrix 

A matrix that uses a decision key process to determine if there is adequate secondary 
structure in a stand was created by Ken Hodges, Ministry of Forests and Range. The matrix was 
designed to assist managers in identifying suitable sites for secondary structure management 
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using various forms of harvesting strategies within MPB-damaged stands.  The matrix 
incorporated results from this Feric project and input from a variety of other sources including 
the research community (CFS, UNBC), government agencies (MOFR) and industry (forest 
companies, contractors, and field crews). Ecosystems are unique and complex and the decision 
matrix was designed to be used as a thought processing guide. The matrix focuses on many 
aspects for decision making on secondary structure management and subsequent harvesting 
strategies.  The decision matrix has two versions; a complete and detailed version, and a shorter 
one-page flow chart capturing the essence of the main document.  To assist the reader, we have 
included the shorter version along with an introduction from the author in Appendix 2.  The 
complete version of the matrix is available from Ken Hodges1.  

Canopy closure and stocking assessments 

Figure 3 compares the canopy closure before and after harvesting, and basal area 
harvested for Trials A and B. Approximately 50% of the total basal area in Trial A and 85% of 
the total basal area in Trial B was harvested. Post-harvest canopy closure in Trial A was higher 
than the pre-harvest canopy closure in Trial B. Post-harvest canopy closure in Trial B was 
reduced to 4 % illustrating the extremely open stand conditions after harvest.   

 

 

 

 

 

 

 

 

 

 

Figure 3. Canopy closure before and after harvesting. 

 

The pre- and post-harvest “mid-term deviation from potential” (MTDFP) stocking 
assessment summaries are presented in Table 3. Only trees taller than 1.3 m in height were 
included in the MTDFP stocking calculations since smaller trees were not considered to have the 
potential to contribute merchantable timber by the mid-term time period. Including small trees < 
1.3 m in height in the stocking calculation would alter the DFP values and generally increase the 
stocking level assessments. Measurements before and after harvesting provided the post-harvest 
stocking assessment as well as the change in DFP stocking values resulting from the treatments. 
Trials C, D, E, and F have not been harvested yet so post-harvest MTDFP values are not 
available. The pre-harvest stand in Trial A was considered stocked in terms of MTDFP stocking 
with secondary structure, and careful harvesting was able to protect most of the secondary 

                                                 
1 Ken Hodges, BC Ministry of Forests and Range, Prince George Forest District (Ken.Hodges@gov.bc.ca)  
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structure. Post-harvest MTDFP values excluding trees smaller than 1.3 m indicated Trial A left a 
partially stocked stand (Table 3). However, if trees smaller than 1.3 m were included in the DFP 
calculations, Trial A would be classified as a stocked stand. Before harvesting, the stand in Trial 
B was classified as MTDFP “Partial” stocked with secondary structure but harvesting resulted in 
the loss of most of the original non-pine overstory and understory leaving an “Open” stand 
(Table 3). Even including trees smaller than 1.3 m in height in the calculations did not change 
the “Open” DFP stocking classification in Trial B. The pre-harvest MTDFP stocking 
classification was “Partial” for Trials C, D, and E and “Stocked” for Trial F. Figures 4 and 5 
show the post-harvest stands for Trials A and B.  

Table 3. Pre- and post-harvest MTDFP values for mid-term stocking using only trees > 1.3 m in 
height. 

 MTDFPa 

Trial Pre-harvest b Post-harvest b Change 

A 0.07 0.30 0.23 

B 0.40 0.79 0.39 

C c 0.31 n/a  n/a   

D c 0.29 n/a  n/a  

E c 0.34 n/a  n/a  

F c 0.20 n/a  n/a  
a DFP values indicate the deviation below the volume growth potential of a fully stocked plantation (e.g., 

0.30 = 30% below the potential of fully stocked clearcut stand)  
b MTDFP values: < 0.20 = Stocked, 0.21–0.40 = Partial, > 0.41 = Open  
c Trials C-F have not been harvested so post-harvest measurements are not available 
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Figure 4. Trial A post-harvest stand. Sufficient secondary structure remained after harvesting to 
leave a stand with MTDFP “Partial” and DFP “Stocked” classifications.   

 

Figure 5. Trial B post-harvest stand. The sparse secondary structure after harvesting resulted in a 
stand with “Open” stocking values in both MTDFP and DFP classifications.  
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Trail coverage and site disturbance 

For the purpose of this study, a trail was considered as any area of ground where a 
harvesting machine had travelled over sufficiently to cause a noticeable change in the forest floor 
(excluding landings). There were considerable differences in the total trail areas (Table 4) and 
trail layout (Figures 6 and 7) between Trial A and B. Trial A was a fully mechanized ground-
based (feller-buncher/grapple skidder) tree-length harvesting operation with an average trail 
width of 4.7 m. Skidding full tree lengths required trail layout to be relatively straight. 
Approximately 19% of the block area was used as trails to access the 50% pine component in the 
stand (Table 4). Trial B was a fully mechanized ground-based (feller-
buncher/processor/forwarder) cut to length (CTL) harvesting operation with an average trail 
width of 5.2 m. Trial B utilized a combination of in-block roads and trails. A combined total of 
36% of the block area was used as roads and trails to access the 85% pine-component in the 
stand. Since pine was well-distributed over most of the stand, the trail coverage in Trial B was 
extensive (Figure 7). The only disturbed mineral soil found on the harvested cutblocks was 
located on the trails (and roads for Trial B). Even so, disturbed mineral soil on trails was low for 
both Trials (Table 4). Trail layout efficiency for Trial A was estimated at 4% of the block area 
containing trails spaced less than 20 m apart (Figure 6). Whereas, the entire block area in Trial B 
was covered by trails with an average inter-trail spacing of 15 m (Figure 7). 

 

Table 4. Trail area and soil disturbance 

 Trial A Trial B 

Average trail width (m) 4.7 5.2 

Average road width (m) no roads 7.7 

Combined trail and road area (ha) 3.6 9.4 

Block area (ha) 19.9 25.9 

Disturbed mineral soil on trail (%) 2.6 3.9 

Disturbed road mineral soil (%) na 100 

Trail/ Block ratio (%) 19 30 

Road/ Block ratio (%) na 6 

Combined (Trail + Road)/ Block ratio (%) 19 36 

Trail layout efficiency  4% of block area has 
trails with < 20 m inter-

trail spacing 

100% of block area has an 
average inter-trail spacing of 

15 m 
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Figure 6. Trail layout in Trial A. 
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Figure 7. Trail layout in Trial B. 

 

Harvesting productivity and costs 

Harvesting productivities and costs are summarized in Table 5. Machine harvesting costs are 
calculated from stump to landing and do not include equipment transportation, log hauling, or 
planning costs. 
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Table 5. Harvesting costs 

 Trial A (50% Pl) Trial B (85% Pl) 

 
Feller-

buncher 
Grapple 
skidder 

Stroke 
delimber Loader 

Feller-
buncher Forwarder 

 

Processor 

PMH (h) a
 150 133 85 30 49 154 195 

SMH (h) b 207 180 90 45 64 173 233 

NPMH (SMH - PMH) c
 57 47 5 15 15 19 38 

Utilization (PMH/SMH) (%) 72 74 94 67 77 89 84 

Harvested volume (m3)  4746 4746 4746 4746 5369 5369 5369 

Owner costs (OW) ($/h)  52.56 30.32 43.46 53.57 52.06 49.63 46.33 

Operating cost (OP) ($/h)  127.28 93.06 98.77 126.17 135.19 103.98 101.68 

SMH machine cost ($/m3) d 7.84 4.68 2.70 1.70 2.32 4.95 6.42 

Total machine costs ($/m3 ) 16.92 13.69 
a 

PMH = Productive Machine Hours includes machine motion + short stops (< 15 minutes) 
b 

SMH= Scheduled Machine Hours is estimated as the combined total hours in the scheduled machine work days 
from the start to finish of harvesting 
c
 NPMH = Non-Productive Machine Hours calculated as SMH minus PMH represents the time a machine is 

available during a workday, but is not working (eg. repairs, maintenance, etc.)  
d SMH machine cost = (SMH x OW+OP costs) / harvested volume  

 

Results of the detailed-timing study for Trial A and Trial B are summarized in Table 6. 
Productivities for all Trial A machines and Trial B feller-bunchers were calculated by converting 
recorded minutes per tree to minutes per m3. Productivities for Trial B forwarders and processors 
were calculated by converting recorded minutes per log to minutes per m3. Detailed-timing 
measurements were relatively shorter in duration than shift-level timing and did not include 
lengthy travel times (travel between blocks, travel to maintenance areas, etc.) or short duration 
stops less than 15 minutes (standby times, etc.). This resulted in estimations of detailed-timing 
productivity (Table 6) being higher than estimations of overall shift-level productivity.   

Table 6. Detailed-timing for harvesting equipment. 
 

 Trial A Trial B 

 Average cycle 
times  

(min/tree) 

Productivity 
(min/m3) a 

Average cycle 
times  

(min/tree) 

Average 
cycle times 
 (min/log) 

Productivity 
(min/m3) a 

Feller-buncher 1.7 0.9 0.4   1.0 

Grapple skidder 3.5 2.1    

Loader 0.4 0.2    

Forwarder    0.3  1.9 

Processor  1.3 0.8  0.3  1.9 
a Average merchantable tree volume: Trial A = 1.6 m3/tree, Trial B = 0.4 m3/tree (2.5 logs/tree). 
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Harvesting damage 

Harvesting damage for Trials A and B are shown in Figure 8. Measurements of tree 
damage and understory loss are presented as proportional to the amount of original secondary 
structure present before harvesting. Severe tree damage classification includes a gouge into 
sapwood, a wound girdling more than 1/3 of stem circumference, or a wound on the supporting 
root within 1 m of the stem. Parameters for moderate and severe damage to the overstory trees 
were modified from the “acceptable” and “not acceptable” classifications for stand with a 
scheduled re-entry within 20 years, listed in the Tree Wounding and Decay Guidebook (British 
Columbia Ministry of Forests 1997). Lost understory stems were calculated as the proportion of 
damaged or missing stems per hectare of trees less than 12.5 cm dbh following harvesting.  

Damage to both overstory and understory was lower for Trial A. Also, since all damaged 
trees were found within 1.6 m of a trail, proximity to trail was determined as a factor in tree 
damage. The amount of non-pine that was harvested was directly related to the proportion of 
total trail area (Table 4). The total trail area for Trial A was 19% coinciding with 19% of the 
non-pine trees harvested. The total combined trail and road area for Trial B was 36% coinciding 
with 37% of the non-pine trees harvested.  

As expected, the study results indicated a trend where harvesting damage was inversely 
related to harvesting cost. Where the harvesting costs were higher (Trial A) the harvesting 
damage to both the overstory and understory was lower (Figure 8). Similarly, where harvesting 
costs were higher, the amount of non-pine that was harvested was also lower (Trial A). Trial A 
also had a lower proportion of trail/block area. These results suggest that an increased effort to 
protect secondary structure (careful harvesting technique, fewer trails, etc.) subsequently 
increases the harvesting costs.  

 

 

  

 

 

 

 

 

 

 

 

Figure 8. Harvesting damage vs harvesting cost.  
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Discussion 

The post-harvest canopy closure measurements indicate that the stand in Trial A 
contained considerably more mature non-pine trees before and after harvest than the stand in 
Trial B. The post-harvest stand in Trial B will require further natural regeneration or fill-planting 
to become a fully stocked stand. It is unlikely the younger regeneration in the Trial B stand 
would be able to outgrow the trees >1.3 m in height in the Trial A stand by the mid-term time 
period. This indicates the Trial A stand has the potential to provide a harvestable stand sooner 
than the Trial B stand. An adequate mid-term contribution of the Trial B stand depended on 
protecting virtually all of the secondary structure that was present before harvesting. However, 
regardless of how careful a partial harvesting is done there will inevitable be some damage and 
loss to the secondary structure. An estimation of these losses must be included in the pre-harvest 
assessment of the stand’s suitability for an MPB partial harvest treatment. If there is insufficient 
secondary structure present before harvest there will not be a viable opportunity to complete an 
MPB partial harvest that will leave a harvestable stand by the mid-term time period.    

Falling costs were higher in Trial A than Trial B. Both trials had highly experienced 
operators, but the partial harvesting experience for Trial B operators was not as recent as the 
operators in Trial A. The feller-bunchers in Trial A handled very large heavy trees (average size 
1.6 m3) with the added challenge of protecting the surrounding residual trees in a stand with a 
50% non-pine component and an abundant understory. The high individual harvested tree 
volumes in Trial A mitigated the lost productivity from the extra handling time. On the other 
hand, the feller-buncher operators in Trial B had shorter distances to travel between trees and 
easily handled the relatively smaller trees (average size 0.4 m3). Trial B operators also spent less 
effort on protecting surrounding trees since the pre-harvest stand had only a 15% non-pine 
component and relatively little understory.  

Processing costs for Trial A were relatively low compared to Trail B. The loader, by 
organizing the decking of logs at the landing, improved Trial A processor efficiency. Trial B 
processors travelled the entire block to process high numbers of low-volume trees “at the stump” 
while in Trial A, they remained at the landing and processed high-volume trees. Also, the CTL 
harvesting system used in Trial B required several more cuts per tree than the full tree length 
harvesting requiring used it Trial A. This combination of factors meant Trial B required a higher 
cycle time per tree to process the same volume of timber compared to Trial A. It is important to 
note that a certain level of increased processing cost in a CTL system is acceptable because of 
the lower log transport and mill processing costs resulting from processing trees on site. 
However, the relatively large on-site work area required to process and sort trees at the stump in 
Trial B resulted in a higher level of understory damage and loss compared to Trial A.  

The most important cause of damage to secondary structure was directly related to the 
total area of trail coverage on a cutblock. Virtually all secondary structure is removed (felled) or 
severely damaged on a trail so keeping the number of trails to a minimum will reduce overall 
overstory and understory damage. Factors influencing the number of trails on a block include the 
amount, distribution, and proportion of pine in the stand, the type of equipment and harvesting 
system, and pre-harvest trail layout efficiency. The level of soil disturbance on the trails is 
related to the type of equipment and how much machine traffic the trail sustains. Soil disturbance 
is also impacted by soil type and ground conditions during the harvesting season. Neither of the 
trials was harvested during the winter season, but winter ground conditions could have further 
reduced soil disturbance (Henderson 2001, Macdonald 1999). Trial A trail layout was relatively 
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efficient with only 4% of the total block area containing trails spaced less than 20 m apart. Trial 
B contained a loop road within the block to increase the productivity of the extraction phase and 
had an average inter-trail spacing of 15 m. The inter-trail spacing of 15 m produced 
approximately 1.3 ha more total trail area than a 20 m inter-trail spacing would have produced on 
the 25.9 ha block. This means there was an additional 5% of the original secondary that could 
have been protected by increasing the inter-trail distance. Harvesting damage was inversely 
related to harvesting cost (Figure 9). Increasing the effort put into protecting secondary structure 
subsequently increased the harvesting costs.  

The results of these trials as well as some earlier Feric trials in this project will be 
published in a Feric Advantage Report compiled as a series of case studies.  

Conclusions and management implications 

Several factors contribute to providing a post-harvest residual stand that contains 
sufficient secondary structure to contribute to the mid-term timber supply. The pre-harvest stand 
must have enough secondary structure to allow for some inevitable losses due to removal of non-
pine trees, and harvesting damage to the remaining overstory and understory. Since all trees on a 
trail must be removed, the proportion of non-pine trees that will be harvested will be very similar 
to the proportion of the block area that is covered by trails. All understory trees located on trails 
will also be lost, and there will be additional losses from harvesting damage. The amount of 
leave-tree damage will vary depending on several factors including the density of mature non-
pine trees, the harvesting method, and the care taken by the equipment operators. The harvesting 
equipment and systems must be appropriate to the stand type. For example, larger equipment 
may actually provide better protection when handling larger trees and CTL processing at the 
stump can cause considerable damage to the understory due to the additional on-site work area 
required.  

Harvesting productivity and costs are affected by piece size, harvest volumes, machine 
travel times, harvesting system, equipment utilization, and the time and effort spent on secondary 
structure protection. The harvesting system and equipment combination affects the efficiency of 
the harvesting phases and their subsequent cost ($/m3). Efficient coordination of machine 
activities will reduce standby times and reduce costs. There must be enough trails to access all of 
the timber, but trails should be spaced apart at least twice the boom reach of the harvesting 
equipment (feller-buncher, harvester, etc) to keep the number of trails to a minimum. 
Incorporating a loader at the landing in full tree length harvesting systems may increase 
efficiency for the skidding and processing phases and reduce overall costs. It may also be more 
efficient for lowering processor cost and increasing secondary structure protection to skid full 
tree length and process at landings or road side rather than processing trees at the stump. 
However, some additional time, and landing or roadside area may be required for log sorting 
purposes.  

The study results indicate that protecting secondary structure is operationally feasible 
while harvesting MPB-killed pine, but several factors must be considered in order to ensure a 
desirable post-harvest stand that will contribute to the mid term timber supply is retained in a 
cost-effective manner. A candidate block must first be identified as having the potential for a 
successful partial harvest, and then field-surveyed to ensure it has enough secondary structure to 
provide a fully stocked post-harvest stand. Employing the secondary structure decision matrix 
(Appendix 2) can assist in this process and will provide some site specific harvesting options to 
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consider. The inevitable overstory and understory losses resulting from harvesting need to be 
included in the initial pre-harvest survey assessment. Trail layout must be efficient to minimize 
total trail area. Harvest plans must have clearly defined and achievable targets for secondary 
protection appropriate for the cut-block. Finally, the contractor and operators must clearly 
understand the harvesting treatment objectives and be highly motivated to achieve them.  
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Appendix 1: Machine costs ($/scheduled machine hours) a 

  Trial A Trial B 

Ownership Costs 
Feller-

buncher 
Grapple 
skidder 

Stroke 
delimber Loader 

Feller-
buncher Forwarder 

Dangle-head 
processor 

   Purchase price (P)   $ 
b
  520 000 300 000 430 000 530 000 515 000 491 000 458 333 

   Expected life (Y)   y 7 7 7 7 7 7 7 

   Expected life (H)   h 12 000 12 000 12 000 12 000 12 000 12 000 12 000 

   Scheduled hours/year (h)=(H/Y)   h 1620 1620 1620 1620 1620 1620 1620 

   Salvage value as % of P (s)   % 25 25 25 25 25 25 25 

   Interest rate (Int)   % 7.0 7.0 7.0 7.0 7.0 7.0 7.0 

   Insurance rate (Ins)   % 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

   Salvage value (S)=((P*s/100)   $ 130 000 75 000 107 500 132 500 128 750 122 750 114 583 

   Average investment (AVI)=((P+S)/2)   $ 325 000 187 500 268 750 331 250 321 875 306 875 286 458 

   Loss in resale value ((P-S)/H)   $/h 32.50 18.75 26.88 33.13 32.19 30.69 28.65 

   Interest ((Int*AVI)/h)   $/h 14.04 8.10 11.61 14.31 13.91 13.26 12.38 

   Insurance ((Ins*AVI)/h)   $/h 6.02 3.47 4.98 6.13 5.96 5.68 5.30 

   Total ownership costs (OW)   $/h 52.56 30.32 43.46 53.57 52.06 49.63 46.33 

         

Operating Costs        

   Fuel consumption (F)   L/h 32.5 25.0 20.0 35.0 45.0 25.0 25.0 

   Fuel (fc)   $/L 1.1 1.1 1.1 1.1 1.1 1.1 1.1 

   Lube & oil as % of fuel (fp)   % 15 15 15 15 15 15 15 

   Annual tire consumption (t)   no. 0 1 0 0 0 1 0 

   Tire replacement (tc)   $ 0 2500 0 0 0 3200 0 

   Track & undercarriage replacement (Tc)   $ 25 000 0 28 000 30 000 16 000 0 16 000 

   Track & undercarriage life (Th)   h 6000 0 4500 4500 4000 10 000 4000 

   Annual operating supplies (Oc)   $ 12 000 5000 5000 5000 0 0 0 
   Lifetime repair & maint cost as % of purchase 
   price  80 80 80 80 80 80 80 

   Lifetime repair & maintenance (Rp) $  [0.8 * P)] 416 000 240 000 344 000 424 000 412 000 392 800 366 667 

   Shift length (sl)   h 9 9 9 9 9 9 9 

   Total wages (W)   $/h 28.02 25.83 24.91 25.83 28.02 26.42 24.91 

   Wage benefit loading (WBL)   % 35 35 35 35 35 35 35 

   Fuel (F*fc)   $/h 35.75 27.50 22.00 38.50 49.50 27.50 27.50 

   Lube & oil ((fp/100)*(F*fc))   $/h 5.36 4.13 3.30 5.78 7.43 4.13 4.13 

   Tires ((t*tc)/h)   $/h 0 1.54 0 0 0 1.98 0 

   Track & undercarriage (Tc/Th)   $/h 4.17 0.00 6.22 6.67 4.00 0.00 4.00 

   Operating supplies (Oc/h)   $/h 7.41 3.09 3.09 3.09 0 0 0 

   Repair & maintenance (Rp/H)   $/h 34.67 20.00 28.67 35.33 34.33 32.73 30.56 

   Wages & benefits (W*(1+WBL/100))   $/h 37.83 34.87 33.63 34.87 37.83 35.67 33.63 
   Prorated overtime (((1.5*W-W)*(sl-
8)*(1+WBL/100))/sl) 2.10 1.94 1.87 1.94 2.10 1.98 1.87 

   Total operating costs (OP)   $/h 127.28 93.06 98.77 126.17 135.19 103.98 101.68 

Total Owner and Operating Costs (OW+OP) $/h 179.84 123.39 142.24 179.74 187.24 153.61 148.01 
 

a 
These costs are based on Feric’s standard costing methodology for equipment ownership and operating costs and 

do not include indirect costs such as crew and machine transportation, overhead, profit and risk. Replacement part 
costs are estimations and may vary from actual costs. These are not the actual owner and operating costs incurred 
by the contractor. 

b
 Purchase price of machines (P) is estimated as  the average new purchase value of the equipment type used on the 

trial. 
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Appendix 2: Secondary Structure Decision Matrix by Ken Hodges, RPF.  
 

The strategy of secondary structure management is not a new concept, but in today’s world, a 
prudent and wise option for reconsideration. Not only is there a potential for future timber harvest, but 
there are additional biological benefits such as course woody debris, improved biodiversity, wildlife 
habitat, improved forest health; social benefits in the form of future employment and community 
stability; economic considerations in recovery of non recoverable losses, revenue for the Crown and 
disposable incomes for communities; and global benefits with carbon sequestering and earlier harvest of 
species allowing prompt actions for future crops and climate change. 
 

The main focus for managing secondary structure is to assist in off-setting the “fall down” of 
the annual allowable cut (AAC) within the mid term timber supply (MTTS) period. The fall down is 
predicted to occur in 5 to 15 years and could last up to 70 years from present. One strategy to assist in 
off-setting the MTTS fall down is in the protection of presently growing trees that have the potential to 
contribute harvestable timber during the mid-term time period. These trees, known as secondary 
structure, can be considered as any tree that will likely survive a mountain pine beetle attack in an MPB-
killed stand. Secondary structure that can contribute to the MTTS will need to out-grow a plantation 
within the mid-term time period.   
 

The first step in an effective secondary structure management strategy is to recognize the need 
for its contribution to the near future timber supply. Then strategic action must be taken to manage any 
block proposed for harvesting that contains a threshold level of secondary structure. The process starts 
with harvest planning of priority areas followed by field surveys and data collection. The key factors for 
assessing the options for stand management are species composition, forest health factors, windthrow 
hazard, stand structure, stem distribution, and stem densities prior to harvesting. The post-harvest 
secondary structure should be of sufficient numbers and size to out-produce a plantation within the 
period of the mid term timber supply. The pre- and post-harvest numbers used within the secondary 
structure decision matrix follow the current free growing stocking standards with a minimum volume 
noted for mature trees. The larger trees (sapling, poles and mature trees) have the greatest influence on 
the mid term timber supply. Growth models indicate these trees will out grow a plantation and more 
effectively address the MTTS needs. Note that current proposed secondary structure legislation takes a 
conservative approach of requiring an ecologically acceptable understory of 700 well spaced stem per 
hectare that are six metres in height or taller; or 900 well spaced stems per hectare of four metres in 
height or taller.   
 

Once the information has been gathered and assessed, a decision can then be made considering 
one of the following four strategies. 

 
1. Option one is identified as no harvesting. This option may be based on several factors including 

strategic decisions, other resource value benefits, one of a few areas with sufficient understory 
present within an operating area, or a high percentage of non pine present within the stand.   

 
2. Harvest option two provides for stand structure where partial harvesting is a reasonable option 

while protecting the non-pine overstory. The benefit of this system is a positive impact on the 
early part of the MTTS, growth release for mature and understory trees, and protection from 
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exposure of the understory. Note, that the level of non-pine overstory retention may be more 
than 50% of the stand and >150 m3/ha of mature volume. 

 
3. Harvest option three is directed at stands where partial harvesting is not practical due to low 

levels (<50%) of non-pine that would result in a post-harvest stand environment with significant 
windthrow risk and would likely not contribute to the MTTS. The focus then is to manage the 
understory levels with some protection of the overstory for non-MTTS purposes. Note that the 
trees retained may be a mixture of pine and/or non-pine species. 

 
4. Harvest option four is used where understory is distributed in patches less than 5 hectares in 

size throughout the block. Within this option there are several factors that should be considered 
prior to harvest. This may include levels of mature pine and non-pine species mixes, strategic 
planning, etc. Some of the harvesting options include protection of the understory or overstory 
patches, protection of mature non-pine trees for a later harvest within the MTTS time period, or 
partial harvest of dead pine while protecting both the understory for MTTS and the non-pine 
overstory for other values. If there is greater than 50% pine in the stand, there is a need to 
address the economic thresholds for logging vs. not logging. 

 
For successful management of a secondary structure program it is important that all the steps 

are completed including data collection, understanding of secondary structure management, layout, and 
equipment selection. However, the key factor in the success of secondary structure is the passion for the 
process by the equipment operators and all involved. As operators become more experienced with 
partial harvesting and understory protection, efficiencies are gained, strategies are improved, and costs 
are reduced. The attached flow chart provides a summary of the decision process for the management of 
secondary structure.  For further information about the secondary structure decision matrix contact Ken 
Hodges (Ken.Hodges@gov.bc.ca).  
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Appendix 2: Secondary Structure Decision Matrix by Ken Hodges, RPF. (continued) 

 
Ken Hodges, RPF 


