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Abstract 
During early 1994, Westem Forest Products Limited, with assistance from the British Columbia Ministry of Forests 
(BCMOF), tested helicopter and manual methods for topping and pruning trees to create windfirmness in a streamside 
buffer on northern Vancouver Island. The Forest Engineering Research Institute of Canada (FERIC) monitored the 
trial to document the treatment methods, determine their productivities and costs, and identify key factors which 
influenced their feasibility and effectiveness. This report describes the results of the trial. 
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Summary 
Western Forest Products Limited proposed a trial to 
create a more windfirm streamside buffer adjacent to 
the Keogh River west of Port McNeill, British Columbia. 
The goal of the trial was to assess the cost and effectiveness 
of several altemative topping and pmning treatments, 
performed either manually or by helicopter. Westem 
Forest Products, the Forest Engineering Research 
Institute of Canada (FERIC), and the British Columbia 
Ministry of Forests (BCMOF) cooperated in the study. 

FERIC's objectives were to document and report on the 
procedures followed, costs, productivities and 
operational feasibilities of the treatment options. The 
Fandrich Aerial Shear and the Fandrich Branch Collector 
were used for the aerial topping and pmning treatments, 
respectively. Workers climbed trees, then topped or 
pmned trees with chainsaws for the manual treatments. 
The objective for all treatments was to remove 20-30% 
of the crown, or sail area, in order to reduce the risk of 
windthrow. 

The study site consisted of one old-growth and one 
second-growth stand. Three aerial treatments were 
applied to the second-growth stand: topping of the first 
row of trees adjacent to the cutblock; topping of all 
dominant and co-dominant trees; and pmning of all 
dominant and co-doriiinant trees. The aerial treatments 
were not effective as average reductions in sail area 
were only 1 %, 2%, and 4% respectively. Three manual 
treatments were applied to the second-growth stand: 
topping of all dominant and co-dominant trees; pmn
ing the lower crown of all dominant and co-dominant 
trees; and pruning the mid-crown (i.e., creating a 
"window") of all dominant and co-dominant trees. The 
average reductions in sail area for these treatments were 
19%, 79% and 34%, respectively. Manual topping was 
the only treatment applied to the old-growth stand, and 
this achieved an average sail area reduction of 23%. 
Because it was difficult for the tree climber to estimate 
the amount of crown removed during treatment, removal 
levels for all manual treatments ranged widely. 

While the Fandrich Branch Collector was able to pmne 
westem hemlock trees with their very narrow tops, it 
was ineffective at pmning the stiff-branched and bushy 
amabalis fir. The Fandrich Aerial Shear also was 
ineffective at topping the amabihs fk. 

The aerial treatments were much faster than the manual 
treatments. The time per tree averaged less than 2 mm for 
the aerial treatments, compared to 23-46 min/tree for 
the manual treatments. The average cost per tree av
eraged $21-27 for the aerial tireatments and $45-89 for 
the manual treatments. 

Wind conditions restrict when treatments can be carried 
out. Manual pmning was possible in slightly windier 
conditions than manual topping. Aerial treatments are 
also affected by wind, but during the trial these treatments 
were conducted on a relatively calm day. 

Manually pmning a window was slower than manually 
pmning the lower crown. This was mostly due to the 
extra time required to clear limbs that hung up in the 
lower unpmned crown. 

The more experienced of the two climbers was noticeably 
faster during both topping and pmning. The practice of 
swinging to the next tree with ropes was faster than 
climbing and descending every tree with a belt and 
spurs. Climbers were able to swing a maximum of 10 m 
directly to the next tree. 

Minimal or no damage to the st£uid occurred from the 
treatments. Debris from the manual treatments created 
obstacles which hindered walking on the site after 
treatment. 

If topping and pruning are to be applied to a large 
number of trees, some mechanization of the process is 
desirable to reduce costs and increase productivity. The 
aerial methods tested hold proniise but require more 
development before they can be considered operational. 
A device capable of removing a much larger portion of 
the crown is necessary for aerial treatments to meet the 
crown removal objective or match the effectiveness of 
the manual treatments. 

Time and cost per tree could be reduced considerably 
for the aerial treatment methods if the tops and limbs 
were not collected. Unloading time and travel time 
between the treatment area and dump site could be 
reduced or eliminated. Without the need to support the 
cut limbs or tops with the heUcopter, it may be possible 
to develop a heavier shear or pmning device capable 
of removing larger portions of the crown. Such a 
device should only be used if cut limbs or tops do not 
hang up in the canopy and create hazards. 



INTRODUCTION 
In 1994, the Coastal Fisheries/Forestry Guidelines 
(BCMOF 1993) required forest companies in coastal 
British Columbia to maintain a stable, 10- to 30-m-wide 
undisturbed reserve strip, termed a Streamside 
Management Zone (SMZ), along fish-bearing stream 
reaches when harvestmg adjacent tunber. The requirement 
is continued, with modifications, under the Forest 
Practices Code in the form of Riparian Management 
Areas (RMAs) (BCMOF 1995). To reduce the risk of 
windthrow in RMAs, companies are experimenting 
with a variety of techniques to lessen exposure to 
damaging winds and/or improve the windfirmness of 
trees within the reserve strip. 

Manual topping and pruning of trees are commonly 
done in residential areas to improve the-windfirmness 
of individual trees or groups of trees, and may have 
application to streamside buffers. However, manual 
topping and pmning are regarded as hazardous, labour-
intensive and expensive practices. For these reasons, 
only two previous trials in streamside buffers in coastal 
British Columbia had been attempted before this study. 
Both occurred on northem Vancouver Island: at Akan 
Creek in the Tsitika valley in 1991, and Nahwitti River 
in 1992-93. Although both trials are too recent to assess 
the long-term effectiveness of the treatments, FERIC 
visited these sites in 1994 and observed that no 
windthrow had yet occurred in the treated buffer strips. 

Western Forest Products Limited proposed the trial 
described in this report. The trial site was a streamside 
buffer adjacent to the Keogh River west of Port McNeill, 
B . C . The goal of the trial was to assess the cost and 
effectiveness of several altemative topping and pmning 
treatments, performed either manually or by helicopter. 
Western Forest Products, the Forest Engineering 
Research Institute of Canada (FERic), and the British 
Columbia Ministry of Forests (BCMOF) cooperated 
in the study. This report presents the costs and 
productivities obtained for the treatment options and 
discusses the operational feasibility of each. 

OBJECTIVES 
Although both topping and pmning are recommended 
in hterature on reducing windthrow risk, no information 
is available on when to use which method. Little is 
known as to which method is more effective, which is 
cheaper, and how many trees must be treated in order 
to stabilize a stand. 

The goal of this study was to evaluate the feasibility, 
cost, and effectiveness of heUcopter and manual methods 

of topping and pruning streamside trees to create a 
wmdfirm buffer. Specifically, FERIC's objectives were to: 

• Describe the treatments and the procedures used 
to implement them. 

• Estimate levels of crown reduction achieved for 
each treatment. 

• Determine the productivity and cost of each 
treatment. 

• Identify key factors influencing the efficiency 
and/or feasibility of each treatment. 

A secondary objective for FERIC was to develop a 
systematic monitormg program to help Westem Forest 
Products assess the long-term effectiveness of the various 
topping and pmning treatments. 

STUDY SITE 
The study site is 18 km west of Port McNeill, within 
Westem Forest Product's Tree Farm Licence 25. The 
S M Z treated in this trial is approximately 30 m wide 
and 700 m long (Figure 1). The SMZ borders a Class A 
reach of the Keogh River (Figure 2) which is frequently 

Figure 1. Streamside ittanagement zone. 

Figure 2. The Keogh River. 



fished by sport anglers. A block of timber adjacent to the 
SMZ was clear cut hi 1993, usmg excavator-forwarding. 

Two distinct timber types occur within the buffer. The first 
type (Stand One) consists of dense, uniform and thrifty 
86-year-old westem hemlock (Tsuga heterophylla). This 
stand origmated in 1908 after a major windstorm m 1906, 
and occupies the central and westem portions of the buffer. 
The western and eastern ends of this stand contain 
scattered old growth. The second type (Stand Two) is a 
multi-storied, old-growth stand consisting of mature to 
overmature westem hemlock, amabiUs fir (Abies amabilis) 
and occasional Sitka sprace (Picea sitchensis), as well as 
advanced regeneration and snags. In this study, die buffer 
was divided into seven treatment units (Units 1-7). Units 
1-6 were located within Stand One, and Unit 7 was 
located within Stand Two (Figure 3). Tables 1 and 2 
summarize the stand characteristics of the buffer. 

Scattered windthrow that occurred before and after the 
adjacent cutblock was harvested was present in both 
stands. As well, extensive windthrow occurred in the 
area between Units 6 and 7 since harvesting m late 1993 
and prior to this trial. 

The biogeoclimatic ecosystem classification for the 
study site is the Submontane Very Wet Maritime 
Coastal Western Hemlock Variant ( C W H v m l ) , 
signifying a wet, humid climate with high precipitation, 
cool summers and mild winters (Green and Klinka 
1994). Soils throughout the trial site are sfMbm, indi
cating a sandy texture, fan surface expression, morainal 
genetic material, and deep, fine-textured silty to sandy 
loams (E.L.U.C. 1978). Sideslopes range from 0-5%. 

The strong winds and heavy rains experienced in the 
area, combined with the site's high water table and 
sandy soil, make the trees very susceptible to 
windthrow. The rooting of trees on the mounds of 
historic windthrow also contribute to windthrow risk. 
Openings created by adjacent powerline and highway 
right-of-ways probably serve to increase the wind speed 
and direct wind into the buffer strip. Intertree 
dampening, especially in the dense 86-year-old hemlock 
stand, helped stabilize the trees before harvesting. 
When the adjacent block was harvested, the protection 
and support provided by neighbouring trees were 
removed, exposing the trees remaining in the narrow 
buffer to the full force of the wind. 

I 1 1 1 1 1 1 
0 100 200 300 

Approximate scale in metres 

Heavy windthrow 

^ Standing timber 

Q Logged areas 

r~l stand 1 

• Stand 2 

1 - 7 Treatment units 

Figure 3. Detailed map of study site showing treatment units. 



Stand One Stand Two 

Area (ha) 1.52^ 0.43 

Age (yr) 86 250+ 
Merchantable volume (m /̂ha) 795 795 
Snags/ha (no.) 40 40 
Species distribution by number of trees (%) 

amabilis fir 12 8 
western hemlock 86 75 
Sitka spruce 2 17 

Stand density (trees/ha)' 322 209 
Dbh—diameter at breast height (cm) 48 55 
Height (m) 44 46 
Live crown (%) 40 51 

Includes 0.14 ha of heavy windthrow excluded from the treatment units. 
From cruise of adjacent block. 

Table 2. Stand Characteristics by Treatment Unit 

Unit 

1 2 3 4 5 6 7 

Stand Type HB551&vets HB551 HB551 HB551 H(B)551 HB(S)551&vets HB(S)951 
Prescription aerial top aerial top aerial prune none manual top manual prune manual top 

1 St row dominant & dominant & dominant & dominant & dominant & 
co-dominant co-dominant co-dominant co-dominant co-dominant 

Area (ha) 0.47 0.13 0.12 0.15 0.23 0.28 0.43 
Stand composition 

Trees/ha (no.) 24? 328 360 692 406 166 209 
westem hemlock 199 255 270 615 406 138 157 
amabUis fir 50 73 90 77 0 0 17 
Sitka spnice 0 0 0 0 0 28 35 

Height (m)'' 
range 41-55 39-49 39-50 44-45 26-52 27-50 23-55 
mean 48.4 44.6 45.8 44.8 40.1 41.0 46.3 

Dbh (cm)'' 
range 38-142 31-105 28-74 22-92 20-94 17-136 21-116 
mean 81 56 52 46 53 58 75 

Recent windthrow (no.) 
trees 8 3 3 4 1 5 11 
trees/ha 17 23 25 27 4 18 26 

^ From FERIC plots. 
Includes treated trees and trees measured in FERIC plots. 
Post logging but pre-treatment; includes trees blown over completely, leaning, and with snapped stems. There were also an additional 
15 trees where undermining by the river contributed to their fall. These figures do not include the area of heavy windthrow between 
Units 6 and 7 where 26 trees had blown over. 

TREATMENTS 

Rationale for Topping and Pruning 

Topping and pruning reduce the crown of a tree, and 
thereby reduce the area exposed to the wind (i.e., 
the "sail area"). This reduction in sail area in turn 

reduces the force exerted on the tree by the wind 
(Rollerson and Butt 1993). 

Topping and pruning reduce windthrow risk in similar 
ways. When a portion of the tree's crown is removed, 
the wind acts upon a smaller area, thereby reducing the 
force on the tree. The force is reduced proportional to 



the area removed, assuming the wind's energy is 
transferred equally to the tree. In fact, this assumption 
is not entirely correct because the tree is deformed by 
the wind force. Smaller, flexible branches deform more 
than larger, stiffer branches, and this allows the wind 
to "spi l l off" the tree. Therefore, more energy is 
transferred to the tree by the larger, stiffer branches and 
stem than by the smaller, more flexible branches and top. 

Simply described, the moment (or torque) caused by wind 
and acting to overturn a tree is equal to the wind force 
acting on the tree's centroid (the point where the force is 
considered to act) times the moment arm (the distance 
from the centroid to the axis about which the tree will tend 
to rotate). The size of the sail area removed and the height 
above the ground where the removal is made will determine 
the reduction of the overturning moment. Figure 4 
illustrates how some of the various forces act upon a tree. 

Topping is the most efficient treatment from a 
mechanical aspect and reduces the overturning moment 
in two ways. First, topping reduces the sail area, thereby 
reducing wind force acting on the centroid. Second, 
topping lowers the tree's centroid, shortening the moment 
arm. Pruning the lowest portion of the crown reduces 
the wind force acting on the centroid, but raises the 
centroid and increases the moment arm. Pruning a 
"window" in the middle portion of the crown has little 

effect on the position of the centroid and length of the 
moment arm. The reduction in moment results mainly 
from the reduced force acting on the centroid. 

Other considerations for choosing topping or pruning 
include tree health, esthetics, speed and skill. Pruning 
provides a smaller area for infection by insects or 
pathogens and has the least effect on a tree's appearance. 
Topping is the fastest treatment but requires more skill 
to be done safely. 

Treatment Objectives and Description 
The Windthrow Handbook for Brit ish Columbia 
suggests that "reducing the crown by 20-30% appears 
to be adequate to reduce the risk of windthrow for most 
trees" (Stathers et al. 1994). The removal of no more 
than one-third of the crown area is recommended be
cause removal of amounts greater than one-third 
may damage the tree's health. Therefore, the overall 
goal for this trial was to remove one-third of the crown 
area of each treated tree (Figure 5). 

The aerial topping treatments were applied to Units 
1 and 2, and manual topping was used for Units 5 and 7. 
The aerial pruning treatment was applied to Unit 3, 
and manual pruning was used for Unit 6. Unit 4 was 
the untreated control area. 

Factors Affecting 
Applied Forces 

Wind speed 
Crown size 

Crown density 

Crown mass 
Stem mass 

Stem elasticity 

Tree height 
Tip displacement 

Wind 

Torque 

Stem 
resistance 

Root-soil 
resistance 

Factors Affecting 
Resisting Forces 

Wood strength 
Wood elasticity 
Stem thickness 

Root-soil weight 
Soil shear strength 

Root strength 

Figure 4. Factors affecting the forces that act on a tree (adapted from Stathers et al. 1994). 
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Remove 1/3 of the crown area 

Aerial Topping — Units 1, 2 
Manual Topping — Units 5, 7 
Aerial Pruning — Unit 3 

Manual Pruning — Unit 6 
a) from base of crown 
b) window 

Figure 5. Treatment objectives. 

In most of the treatment units, only dominant and 
co-dominant trees were treated. The exceptions were 
Units 1 and 4. In Unit 1, aerial topping was applied to 
the first row of trees adjacent to the cutblock. Unit 4 
was the untreated control area. In Stand One, the trees 
were generally uniform in height so as many trees as 
possible were treated. Because Stand Two was 
multi-storied, with trees of varying heights, the number 
of dominant and co-dominant trees was much less. 

Unit 1 included all of the 1908 old-growth mixed forest 
on the west end of Stand One. Units 2-6 were sized to have 
at least 30 treatable trees each and to have approximately 
equal lengths of creek and cutblock frontage. 

After observing the aerial equipment being used in 
Stand One, it was evident that the aerial equipment 
would not be effective on the large trees within Stand 
Two. Due to its small area, only one treatment— 
Treatment 7, manual topping—was prescribed for 
Stand Two. 

STUDY METHODS 
Prior to treatment, FERIC mapped the buffer using hand 
compasses and nylon chains. FERIC recorded the 
location, species, direction of fa l l , and, where 
possible, the cause of fall of all existing downed or 

leaning trees (Appendix I). FERIC also installed 
sample plots to determine stand densities and tree 
characteristics, including species, defects, diameter 
at breast height (dbh), crown class, total height, height 
to live crown, and width of live crown base. 

A l l cycle elements (Appendix II) of the topping and 
pruning operations were detail-timed with stopwatches 
or a data logger. In addition, during the aerial topping 
treatments, the length and diameter of each top removed 
were measured at the dump site; species of the top removed 
was recorded; and number of tops removed per turn 
was counted. During the aerial pruning treatments, 
the number of trees pruned per tum was counted. Also, 
after the aerial pmning treatment was completed, a 
visual estimate was made on each tree pmned to assess 
the proportion of limbs removed from the length pmned. 

The trees treated manually were numbered with paint. 
Removed tops were labelled with the corresponding 
numbers, and the limbs removed from each pmned 
tree were counted. The lengths and diameters of the 
tops removed manually were measured. For both 
aerial and manual pmning treatments, the lengths of 
the pmned portions of the trees were measured using 
a chain and clinometer. 

The short duration of this study did not allow for 
treatment effectiveness to be evaluated in terms of 



stabil izing the buffer. As a short-term measure, 
windfirmness was considered achieved i f 20-30% of 
a tree's crown was removed. The original sail area was 
calculated using the tree height, height to base of live 
crown, and width of live crown at base measurements. 
L i v e crown width base was determined using a 
relationship between width of live crown base and dbh, 
developed from the plot data. The crown was assumed 
to be triangular. Crown reduction was estimated by 
measuring the crown length topped or pruned, and cal
culating the sail area removed. 

Sail area removed was calculated using the measured 
length of crown topped or pruned, measured position 
of topped or pruned length within total crown length, 
and calculated original crown shape and dimensions. 
The shape of the sail area removed was assumed to be 
triangular or trapezoidal, depending on its position in 
the crown. Voids were considered to be equally 
distributed throughout the crown and therefore did not 
affect the proportion calculation. While the calculated 
sail area removed is not an accurate estimate of the absolute 
area, it estimates the proportion of crown removed and 
therefore can be used to compare the relative effectiveness 
of the different treatments in meeting the objective of 
one-third crown reduction. 

During aerial topping, individual tops could not be 
identified by tree. An average top size for each species was 
used to calculate the proportion of crown removed fi-om 
each tree. 

After treatment, treated trees were surveyed to 
determine their characteristics. Tree species, dbh, 
height, and height to base of live crown were recorded, 
as well as horizontal distances between manually 
treated trees. Damage to residual trees caused by topping 
and pruning activities was assessed. A l l trees in the 
buffer were examined for scars through the bark and 
bent or broken stems. Damaged trees were tallied and 
scar dimensions were measured. 

Field data were summarized by treatment unit and 
analyzed to determine productivity, cost, and effectiveness. 
Costs were calculated using standard FERIC costing 
procedures and assumptions (Appendix III). Hourly 
rental rates and fliel costs for flie helicopter and attachments 
were provided by West Coast Helicopters Limited and 
Fandrich Cone Harvesters Limited. Manual treatment 
labour costs were estimated using the current IWA faller 
labour rate with a 35% benefit loading. The costs do 
not include supervision, profit or overhead, and are not 
the actual costs experienced by the contractors or com
panies involved. 

EQUIPMENT AND WORKING 
TECHNIQUES 

Aerial Topping 

Aerial topping was done using a Eurocopter Astar 350B 
helicopter (with a rated working load of 681 kg) 
equipped with a Fandrich Aerial Shear (Figure 6). The 
shear consisted of a fiberglass cone equipped with a 
hydraulic shear that was powered by a small gas 
engine. The unit weighed about 195 kg and was 
suspended fi-om the helicopter cargo hook with 9-m cables. 
Electrical control wires were connected to a solenoid-
activated hydraulic control valve. Limi t switches 
controlled the closing and opening of the cutting arm. 

The operating procedure consisted of the following 
steps. The engine of the shear was started prior to lifl-off. 
The pilot positioned the helicopter above a tree and 
lowered the shear by lowering the helicopter. The 
resistance fi-om the tree's branches limited the downward 
travel of the device and determined the length of the 
top that was removed. The pilot activated the shear's 
cutting action using switches on the helicopter's control 
stick, and the severed top dropped into the collecting 
basket mounted beside the cone. Treetops accumulated 
in the collecting basket until maximum payload was 
reached, at which time the helicopter flew to the dump 
site and emptied the basket. 

The dumping mechanism consisted of an off-centre 
hinged support under the collecting basket and a 
remote-controlled latch. When the latch was released, 
the loaded basket rotated to a vertical position to dump 
the load. The pilot initiated dumping by activating a 
switch on the helicopter's control stick. A n electrical 
cable, connected to the helicopter with a standard 
four-pronged'trailer plug coimection, transmitted the 
dump signal to the latch mechanism. When empty, the 

* ^ 

Figure 6. Fandrich Aerial Shear topping a tree. 



basket rotated back to the horizontal position, closing 
the latch. The dumping mechanism could also be 
activated manually from the ground by pulling on 
a rope to release the latch. 

The dump site used for both the aerial topping and 
pruning treatments was located at the haul road in the 
adjacent cutblock. The average flight distance to the 
dump site was approximately 150 m. 

Manual Topping 
A crew consisting of a tree climber and a groundperson 
performed all of the manual topping and pruning 
treatments. The equipment used were lightweight 
chainsaws, a climbing belt, spurs, and mountaineering 
ropes, harnesses and hardware. Both crew members 
had extensive experience in rock clipabing and in 
residential tree pmning and topping. Basic mountaineer
ing procedures, adapted for tree-climbing applications, 
were employed to climb and move between trees and 
prevent falls. 

In topping operations, the treetop's direction of fall was 
carefully controlled to ensure the climber's safety, and 
to ensure the top landed within the buffer and not in 
the stream. The direction of the fall could usually be 
controlled by removing limbs on the opposite side of 
the intended fall direction and using an undercut. 
Occasionally, a rope was attached to the treetop and fall 
direction was controlled by the groundperson. After the 
tree was topped, a sloped cut was made on the exposed 
stem to prevent water accumulation. 

The equipment and working techniques used to manually 
top the old-growth trees in Stand Two were the same as 
those used for the second-growth trees in Stand One. 
However, the treated old-growth trees were spaced much 
farther apart than the treated trees of Stand One. It was 
necessary to climb most of the old-growth ti-ees with a belt 
and spurs, rather than swing to the next tree from an 
adjacent treated tree, as was possible m most of Stand One. 

Aerial Pruning 
A e r i a l pruning was done using the same Astar 
helicopter, but the attachment used was a Fandrich 
Branch Collector. The branch collector had no moving 
parts and consisted of a fiberglass cone with cutting 
knives mounted inside narrow openings (Figure 7). The 
cone was surrounded by a coUectmg basket. The branch 
collector was positioned over the target tree and 
lowered in the same manner as the aerial shear. It 
moved horizontally until the branch entered a cutting 
slot and made contact with the knives. The device was 
then lifted by the helicopter and the branches were 

Figure 7. Fandrich Branch Collector. 

sheared as the helicopter rose. Cut branches accumulated 
in the collecting basket and were unloaded at the dump 
site when the basket was full. 

To dump the branches, the pilot lowered the branch 
collector to permit die ground crew to hook the collecting 
basket to cables hanging from the helicopter. By pulUng 
the cables, the pilot separated the collecting basket from 
the cutting cone, allowing the branches to drop from 
the bottom of the device. 

Manual Pruning 
Manual pruning was performed using the same 
equipment and similar techniques as for manual topping. 
The climber started at the bottom of the first tree in a 
group and cUmbed with a belt and spurs, pmning on 
the way up. On subsequent trees, which were reached 
by swinging with ropes, the climber ascended to the top 
of the section to be pmned, placed the climbing rope 
over a Hmb, and pmned limbs while being lowered by 
the groundperson (Figure 8). Two manual pmning pat
terns were used in this trial: removing the lowest third 
of the crown, and creating an opening or "window" in 
the middle to upper part of the crown. 

TOPPING RESULTS 

Proportion of Crowns Removed by Topping 
Table 3 and Figure 9 summarize the results of the aerial 
and manual tree-topping treatments. 

Aerial Topping. The heUcopter was used to top 44 trees 
in Units 1 and 2, both located within Stand One. The 
average dbh of these topped trees was 79 cm, and the 
average height prior to topping was 48 m. The average 
Hve crown length prior to topping was 45% of total tree 
height (crown-to-height ratio). Excluding four treetops 
broken during topping operations, tops averaged 



Figure 8. Pmning a window. 

3.0 m in length and 6.1 cm in butt diameter. Therefore, 
the average removed top represented 6% of total tree 
height and 12% of live crown length. This was estimated 
to be 1-2% of the sail area (Units 1 and 2, Figure 9). 

On average, hemlock tops removed were more than twice 
as long as amabihs fir tops (3.8 m vs. 1.7 m, respectively). 
The narrow, flexible tops of the young henJock trees 
presented no difficulty for the Fandrich Aerial Shear. 
However, the unit was too small and hght to be effective 
on the larger, bushier tops and stiffer branches of the 
amabihs fir. Once aware of the shear's capabihties, the 
pilot did not attempt trees that could not be successfully 
topped. As a result, several amabilis fir trees in both 
treatment units were left untopped. 

Manual Topping. A two-person cl imbing crew 
topped 64 trees in total in Units 5 (Stand One) and 7 
(Stand Two). The treated trees in Unit 5 averaged 
57 cm in dbh, 40 m in total height, and 59% in 
crown-to-height ratio before topping, whereas Unit 7 
averaged 92 cm, 48 m and 45% respectively. The 
average lengths and butt diameters of the removed 
tops were 9.9 m and 17.9 cm, respectively, in Unit 5, 
and 10.8 mand 26.0 cm, respectively, in Unit 7. The 
average removed top represented 41% of live crown 
length in Unit 5, and 47% in Unit 7. The estimated 
sail area removed was 19% in Unit 5 and 23% in 
Unit 7. 

The manual crew was able to top all of the dominant 
and co-dominant trees in Unit 5. In Unit 7, one tree was 
not topped because the top could not be safely directed 
away from the creek, and another tree was considered 
unsafe to climb. A rope was used to direct tops of two 
trees in Unit 7 away from the creek. 

The wide range in crown area removed (Table 3) 
shows the difficulty in accurately estimating the 
amount removed during the operation, even though 
the climber often consulted with the FERIC researcher 
on the ground to help estimate one-third crown 
reduction. The tops removed from the smallest trees 
in Unit 5 were longer than needed to meet the target 
because the climber would not climb above what he 
considered to be a safe minimum diameter (typically 
about 13 cm). 

Productivities ofToppingTreatments 
Aerial Topping. Table 4 presents time distributions per 
cycle and per tree for aerial topping. The aerial topping 
trial was timed for a total of 117 min. The first tum 
(11 min) was .excluded from the data to allow for the 
pilot's learning curve. Non-productive delays and 
breaks (59 min) were also removed, leaving a net time 
of 47 min for productivity and cost estimates. The 
average time per tree was 1.3 min. 

Some delays during the trial study were related to 
dumping, even though the Fandrich Aerial Shear was 
designed to be self-dumping. The electrical connection 
to the hehcopter should have allowed the pilot to release 
a latch and dump the basket. However, the helicopter 
used for the trial was not equipped with the correct 
connection plug. During the trial, the hehcopter hovered 
with the shear suspended about three metres above the 
ground, then the ground crew released the latch by 
pulhng on a rope. Time was added to the unloading 
cycle when the latch did not release easily and when 
the basket did not swing back into position and re-latch. 



Table 3. Summary and Comparison of Topping Treatments" 

Unit 1 

sample 

range size 

Unit 2 

range 

sample 

size 

Unit 5 U n i t ? 

sample sample 

range size mean range size 

Treated trees 
Species (no.) 

amabilis fir - - 7 
westem hemlock - - 15 
Sitka spruce - - 0 
total - - 2 2 ' 

Dbh (cm) 85 50-142 22 
Original height (m) 49 45-54 22 

Tops removed 
Length (m) 

amabilis fir 
westem hemlock 
Sitka spruce 
total 

Diameter (cm) 
amabilis fir 
westem hemlock 
Sitka spruce 
total 6.5 4-10 22 

Live crown 
length removal (%) 
amabilis fir 8 6-11 11 
westem hemlock 14 9-23 11 
Sitka spruce 
total 11 6-23 22 

Estimated crown , 
area removal (%) ^ 
amabilis fir 1 0-1 11 
western hemlock 2 1-5 11 
Sitka spruce - - -
total 1 0-5 22 

1.9 1.4-2.6 7 
3.7 1.8-5.3 15 

3.1 1.4-5.3 22 

6.4 5-7 7 
6.6 4-10 15 

61 
45 

5.7 

48-80 
39-47 

9 
13 
0 

2 2 ' 

1.4 0.7-2.0 9 
3.6 1.7-4.9 13 

2.7 0.7-4.9 22 

5.0 2-6 9 
6.2 3-9 13 

2-9 22 

16 13-20 3 
15 14-16 5 

15 13-20 8 

2-4 3 
2-3 5 

2-^ 8 

57 
40 

20.0 
17.8 

17.9 

22 
19 

19 

24-94 
26-52 

20-20 
5-34 

22-22 
7-62 

7-62 

2 
43 

0 
45 
45 
40 

7.4 6.5-8.3 2 
10.1 4.3-15.0 27 

9.9 4.3-15.0 29 

2 
45 

5-34 47 " 

47 47-47 1 
41 26-79 16 

41 26-79 17 

1 
16 

17 

92 
48 

56-116 
36-55 

13 
15 
1 

19 
19 
18 

10.1 6.1-14.3 9 
11.5 8.2-13.2 5 
14.0 14.0-14.0 , 1 
10.8 6.1-14.3 15 

26.2 17-32 9 
25.2 20-30 5 
28.1 28-28 1 
26.0 17-32 15 

46 31-60 8 
50 38-55 5 
44 44-44 1 
47 31-60 14 

22 10-36 8 
25 14-31 5 
19 19-19 1 

23 10-62 14 

" Sample sizes varied because it was not possible to collect complete data on all trees treated. 
During one aerial turn, trees from both Units 1 and 2 were treated. The tree count was arbitrarily split 50:50 by unit. 
The number of tops sampled was greater than the number of trees treated because some trees had forked tops. 
Estimated crown area removed was calculated assuming the crowns to be triangularly shaped. 

For this trial, the tops were collected and flown to a 
dump site for measuring. Forty-six percent of produc
tive time was associated with central dumping (i.e., 
dumping at one site). In an operational situation, the 
collecting basket might be disconnected to let the tops 
fall to the ground. Such a procedure would reduce the 
time by almost half to about 0.7 min/tree. However, 
with this technique, some tops might hang up in the 
canopy and create a safety hazard. If tops are not col
lected, a heavier shear design capable of removing a 
larger top might be possible as the weight of the cut tops 
would not be supported by the helicopter. 

Manual Topping. Table 5 presents time distributions and 
average times per tree for manual topping. The manual 

topping trial for Unit 5 was timed for a total of 1 565 min. 
Non-productive delays, wind delays and rest breaks 
totalled 528 min, and were removed from the total time. 
The net time of 1037 min was used for productivity and 
cost estimates. The average time per tree was 23.0 min. 

The trial for Unit 7 was timed for a total of 1 406 min. 
Non-productive delays, wind delays and breaks were 
removed to yield a net time of 875 min, which was used 
to calculate productivity and cost estunates. The average 
time per tree was 46.0 min. 

Much time was lost due to wuid delays. Wuids prevented 
the climbers from working for a total of 736 min, or 
25% of the total time. 



rj^ Average estimated 
Lkl sail area removed 

Treatment type Aerial Topping 
Sample size (no.) 30 
Average crown length removed (%) 12 

Manual Topping 
17 
41 

Manual Topping 
14 
47 

Figure 9. Comparison of aerial and manual topping effectiveness. 

Table 4. Time Distributions Per Cycle and Per Tree for Aerial Topping 

Activity ^ Total time Observations Average time Average time 
(min) (no.) (min/cycle) (min/tree) 

Outhaul, inhaul 7.1 6 1.18 0.19 
Position 7.6 27 1.27 0.21 
Lower, cut, lift 16.1 41c 2.68 0.44 
Unload 10.3 6 1.72 0.28 
In-cycle delays 6.1 3 1.02 0.16 
Total 47.2 - 7.87 1.28 

' Cycle elements are defined in Appendix n. 
Based on 37 trees topped in 6 cycles. The first cycle of 7 trees was discarded to account for the pilot's leaming curve. 
Lower and lift occtured 41 times while cut occurred only 39 times. 

The most time-consuming element of work during 
the topping treatments was gaining access to the 
tree crown (Table 6). Access was gained by climbing 
from the ground wi th a belt and spurs, or by 
swinging with ropes from an adjacent tree. The 
crew felt that swinging was less tiring and faster 
than climbing, and therefore climbed only the first 
tree in the morning or after a break, or when swinging 
was not possible. The average time per tree for all 
manually treated trees increased from 26,0 min 
when swinging, to 47.5 min when climbing. With 
the old-growth trees, the difference was larger 
because the large diameters made climbing much 
slower. 

The climbers swung an average distance of 5.2 m to 
reach the next tree. The maximum distance for a swing 
directly to the next tree was 10 m while swinging via 
one or more intermediate trees resulted in swings up 
to 16 m. Where it was necessary to descend and then 
climb with a belt and spurs, the average distance was 
14 m. A l l distance measurements were taken at the 
trees' bases. 

Cl imber 1, the more experienced climber, was 
nearly three times faster than Chmber 2 at topping the 
large old-growth trees in Unit 7. Chmber 1 averaged 36.5 
min/tree compared to 96.9 min/tree for Climber 2 
(Table 7). Chmber 1 performed all topping in Unit 5. 



Uni ts Uni t? 
Activity ^ Total time Average time Total time Average time" 

(min) (min/tree) (min) (min/tree) 

Prepare, walk to/from 
working area 86.0 2.3 204.3 10.8 

Climb, descend tree 154.1 4.2 321.6 16.9 
Swing to adjacent tree 534.1 14.4 204.2 10.7 
Operate saw 59.6 1.6 82.8 4.4 
Clear hang-ups 47.0 1.3 37.2 2.0 
In-cycle delays 4.0 0.1 24.8 1.3 
Total 884.8 23.9" 874.9 46.0 

" Cycle elements are defined in Appendix II. 
Based on 37 trees. 

" Based on 19 trees. 
The average time per tree, based on all 45 trees topped in Unit 5, was 23.0 min/tree. 

Table 6. Time Per Tree by Crown Access Method 

Access Method 
Climb Swing Total 

Treatment Average time Samples Average time Samples Average time Samples 
(min/tree) (no.) (min/tree) (no.) (min/tree) (no.) 

Topping—Unit 5 26.8 4 22.7 41 23.0 45 
Pmning—Unit 6 41.5 18 29.7 27 34.4 45 
Topping—Unit 7 74.9 7 29.2 12 46.0 19 
Total 47.5 29 26.0 80 31.8 109 

Table 7. Time Per Tree by Climber 

Climber 1 Chmber 2 Total 
Treatment Average time Samples Average time Samples Average time Sample 

(min/tree) (no.) (min/tree) (no.) (min/tree) (no.) 

Topping—Unit 5 23.0 45 _ _ 23.0 45 
Pmning—Unit 6 30.4 35 48.6 10 34.4 45 

lower crown 28.3 21 44.9 8 32.9 29 
window 33.6 14 63.3 2 37.3 16 

Topping—Unit 7 36.5 16 96.9 3 46.0 19 
Total 28.0 96 59.7 13 31.8 109 

Costs OfToppingTreatments 

Aerial Topping. The average cost of aerial topping for 
Units 1 and 2 in Stand One was $21/tree (Appendix IH). 
Assuming a density of 322 trees/ha for Stand One, 
aerially topping the first row of trees in Unit 1 would 
resuh in a cost of $1 282/ha or $4/lineal m (Table 8). 

Aerial topping in Unit 2 would result in a cost of 
$6 879/ha or $21/hneal m. 

Manual Topping. The average cost of manual topping 
was greater for the large old-growth trees in Stand Two, 
than the smaller, younger trees in Stand One. Costs were 
$45/tree for Units and $89/treeforUnit7 (Appendix HI). 



Table 8. Costs of Aerial and Manual Topping by Treatment Unit 

Treatment Unit 
1 2 5 7 

Area (ha) 0.47 0.13 0.23 0.43 
Length (m) 165 70 70 170 
Trees treated (no.) 22 22 45 19 
Hourly cost ($/h)" 1000 1 000 116.38 116.38 

Hours worked (h) 0.47" 0.47" 17.29 14.58 

Total cost of treatment ($) 470 470 2 012 1 697 
Per hectare 1 282 6 879 14 398 3 920 
Per lineal metre 3.85 20.64 43.20 11.76 
Per tree 21.36 21.36 44.72 89.31 

See Appendix in for details. 
Based on (average time/tree) x (total trees treated). 
Based on a 30-m-wide buffer strip and 322 trees/ha for Stand One and 209 trees/ha for Stand Two. For Unit 7 it was also assumed that 
21% (19 trees treated on 0.43 ha) of the trees would be treated due to dominance or co-dominance. 
These figures vary from those in Appendix IE due to rounding. 

Using the same density estimation as previously stated 
would resuh in a cost of $14 398/ha or $43/lineal m 
for Stand One (Table 8). In the old growth of Stand Two, 
assuming 209 trees/ha, the cost would be $3 920/ha 
or $12/lineal m when 21 % of the trees are treated (due 
to the dominant/co-dominant criterion). 

Care should be taken i f using the above figures for 
estimating costs for future treatments, as density and 
percentage of dominant and co-dominant trees vary 
by stand. A more accurate cost prediction would be 
achieved by applying the average cost per tree to a 
count of trees to be treated. The figures above are 
presented only as a relative comparison for the trial site. 

PRUNING RESULTS 

length, was pruned. A l l the successfully pruned trees 
were hemlock. The large bushy tops and stiff branches 
of the amabalis fir prevented effective use of the branch 
collector. Some of the hemlock tops were very hght and 
wispy and these did not prune well as the tops were too 
flexible. A n average of 2.2 passes/tree were required 
to remove the branches. An estimated average of 27% 
of the foliage remained on the pruned sections of trees 
after pmning. In terms of sail area, aerial pmning re
moved an estimated 4%. 

Manual Pruning. Unit 6 was sub-divided into 6a— 
pruning the trees' lower crowns, and 6b—pruning 
"windows" in the tree' mid-crowns. In total, 45 trees 
were pmned manually (Table 9). The average dbh was 
58 cm, average original height was 41 m, and average 
live crown length was 61% of total tree height. 

Proportion of Crowns Removed by Pruning 
A total of 69 trees were pmned during the study period. 
Table 9 summarizes the results of the aerial and manual 
pmning treatments. Figure 10 compares the effectiveness 
of each of the three pmning treatments. 

Aerial Pruning. Twenty-four trees were pmned in this 
trial, in four turns. In one tum, three trees that had 
previously been aerially topped were pmned. The 
average dbh of the pmned trees was 56 cm, the aver
age height was 46 m (Table 9), and the average live 
crown length was 45% of total tree height. 

The pmned portions of the trees averaged 4.7 m in 
length, with the longest length being 11.7 m. An average 
of 10% of the tree height, or 25% of the hve crown 

In Unit 6a, the lower portion of the crown was pmned 
on 27 trees. In Unit 6b, "windows" were pmned on 18 
trees. In all of Unit 6, an average length of 11 m/tree 
was pmned, resulting in approximately 49 limbs/tree 
being removed. This resulted in the removal of 46% of 
the live crown length. 

Pmning the lower crown of the trees resulted in removing 
more than the target, averaging 79% removal of the sail area. 
This occurred because the crown is widest at the base and 
small errors in estimating the necessary pmning of lower 
Umbs greatly affected the amount of sail area removed. The 
method used to estimate the crown area, assuming a 
triangular crovm, may cause overestimation of the branch 
removal in the lower crown. However, when only the length 
of crown removed was considered, the target was still 
exceeded, with 55% of the crown length removed. 



Unit 3 Unit 6a Unit 6b Units 6a & 6b 

sample sample sample sample 

mean range size mean range size mean range size mean range size 

Treated trees 
Species (no.) 

amabilis fir - - 0 - - 6 _ 0 _ 6 
westem hemlock - - 2 4 " - 20 _ _ 18 38 
Sitka spruce - - 0 - - 1 - _ 0 _ 1 
total - - 24 - - 27 - - 18 _ _ 45 

Dbh (cm) 56 40-74 11 61 36-88 27 53 27-84 18 58 27-88 45 
Original height (m) 46 39-50 11 40 27-47 17 42 27-50 14 41 27-50 31 

Tops pruned 
Length (m) 

amabilis fir - - - 14.4 8.3-20.1 5 - - _ 14.4 8.3-20.1 5 
westem hemlock 4.7 1.7-11.7 11 12.7 5.5-25.8 11 8.8 5.1-17.9 12 10.7 5.1-25.8 23 
Sitka spruce - - - 8.5 8.5-8.5 1 - - - 8.5 8.5-8.5 1 
total 4.7 1.7-11.7 11 • 13.0 5.5-25.8 17 8.8 5.1-17.9 12 11.2 5.1-25.8 29 

Limbs removed (no.) 
amabilis fir - - - 68 48-83 4 - - - 68 48-83 4 
westem hemlock - - - 52 7-103 15 39 10-48 11 46 7-103 26 
Sitka spruce - - - 47 47-47 1 - - - 47 47-47 1 
total - - - 55 7-103 20 39 10-48 11 49 7-103 31 

Live crown 
length removal (%) 
amabilis fir - - - 62 53-69 5 - _ 62 53-69 5 
westem hemlock 25 8-47 10 53 40-66 11 33 18-65 11 43 18-66 22 
Sitka spruce - - - 48 48-48 1 - - - 48 48-48 1 
total 25 8-47 10 55 40-69 17 33 18-65 11 46 18-69 28 

Estimated crown 
area removal (%) 
amabilis fir - - - 85 78-90 5 _ - _ 85 78-90 5 
westem hemlock 4 1-9 10 77 64-88 11 34 11-68 12 55 11-88 23 
Sitka spruce - - - 73 73-73 1 - - - 73 73-73 1 
total 4 1-9 10 79 64-90 17 34 11-68 12 60 11-90 29 

^ Sample sizes varied because it was not possible to collect complete data on all trees treated. 
" This is an estimate as tree species was not recorded during this treatment. 
" Estimated crown area removed was calculated assuming the crowns to be triangularly shaped. 

Piuniiig a window was the most effective method for 
achieving the objective and on average, resulted in 34% 
of the sail area being removed. In the middle of the 
crown, the crown length removed equates very well to 
the crown area removed, simplifying estimates of removal 
during treatment. 

A l l manual treatments resulted in a wide range of 
removal levels, demonstrating the difficulty in accurately 
estimating removal levels during treatment (Table 10). 

Productivities of Pruning Treatments 
Aerial Pruning. Table 11 presents time distributions 
per cycle and per tree for aerial pruning, based on 
detailed-timing observations. 

The aerial pruning trial was timed for a total of 
46.5 min. During the last tum (10.6 min), previously 
topped trees were pmned, and this time was removed 
from the data summaries. Non-productive delays and 
breaks (2.1 min) were also removed, leaving a net time 
of 33.8 min for productivity and cost estimates. There 
were no operational delays during pmning. The aver
age time was 1.6 min/tree. A n average of 7.0 trees/tum 
were pmned in the first three turns. 

The Fandrich Branch Collector, like the Fandrich 
Aerial Shear, was designed to be self dumping but the 
dumping mechanism did not function and a ground 
crew manually unloaded the basket. If the collecting 
basket was removed and the branches dropped as they 
were cut, time and cost could be reduced by an estimated 



Unit y Unit 6a Unit 6b 

1/3 of crown lengtti j-\ — 

1/3 of crown area -

79% 

34% 

1/3 of crown 
length 

1/3 of crown 
area 

. 1/3 of crown length approx. 
equals 1/3 of crown area 

Average estimated 
sail area removed 

Treatment type Aerial Pruning 
Sample size (no.) 10 
Average crown length removal (%) 25 

Manual Pruning of Base 
17 
55 

Manual Pruning Window 
11 
33 

'Only 73% of the limbs were removed from the pruned length by aerial pruning. 

Figure 10. Comparison of aerial and manual pruning effectiveness. 

Table 10. Proportion of Sail Area Removed by Treatment 

Proportion of Proportion of Sampled Trees (%) 
sail area removed 1 2 3 5 6a 6b 7 A l l 

0-10% 100 100 100 29 _ 7 46 
10-20% - - - 41 - 25 43 16 
20-30% (target range) - - - 18 . - 25 36 11 
30-40% - - - - - 25 14 5 
40-50% - - - 6 - 8 - 2 
50-60% - - - - - - - -
60-70% - - - 6 18 17 - 6 
70-80% - - - - 35 - - 6 
80-90% - - - - 41 - - 7 
90-100% - - - - 6 - - 1 
Total 100 100 100 100 100 100 100 100 

Mean sail area removed (%) 1 2 4 19 79 34 23 25 

Trees sampled (no.) 22 8 10 17 17 12 14 100 
Trees treated (no.) 22 22 24 45 27 18 19 177 



Table 11. Time Distributions Per Cycle and Per Tree for Aerial Pruning (Unit 3) " 

Activity Total time Observations Average time Average time 
(min) (no.) (min/cycle) (min/tree) 

Outhaul, inliaul 3.8 3 1.27 0.18 
Position 9.7 28 3.23 0.46 
Lower, cut, lift 15.9 46 5.30 0.76 
Unload 4.4 3 1.47 0.21 
In-cycle delays 0.0 0 0.00 0.00 
Total 33.8 - 11.27 1.61 

" Based on 21 trees topped in 3 cycles. 
Cycle elements are defined in Appendix II. 

24% to about 1.2 min/tree. This improvement is 
considerably less than that for aerial topping because 
only 24% of productive time during pruning was spent 
on the outhaul, inhaul, and unload elements. Positioning 
the branch collector over the tree, lowering it and lifting 
it off the tree took almost as long as the entire aerial 
topping cycle, mcluding dumping. The advantages and 
disadvantages of not collecting the branches would be 
similar to those discussed for aerial topping. However, 
an individual branch is lighter than a top and would be 
more likely to be caught in the canopy. 

When the three trees previously topped were pruned, 
an additional 3.5 nun/tree was required, for a total of 
4.8 min/ttee for both treatments. There was Uttle to no ad
ditional reduction in crown achieved by the pruning. 

Manual Pruning. Table 12 presents time distributions 
and average times per tree for manual pruning. 

The manual pruning trial was timed for a total of 
2 000 min. Non-productive delays, wind delays and 
breaks were removed to yield a net time of 1550 mm used 
for productivity and cost estimates. The average time 
per tree was 34.4 min. Winds prevented the climbers 
from working for a total of 257 min or 13 % of the total 
time. The climbers could safely prune during low wind 
conditions, but topping required virtually no wind. 

During pruning operations, operating the saw was the 
most time-consuming element, followed by access 
time (climbing or swinging to the next tree). Pruning 
"windows" was more time consuming than pruning 
the lower portion of the crown, because extra time was 
required to clear limbs which often hung up in the 
lower crowns of the trees. 

As with topping, there were differences in productivity 
between the two climbers for pruning (Table 7). 
Climber 1, the more experienced climber, pruned 
35 trees and averaged 30.4 min/tree. CUmber 2 pruned 
10 trees and averaged 48.6 min/tree. 

Costs of Pruning Treatments 
Aerial Pruning. The average cost of aerial pruiung was 
$27/tree for Unit 3 (Appendix IH). Using an estimated 
density of 322 trees/ha for Stand One, the aerial pmning 
treatment would result in a cost of $8 587/ha or 
$26/lineal m (Table 13). 

Manual Pruning. The average cost of manual pmnin g w as 
$67/tree for Unit 6 (Appendix HI). Using die same density 
assumption for Stand One as previously stated would 
result ma cost of $21 510/haor$65/lmealm (Table 13). 

DISCUSSION 

Factors Affecting Treatment Feasibility 
Wind. Delay due to wind was a major component of 
total time spent on manual treatments. A total of 993 
min, or 20% of the total time, was spent waiting onsite 
for the wind to subside. This time was not included in 
the productivity and cost figures, and these wind delay 
times do not include time spent offsite waiting for 
favourable conditions. The contractor that performed 
the manual treatments was not local and had no 
alternative work during these wind delays. 

The manual pmning could be done safely in slightly 
higher wind conditions than was possible for manual 
topping. Attempting to perform the work during windy 
seasons wil l result in delays and higher costs. As well, 
using local personnel with alternate work would reduce 
the impact on cost. However, local workers may not be 
as productive as a speciaUzed crew. The difference in 
productivities between the two climbers in the study 
illustrates the variation that can occur even with 
experienced workers. 

The aerial treatments were performed on a calm day 
with little or no wind. Had conditions been similar 
to those encountered during the manual treatments. 



Activity ^ Total time Average time 
(min) (min/tree) 

Prepare, walk to/from working area 221.8 5.4 
Climb, descend tree 197.9 4.8 
Swing to adjacent tree 293.9 7.2 
Operate saw 438.6 10.7 
Clear hang-ups 129.7 3.2 
In-cycle delays 131.1 3.2 
Total 1413.0 34.5^ 

^ Cycle elements are defined in Appendix II. 
Based on 41 trees. 

The average time per tree, based on all 45 trees, was 34.4 min/tree. 

Table 13. Costs of Aerial and Manual Pruning by Treatment Unit 
Unit 3 Unit 6 

Area (ha) 0.12 0.28 
Length (m) 45 80 
Trees treated (no.) 24 45 
Hourly cost (%lhy 1 000 116.38 

Hours worked (h) 0.64" 25.83 

Total cost of treatment ($) 640 3 006 
Per hectare" 8 587 21510 
Per Uneal metre 25.76 64.53 
Per tree ^ 26.67 66.80 

^ From Appendix HI. 
'' Based on (average time/tree) x (total trees treated). 

Based on a 30-m-wide buffer strip and 322 trees/ha for Stand One. 
These figures vary from those in Appendix IH due to rounding. 

the helicopter would have experienced comparable 
delays. Workers Compensation Board regulations 
prohibit aerial cone collecting when wind speed 
exceeds 16 km/h (Howe 1981), and these aerial 
treatments would likely face the same restrictions. 
However, because the helicopter treatments are fast 
compared to the manual treatments, they can treat a 
larger number of trees for a given period of favourable 
weather conditions. As well, a helicopter may also be 
available on short notice if conditions allow for work. 

Wind wi l l always be a factor in the areas where these 
treatments are required. Therefore, scheduling work 
to avoid periods of high winds is important. 

Removal Target. The proportion of crown or sail area 
removed is a major factor affecting treatment success. 
Even though the aerial methods were much faster and 

cheaper, they did not come close to meeting the target 
removal of 20-30% of the crown. Until equipment is 
developed that can achieve this objective, aerial treat
ments cannot be considered feasible options. 

A l l manual methods were capable of achieving the de
sired removal level. Difficulty in estimating amounts 
removed during treatments resulted in wide variations 
of removal levels. Because so much of the productive 
time during the manual treatments was spent 
accessing the crowns, the level of removal did not have 
a large effect on productivity. In order to achieve more 
consistent levels of removal and thereby produce a 
higher proportion of trees with the desired 20-30% sail 
area reduction, more accurate estimates must be made 
during treatment. The use of laser rangefinders may 
allow the measurement of trees during treatment 
without much loss in productivity. 



Stand Damage 
Minimal or no damage occurred to the stand in all the 
treatments. A l l damage observed was caused by 
falling tops during manual topping of the second-growth 
stand (Unit 5). A total of five trees were damaged: three 
stems were bent and three trees, including one bent tree, 
had scars throughout the bark ranging in area from 
15 to 150 cmVtree. 

Debris from the manual treatments (Units 5, 6 and 7) 
accumulated on the ground, creating obstacles which 
hindered walking in the buffer. Many of the larger tops, 
with stems up to 15 m in length and 34 cm in diameter, 
contained merchantable volume which was not 
recovered from the site. Many tops were driven into 
the ground by the fall and could not be easily moved. 
As the Keogh River is a popular strearn for angling, 
Westem Forest Products hired a crew to clear debris 
off an existing streamside trail when treatments were 
complete. The cost of trail clearing was not included 
in the study. 

Other Comments 

The treatment methods tested in this study are still at 
the experimental stage as a means of reducing 
windthrow in a forest environment. Based on past 
performance of tree topping in urban areas and parks, 
the manual treatments can be expected to prevent or reduce 
windthrow in individual trees that are treated. However, 
caution should be used when prescribing these treatments 
for other areas because of their high costs and unproven 
effectiveness at stabilizing forest stands. 

The difference in productivity between the two 
climbers observed illustrates the variation that is 
possible even with experienced climbers. The work 
is strenuous and dangerous, with a limited number 
of qualified workers available. Adverse working 
conditions, lower worker skill level and scarcity of 
workers could result in lower productivities and 
higher costs than those experienced in this study. 

The manual treatment productivities and costs derived 
from this study were based on productive time only, and 
ground conditions at the study site were very favourable. 
Therefore, the productivities described should be on the 
high end of the range for coastal British Columbia, with 
the costs on the low end. 

Judgment and local experience are required to decide 
how many and which trees should be treated in order 
to estabUsh a stable buffer. In some cases, the dominant 
and co-dominant trees may be at the highest risk as they 
are most exposed to wind forces. There is, however, a 

view that the taller trees may be more windfirm as 
lifelong exposure to wind causes physiological 
adaptation, creating a more resistant stmcture. 

The value and fiinction of an intact streamside buffer 
should be determined on a site-specific basis, and the 
amount of wind damage that would be acceptable should 
be considered. Other less expensive methods to stabihze 
windthrow, during the planning and harvesting stages, may 
be adequate. Alternatives include locating boundaries with 
consideration to storm wind orientation and soil 
conditions; avoidance of sharp comers and indentations; 
edge feathering; the removal of the most vulnerable trees 
in the buffer; and increasing the width of the buffer. 

Long-Term Monitoring Procedure 
A procedure for long-term monitoring of the site was 
developed (Appendix IV), including an observation 
schedule and information to be collected. Continued 
monitoring of the site w i l l help to determine the 
long-term effectiveness of the treatments in reducing 
windthrow and their effects on tree health. 

CONCLUSIONS 
The aerial treatments were much faster than the 
manual treatments. The average time per tree was 
less than 2 min for the aerial treatments, compeued 
to 23-46 min/tree for the manual treatments. The average 
cost per tree was $21-27 for the aerial treatments and 
$45-89 for the manual treatments. 

While the Fandrich Branch Collector was able to pmne 
westem hemlock trees with their very narrow tops, it 
was ineffective at pmning the stiff-branched and bushy 
amabahs fir. The Fandrich Aerial Shear also was not 
effective at topping the amabilis fir. 

ManuaUy pmning a window was slower than manually 
pmrung the lower crown. This was mostly due to the 
extra time required to clear limbs that hung up in the 
lower unpmned crown. 

The more experienced of the two cUmbers was noticeably 
faster during both topping and pmning. The practice 
of swinging to the next tree with ropes was faster than 
climbing and descending every tree with a belt and 
spurs. Chmbers were able to swing a maximum of 10 m 
directiy to the next tree. 

Minimal or no damage to the stand occurred from the 
treatments. Debris from the manual treatments created 
obstacles which hindered walking on the site after 
treatment. 



If topping or pruning are to be applied to a large number 
of trees, some mechanization of the process is desir
able to reduce costs and increase productivity. The 
aerial methods tested hold promise but require more 
development before they can be considered operational. 
A device capable of removing a much larger portion 
of the crown is necessary for aerial treatments to meet 
die crown removal objective or to match the effectiveness 
of the manual treatments. 

Time and cost per tree could be reduced considerably 
for the aerial treatment methods if the tops and limbs 
were not collected. Unloading time and travel time 
between the treatment area and dump site could be 
reduced or eliminated. Without the need to support the 
cut limbs or tops with the helicopter, it may be possible 
to develop a heavier shear or pruning device capable 
of removing larger portions of the crown. Such a device 
should only be used if cut limbs or tops do not hang up 
in the canopy and create hazards. 

RECOMMENDATIONS 

1. Treatment should be performed concurrent with 
or immediately after harvesting. This would help 
prevent windthrow from occurring between 
harvesting and treatment, and would allow the 
recovery of large merchantable tops. 

2. Treatment should be performed during low wind 
periods to reduce treatment time and cost. 

3. Measurements should be taken during treatment 
to ensure that the desired amount of sail area is 
removed from each tree. 

4. Further development on the aerial equipment 
should be done to increase their capacities and 
customize them for the purpose of pruning and 
topping trees. This trial showed that the aerial 
systems are cost-effective compared to the 
manual treatments, but design modifications are 
necessary to remove more of the crown. A device 
that could be lowered farther down the tree or 
treat the tree from the side is recommended. This 
development is currently ongoing. 

5. If the collection of branches and tops is contmued 
for aerial methods, the dumping systems should 
be more efficient and reliable. 

6. Obstacles created by the debris from manual 
treatments should be considered when planning 
treatments. If the treated area is located in a 
recreational area, the trails may need to be 
cleared after treatment. 

7. The application of these treatments should be 
evaluated on a case-by-case basis. A windthrow 
risk assessment should be performed before 
prescribing these treatments. Where harvesting 
is desired in timber stands adjacent to streams 
and with high windthrow risk, the expense of 
these treatments may be warranted to protect 
riparian values and as an alternative to not 
harvesting. 

8. If topping and pruning are prescribed, these 
treatments should be combined with other hazard 
abatement techniques to maximize benefits. 
Careful boundary location with regard to soil 
conditions and orientation of storm winds; 
avoidance of sharp corners and indentations; 
edge feathering; and the removal of the most 
vulnerable trees may increase the benefit of 
individual crown treatments. 
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Windthrow on Site Before Treatment 

Recent ^ O l d 
damage damage Total 
(trees) (trees) (trees) 

Wind damage 
Blown over 54 5 59 
Leaning 5 0 5 
Stem broken 3 1 4 
Total 62 6 68 

Other causes 
Undermined by river 15 3 18 
Downed tree, cause undetermined 2 3 5 

Total 79 12 91 

Damaged since logging of adjacent block. 



Appendix II 
Cycle Time Elements 

Activities were separated into the time elements defined below: 

Aer ia l Treatments 

outhaul ttavel from dump site to d-eatment unit 

position position shear/branch collector over tree 

lower lower shear/branch collector onto tree 

cut aerial shear cut top of tree 

lift lift shear/branch collector off the tree; knives of branch collector strip branches 

from tree top 

inhaul travel from treatment unit to dump site 

unload unload tops or branches 

in-cycle delays any operational time spent not performing one of the above time elements 

Manual Treatments 

prepare prepare equipment 

walk walk to and from site 

chmb chmb tree from ground to topping or pruning height 

operate saw operate saw to top or prune tree 

swing travel to next tree without descending to the ground 

descend chmber descends from topping or pruning height to ground 

clear hang-ups clear or check for hung-up limbs and tops 

in-cycle delays any operational time spent not performing one of the above time elements 



Cost Calculations 

Equipment and Crew Costs 

Aerial Treatments" Manual Treatments " 

Item 

Helicopter (Astar 350B) 
Fuel 
Shear or rake rental 
Total 

Cost 
($/h) 

840 
110 
.50 ' ' 

1000^ 

Not included: helicopter ferry time to and from site; shipping 
of shear and rake to and from site; refueling time; supervision; 
ground crew; and profit and risk. 
Based on 4 h/day. 
Or $16.67/min. 

Item 

cumber" 
Groundperson " 
35% benefits 
Power saws (2) 
T r u c k ' 
Cl imbing equipment 
Total 

Cost 
($/day) 

261 
261 
183 
54 
80 
92 

931 

Not included: travel costs; room and board; supervision; profit 
and risk. 
Based on June 15, 1993 IWA rate; climber and groundperson 
at faller's rate. 
Based on FERIC records. 
Or $1.94/min, based on 8 h/day. 

Climbing Equipment Costs 

Item Amount Cost Total Life Cost 
($) ($) (days) ($/day) 

Rope (static) 11 mm x 70 m 2 185 370 40 9.25 
Harnesses 2 100 200 200 1.00 
Hardware misc. 350 350 200 1.75 
Rappell rings & slings ^ 20 4 80 1 80.00 
Total 92.00 

Based on 20 trees/day. 

Summary of Costs Per Tree, By Unit 

Time Cost 
Uni t Treatment (min/tree) ($/tree) 

1 Aeria l topping, first row 1.28 21.34 
2 Aeria l topping, all dominants and co-dominants 1.28 21.34 
3 Aeria l pruning, all dominants and co-dominants 1.61 26.84 
4 None _ _ 

5 Manual topping, a l l dominants and co-dominants 23.0 44.62 
6 Manual pruning, al l dominants and co-dominants 34.4 66.74 
7 Manual topping, a l l dominants and co-dominants 46.0 89.24 



Suggested Procedure for Long-Term Monitoring 

Future monitoring of the site is necessary to evaluate 
the effectiveness of treatments to prevent windthrow. 

The treatment units should be monitored for wind 
damage with observations twice a year, in the spring 
and fall, for the next five years. In addition to these 
regularly scheduled observations, observations should 
be made immediately following any major storm event. 

Each observation should consist of systematically 
walking the study site. Trees damaged since the last 
observation should be talUed and marked. The following 
details should be recorded for each damaged tree: 

• species 
• defects 
• pathogens 
• total height 
• height of live crown 
• width of live crown 
• crown density 
• branch mass 
• bole taper 
• butt flare 
• rooting substrate 
• type and extent of the damage 
• direction of lean, fall, or break 
• tree's position relative to the edge of the buffer 
• treatment appUed 
• progression in damage since the last observation 
• break height and diameter, root wad width, 

rooting depth, and presence of decay 

The tree's location should be surveyed and the origuial 
tree number should be recorded. If the original tree 
number cannot be determined, the treatment applied 
should be noted and the amount of crown removed 
should be measured. Any other factors thought to have 
contributed to the damage should be noted. 

A weather station should be set up near the site, in the 
adjacent clearcut, to record wind speed and direction, 
and rainfall. Ideally, the weather station should monitor 
peak gusts and their durations. If the more commonly 
available fire wea:ther type station is used, the hourly 
wind conditions should be recorded diuing storm events 
to determine wind conditions when wind damage occurs. 

Ideally, a weather station would be set up near each 
treatment unit to test i f wind conditions are similar. As 
this may not be practical, tatter flags should be set up 
at the weather station and near each treatment unit. 
Procedures for the instaUation and use of tatter flags 
are described by Mackie and Gough (1994). 
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