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The handbook does not attempt to define a single “best” system for any site. Instead, it
presumes that readers need to be aware of the key factors that influence the probability of
achieving success with any given combination of equipment and site characteristics.
Readers will then use their own judgement to evaluate the merits of the various options.
The information in the handbook should be considered only as part of an overall process
for equipment selection which will vary from company to company.
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SITE AND STAND CHARACTERISTICS

Site and stand characteristics, as opposed to characteristics defined by the planners and
operators, are inherent to the site. These characteristics influence the success of using
a particular class of equipment. Over the long term, the general site and stand charac-
teristics that are expected must be examined, and the equipment fleet selected to suit
those conditions. The time horizon for selecting the equipment is related to budget and
capital amortization issues, and is generally three to five or more years.

Contractual and corporate obligations mean there is less flexibility to choose different
equipment in the short term, and the equipment selection question is reversed. The site
and stand characteristics remain important, but instead of asking “What equipment is
suited to this site?” the question becomes “What site is available to use this equipment?”
The process of matching equipment to sites becomes a matter of ensuring an adequate
quantity of suitable sites for the available equipment.

These site and stand characteristics are divided into four broad classes for discussion:
terrain, soil, timber, and weather and climate.

Terrain

Terrain, especially the sideslope, has the most influence on machine selection. In gen-
eral, cable systems are more commonly used on coastal sites with steep sideslopes, while
ground-based systems are more common in the Interior, where slopes are less steep.
Although other factors such as soil texture and climate also influence the choice between
cable and ground systems, terrain is the predominant factor.

Other important terrain factors are ground profile, riparian areas, gullies, and
roughness.

Slope
Slope is the predominant factor in choosing between cable and ground-based equip-
ment. In addition, slope can be an important factor in determining the suitability of dif-
ferent machine types, especially for ground-based equipment.

Although the average
sideslope for the entire
cutblock is the measure
used most often to describe
a cutblock, the maximum
slope plus the amount of
area over which these maxi-
mum slopes occur are
also important. For ground-
based systems, small areas
with steep slopes do not al-
ways mean that a different
machine must be selected,
because the effect of steep
slope can often be reduced with different operating techniques. For example, short, steep
slopes can be harvested with directional falling and reaching from the side, or by straight-
downslope skidding. But when the extent of steep terrain increases beyond just isolated
patches, the machine selection for the entire cutblock may be affected.

Figure 145
Clambunks are quite
stable and can work
on steeper ground
than rubber-tired
skidders.

Terrain
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OPERATIONAL

Slope influences the safe working envelope for ground-based equipment. Wheeled
equipment can work safely on slopes to about 35%, while tracked machines can work
up to about 50%. Specialized tracked machines can work on steeper ground, while
loader-forwarders are limited to about 30%. Forwarders have a high centre of gravity,
and become unstable if positioned crossways on the sideslope. They are limited to slopes
of about 35%. Clambunks are quite stable, and can work on slopes up to 60%.

Ground-based equipment works more efficiently when skidding downhill, and
adverse skidding should usually be avoided. Forwarders, clambunks, and tracked
skidders can tolerate more adverse skidding than wheeled skidders, although their pro-
duction will be reduced with adverse skidding.

Slope affects cable machines differently than ground-based equipment — there is not
the same distinction of machine types by slope classes because each machine type can
work on all slope ranges if deflection is adequate. Cable yarding systems usually work
better for uphill yarding, although either direction is feasible. Gravity systems require
about 30% sideslope for the carriage to return to the hookup site.

Very steep or broken terrain (> 70%) can increase the amount of breakage during fall-
ing and yarding and decrease the mobility of on-the-ground workers. Building suitable
landings is difficult on steep slopes, so the layout must consider landing location. The
landing area must provide sufficient space to land and unhook the logs without them
sliding back into the cutblock. When suitable landing locations are not available, alter-
nate systems must be considered.

ENVIRONMENTAL

Ground-based skidding on steep ground may require bladed skid trails, which are a
source of soil disturbance and can intercept and concentrate water flow resulting in ero-
sion and sedimentation.

Ground profile
The ground profile indicates the general shape of the ground as viewed across the con-
tours. Profile is different from roughness, which is described later. The ground profile
can be considered over the full width of the cutblock, or for an intermediate distance
(30–150 m). Both the overall and intermediate profiles affect cable systems, while the
overall profile does not affect ground-based systems as much.

OPERATIONAL

Since cables hang in an arc, a concave ground profile is optimal to use cable systems.
The measure of the ground profile to provide adequate space for the cable sag is called
“deflection.” Deflection is measured as a percentage of the horizontal distance between
the two ends of the cable. For short distances and light payloads, 6% deflection may
be adequate, but for larger payloads, up to 15% deflection may be required. Depend-
ing on the type of cable system, up to 25 m of clearance is required below the cable to
accommodate the carriage, chokers, grapple, and logs.

The harvesting area must be planned carefully by running deflection lines across the
critical zones. The analysis should not be limited to just the specific cutblock; adjacent
areas should be examined as well to ensure that the road network will be useful and
adequate for future cutblocks. Various analytical methods and computer programs can
help the planner to calculate the deflection and payload before road construction or har-
vesting operations commence.

Site and Stand Characteristics
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With adequate deflection and clearance, the cables hang clear of the ground from the
yarder to the tailhold, which maximizes yarding efficiency by minimizing hangups.
Fewer hangups also results in reduced soil disturbance. Even or convex profiles are
difficult to harvest with cable systems, and may require backspars or multi-span skylines
to cover the area. On uneven slopes or broken ground, more road may be required to
provide access to all locations.

Uneven profiles are less of a problem with ground-based systems than with cable sys-
tems because the machines can travel on the benches between the steeper areas.
Depending on the size and type of machine, they may be able to reach the timber on
the steeper areas while remaining on the benches. Trails will be required to link the vari-
ous benches with the landing or haul road.

ENVIRONMENTAL

For cable systems, areas with poor deflection may experience increased soil disturbance.
For ground-based systems, the number and distribution of benches and ridges will
influence skidding patterns, including the location and extent of skid trails, which may
affect the amount of soil disturbance.

Riparian areas
Riparian areas occur next to the banks of streams, lakes, wetlands, and gullies and
include both the area dominated by continuous high moisture content and the adjacent
upland vegetation that exerts an influence on it. These generally sensitive sites may have
different forest management requirements than the remaining cutblock, and warrant
using alternative harvest-
ing techniques. For exam-
ple, there may be a
requirement to leave
standing trees, fall and
yard away from the
stream, or leave machine-
free buffers. In British
Columbia, the Forest
Practices Code’s Riparian
Management Area Guide-
book describes a method
for identifying and assess-
ing these areas and rec-
ommended management
practices. Riparian man-
agement areas, as defined
in the guidebook, always
include a management
zone, where constraints may be applied to harvesting, and may include a  reserve zone,
where harvesting is generally prohibited. The width of the reserve zone and manage-
ment zone depends on the classification of the stream, lake, or wetland. The procedures
for determining the width are described fully in the guidebook.

Harvesting operations within the management zone should minimize disturbance to the
understorey vegetation, avoid damage to any remaining trees, and maintain bank
stability. Limit the amount of disturbance to that required to achieve successful
regeneration.

Figure 146
Riparian management
areas always include a
management zone, but
may also include a
reserve zone.

Terrain
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OPERATIONAL

Proper falling techniques are the key to successful harvesting operations in riparian
areas. Either manual or mechanical methods can be used, but the capabilities of the

extraction equipment must be carefully consid-
ered before falling commences. Hydraulic load-
ers have been used to control the direction of
large, high-value trees by holding the tree while
it is cut by the faller.

Line skidders winch individual trees without
travelling into the riparian areas if the trees are
aligned properly. This technique implies closely
supervised hand-falling to ensure that the faller
knows the required skidding direction. Grapple
skidders have limited reach, so they are inap-
propriate to use with hand-falling. Many log-
ging contractors, even those that rely upon
grapple skidders, have a line skidder on site for
use in such situations.

Grapple skidders or clambunks can be used for
harvesting riparian areas if the trees are small
enough for feller-bunchers to pack them after
cutting. Depending on the soil conditions, fel-

ler-bunchers can travel into the zone, cut the trees, and transport them out of the zone
with minimal soil disturbance. A zero-clearance feller-buncher will minimize the width
required for the trail. Close supervision is required to ensure that the skidder operators
do not follow the feller-buncher’s trail into areas where they are prohibited.

In some cases, loader-forwarders are permitted into riparian areas to retrieve individual
trees. Careful maneuvering is required to move the trees out of the zone without dam-
aging the residuals. FERIC spoke to one company that reported that its loader-forwarder

lifted the trees back to vertical to make it easier
to move them through the residual stand.

Using cable equipment around riparian areas
implies careful consideration to the tailhold
location. Skyline systems can span the zone if
the ground profile beyond the zone provides
sufficient elevation to raise the cables above the
standing timber. A slackpulling carriage must be
used so that the skyline can remain tensioned
at all times. Note that the skyline may be low-
ered occasionally for maintenance, and it may
cause damage to residual trees and other veg-
etation. With highlead or grapple systems, the
cables are continually raised and lowered, so
tailholds beyond the management zone are un-
workable. Locating the tailholds on the near
side of the management zone implies that all
the borderline trees must be away from the zone
to be within reach of the chokers or grapple.
Careful directional falling is required.

Figure 148
Logs were fully

suspended over this
management zone to a

landing on the
opposite side of the
stream. The profile

allows for adequate
deflection and

clearance.

Figure 147
This loader held the
tree as it was cut by
the faller. Once the

faller moved out of the
danger zone, the

loader pulled the tree
away from the reserve

zone located behind
the standing trees.

Site and Stand Characteristics
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ENVIRONMENTAL

Machine operations within riparian areas must be done with minimal soil disturbance.
The operators must be made aware of the importance of proceeding slowly and care-
fully. Dry conditions with low ground-pressure equipment will minimize the risk of
creating ruts, as will frozen conditions or deep snow.

The residual trees should be chosen to present a windfirm boundary to avoid future soil
disturbance caused by windthrow. Various techniques such as topping, pruning, or edge
modification will reduce the sail area of the residual trees and reduce the risk of
windthrow.

Gullies
Gullies — steep streams that run within steep-
sided and deep channels — are sensitive areas
that may require special management consid-
erations. Debris flows and debris floods are of
concern in gullies. Site factors that can affect the
level of these hazards include steepness of gully
sidewalls, availability of loose material, stream
gradient, and the drainage basin area. Harvest-
ing-related factors include the amount of soil
disturbance during yarding, volumes of debris
left in the gully, removal of stabilizing trees,
unstable road crossings, and poor drainage
control.

In British Columbia, the Forest Practices Code’s
Gully Assessment Procedures Guidebook pro-
vides information on assessment procedures for
coastal sites, and describes management objec-
tives and pre-logging strategies when operating
in gully areas on the Coast. The areas adjacent
to gullies can also include riparian areas, with associated management requirements,
which may have to be considered along with any special measures required for gully
management.

In many cases, the riparian management zone adjacent to a gully will allow only par-
tial cutting. Therefore, selection of harvesting equipment for working near gullies should
be based on systems that work well close to standing timber or for partial cutting. This
results in some unique requirements for the harvesting equipment. The selected equip-
ment must be able to:

• remain outside the harvesting zone while still reaching the timber;

• extract timber from steep ground;

• extract the crop trees without damage to the residual trees;

• extract trees without causing excessive soil disturbance to gully sidewalls; and

• minimize the amount of logging debris entering the gully.

In addition, the equipment may be required to remove debris from the gully if it
accumulates in the channel.

Figure 149
The tailhold for this
yarder was located
across the gully. The
skyline enabled the
machine to lift the logs
out of the gully
without causing soil
disturbance.

Terrain
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Workers’ safety must be a priority when logging in or around gullies. Steep slopes, lean-
ing trees, slippery footing, and productivity concerns compound one another to make
gullies extremely hazardous workplaces. The hazards and risks must be examined care-
fully and a safe procedure agreed upon before harvesting.

OPERATIONAL

Falling within the gullies is limited to non-mechanical methods. The trees must be felled
carefully in the desired location, whether cross-slope to minimize breakage and debris

accumulation in the gully, or upslope to mini-
mize the distance to the gully edge. Uphill fall-
ing is difficult and dangerous, and will require
hydraulic jacks or other means to control the
falling direction.

Line skidders are well suited for working around
gullies, provided that the ground adjacent to
the gully is suitable for ground-based machine
travel. The skidder can be positioned near the
gully edge and the cable pulled out to reach the
logs. Similarly, large loader-forwarders can
reach the logs from the gully edge without
entering the gully. Grapple skidders, forwarders,
and clambunks are poorly suited for logging
from gullies because of their limited reach. 

Tightly spaced gullies, or other no-travel zones,
will make skidding difficult because the ma-
chines must be able to work between gullies
without encroaching on them; also, logs must

not sweep into the gullies while turning. During falling, the trees should be aligned with
the skidding direction to ensure that the minimum amount of space is required for turn-
ing the logs. Bucking the trees into short logs may be required. Gullies and other
no-travel zones spaced closer than two tree lengths are difficult areas to harvest.

When harvesting in gullies, cable systems are better suited than ground-based systems
(i.e., yarders can remain outside the gully while reaching the logs). In contrast, ground-
based systems must travel closer to reach the logs. However, the cables must remain clear
of standing timber, which differentiates partial cutting and clearcutting. With partial
cutting, the cables must be suspended above or to the side of the standing timber, while
in clearcutting, the cables can be positioned within the gully itself. For partial cutting,
skyline systems with slackpulling carriages are well suited, while any cable system can
be used for clearcutting.

With skylines and slackpulling carriages, the deflection and payload must be examined
carefully, and correct bucking procedures used to ensure that the yarder can
extract the logs. “Sideblocking” will allow the logs to be pulled out of the gully to
underneath the skyline before yarding them to the landing. This technique requires a car-
riage that can be clamped to the skyline during lateral yarding.

Debris accumulations within the gullies must be managed. Chokers are less efficient than
grapples for picking up large volumes of debris because a worker must take the time to
hook each bundle of debris. Other removal methods, such as hand piling the debris and

Figure 150
A swing yarder with

its lines extended
over a gully.

Site and Stand Characteristics
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removing it with a choker or post-harvest removal by helicopter, may be more efficient
for small volumes.

ENVIRONMENTAL

When logging is permitted in gullies, the trees must be extracted without scouring the
gully sidewalls, and debris accumulations must be removed. With cable systems, this
puts two requirements on the system design: (1) the chokers or grapple must be able to
reach into the gully to hook the logs, and (2) the lift should be maximized to enable lifting
the logs clear of the ground.

Using slackpulling carriages is the best method for reaching into a gully with chokers
because the skyline can remain tensioned while the dropline is spooled out to reach the
logs. With a grapple or a highlead system, lowering the lines and spotting them accu-
rately in a steep gully is difficult. Interlocked winches make it easier to control the grapple
accurately within the gully.

The ability to lift the logs is directly related to the deflection, so the deflection near gullies
should be maximized. Tall yarders, backspar trees, short yarding distances, and suitable
ground profile can all increase the deflection. Yarding distance and ground profile
are influenced by road and landing location, so careful layout will help ensure proper
placement.

However, there are competing factors for landing placement and the subsequent yarding
direction with respect to the gully. Locating the landing inside the gully gives a “clear
view” up or down the gully, and maximizes deflection. However, the debris
accumulations at the landing are unacceptable. Moving the landing to outside the gully
improves the debris situation, but reduces deflection and lift.

Roughness
Ground roughness is independent of slope. It is a measure of the height and spacing of
obstacles that affect the ride and stability of ground-based equipment and the ability of
cable equipment to yard efficiently. Typical obstacles that impede the machines’ travel
are rocks, boulders, depressions, outcrops, large stumps, and windfalls.

OPERATIONAL

Rough ground can cause instability, and a lower centre of gravity can be an advantage.
The logs dragged by skidders tend to enhance their stability, while the high carrying
position of the load for forwarders tends to reduce their stability.

Ground-based equipment must also be able to maneuver efficiently between the
obstacles while transporting the payload. Forwarders are better able than skidders to
maneuver between obstacles because the short logs do not drag over the obstacles
during turns. Full-length logs behind a skidder are less maneuverable.

Large stumps and boulders can cause hangups for cable systems. Swing yarders are better
able to yard around obstacles because they can alter the location of the cable slightly
by swinging slightly off-centre.

Soil
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Soil

Texture and moisture content
Soil texture and moisture content, two of the most important soil characteristics, affect
the soil’s ability to support machine traffic and resist degradation. Various processes can
degrade soil, including:

• soil compaction and puddling;

• soil displacement;

• forest floor displacement;

• surface soil erosion; and

• mass wasting.

The sensitivity of a site to these processes depends on a number of factors such as ter-
rain, slope, climate, hydrology, and soil horizons, texture and depth. Once this
information is known, management practices can be implemented to ensure that the
effects of these processes are minimized. This generally involves placing limits on the

amount and types of soil
disturbances caused by har-
vesting and silviculture
treatments. Soil disturbance
is generally higher, and
therefore more of a con-
cern, with ground-based
harvesting systems than
with cable systems.

In British Columbia, under
the Forest Practices Code,
soil disturbance hazard as-
sessments are carried out on

some sites to help make certain management decisions based on the sensitivity of a site
to soil degradation. The procedures for carrying out these assessments, along with some
related management concerns, are described in the Hazard Assessment Keys for Evalu-
ating Site Sensitivity to Soil Degrading Processes Guidebook. For jurisdictions other than
British Columbia, these processes or other similar processes may be used. An exact de-
scription of what systems to use and where is beyond the scope or intent of this hand-

book — its purpose is to
highlight the important is-
sues and encourage the
reader to seek expert
advice, especially in mar-
ginal situations.

Both soil moisture and soil
texture play a role in the
soil’s ability to withstand
machine or equipment
impacts without being
degraded. Neither factor
can be changed to suit

Site and Stand Characteristics

Figure 151
Puddling and

compaction from
excessive machine

traffic during wet
weather.

Figure 152
Using wide tires on

a skidder during
winter logging on
Vancouver Island.
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harvesting requirements, but soil moisture is partially within the manager’s control by
scheduling the harvesting operations for when the moisture content is lowest, such as
summer or early fall. For ground-based equipment, the sensitivity to compaction is
commonly used as a guideline for equipment selection and operating techniques, par-
ticularly when operating on gentle slopes and uniform terrain. Areas with high
compaction hazard are usually restricted to harvesting on dry or frozen conditions, or
with deep snow cover, or no ground-based equipment is permitted to operate on the
site. Seasonal impacts are discussed later in this section. On steeper slopes where
machines often operate on trails, displacement and mass wasting hazards become more
important.

The soil moisture and texture must be considered together because soil moisture affects
each soil type differently. Sandy soils are not easily compacted, even when moist; in
contrast, loamy soils are susceptible to compaction when moist but are more resistant
to compaction when dry. Fine-textured soils such as clays and silts are susceptible to
compaction even at low soil moisture contents.

Soil texture plays an important role in determining these detailed hazard ratings. How-
ever, FERIC observed during the interview process that operational personnel such as
woods managers and logging supervisors typically used less precise descriptions of soil
types. Terms such as “winter ground” versus “summer ground” or “fine-textured soils”
versus “coarse-textured soils” were commonly used by operational personnel, instead
of the detailed soil hazard ratings specified in the British Columbia guidebooks.

OPERATIONAL

When using ground-based
equipment, the operators
must be prepared to re-
schedule their activities if the
soil moisture content be-
comes too high, such as dur-
ing heavy precipitation.
Attitudes regarding soil dis-
turbance have changed sub-
stantially over the past few
years; FERIC was told many
times during the interviews
that contractors and opera-
tors have become much more diligent about policing their own activities. Some com-
panies have established guidelines for shutdown criteria during wet weather, and have
distributed these guidelines to their contractors. It is not uncommon for the contractors
or operators to cease operations on their own  accord.

As an alternative to shutting down, the harvesting pattern for the whole cutblock should
be examined and planned for maximum flexibility. Preserving the drier areas for wet-
ter weather may help to avoid shutdowns. This strategy has minimal cost even if the heavy
rain does not occur, and may make the difference between working and not if the rain
does happen. Other techniques are to confine skidding to bladed trails or to cease truck-
ing in favour of stockpiling the timber during heavy precipitation.

High moisture content and fine soil texture often occur together, such as near swamps,
where the soils are moist and have low bearing capacity. Some alternatives to using
conventional ground-based equipment are to schedule the harvesting under frozen

Soil

Figure 153
The tracks on this
forwarder facilitate
travel on softer
ground compared
with just tires.
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conditions, to use low ground-pressure equipment such as feller-processors and forward-
ers, or to use cable equipment.

As discussed elsewhere in the handbook, using specialized equipment is seldom
economical for just one cutblock — it must be part of an overall plan that includes
amortization of fixed costs. The planner must calculate the amount of timber that would
become available for harvesting with the different equipment, and the effect of adding
the new equipment on costs and length of operating season. Only a thorough exami-
nation will reveal whether alternative equipment will be justified.

ENVIRONMENTAL

Given a particular type of equipment, controlling the soil moisture via scheduling can
be used to affect the amount of soil disturbance. The susceptibility to compaction gen-
erally increases with soil moisture, and surface water can cause erosion. All other things
being equal, soil disturbance will be lower with dry soils than with moist soils.

The aerial and cable systems can work under conditions with high soil moisture con-
tent without causing excessive soil disturbance. This is especially true for the skyline
systems that can lift the payload clear of the ground. Highlead systems may cause more
soil disturbance than other cable systems because they must drag one end of the log
on the ground.

Seasonal impact
The seasonal impact on soil is typically reversed between interior and coastal locations.
Winter in the Interior brings frozen conditions, when access is least restricted. When
the snowpack is light, the frozen ground can support vehicles without rutting or
compaction. Deep snow can also protect the soil from damage, although it can also act
as an insulator to prevent the soil from freezing if heavy snowfall occurs too early in the
season. In such cases, deep snow may not provide sufficient protection from soil dis-
turbance. Summer and the transition periods before and after summer usually produce
the most concern about soil disturbance.

On the other hand, winter and its transition periods are the critical times for soil distur-
bance on the Coast because of higher rainfalls. The soil is rarely frozen for a sustained
period at the low elevations where most winter operations take place.

OPERATIONAL

Winter is the least expensive time for harvesting in the Interior because of the easier
access caused by frozen conditions. However, deep snow can impair the mobility of
wheeled skidders, to the point where tracked machines are required to construct access

trails. Forwarders with tan-
dem axles and tracks are
less susceptible to deep
snow than skidders, al-
though very deep snow will
also reduce their mobility.
The snow also changes
characteristics throughout
the winter season; early in
the season, the snow is typi-
cally dry and powdery
(“sugary”), and offers little
traction. Later in the season

Figure 154
Traction in deep,

powdery snow was
difficult for this

forwarder.

Site and Stand Characteristics
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as the snow begins to melt and becomes more dense, it offers better traction. Late win-
ter, when the snow is most compact, is a prime time for ground-based skidding in the
Interior.

On the Coast, winter offers less favourable conditions for logging because of the inclem-
ent weather. High precipitation, high winds, and saturated soils increase the risk of slope
failures on steep slopes. Fallers cannot work during windy conditions, so the frequency
of non-productive days increases in the winter. Trucking becomes difficult because of
steep, icy roads.

ENVIRONMENTAL

The most critical time for soil disturbance in the Interior is the transition period before
and after summer. Low millyard inventories after spring breakup may result in corpo-
rate pressure to begin harvesting operations when the soil moisture content may be high.
The highest levels of supervision are required at these times to avoid poor operating prac-
tices. In the fall, high precipitation levels may saturate the soil, which increases the risk
of soil disturbance. After a summer of dry conditions, the operators may be unprepared
for working under more critical conditions.

Soft-footprint machines such as feller-processors and forwarders are advantageous during
the transition period because they can operate with less soil disturbance than conven-
tional ground-based equipment such as skidders. With less seasonal “stop-and-go,”
forwarder operators may also be more prepared to using the proper operating techniques.

Wide tires or tracks mounted over the tires can also reduce ground pressure and soil
disturbance.

Operators must not be deceived by snow on the ground because the snow can simply
be masking unfrozen soil. If the weather before the snowfall has not been cold for long
enough, then the ground may not be frozen and the snow will act as an insulator, pre-
venting any additional freezing. In such a case, the snow must be deep and compactible
enough to distribute the machine’s weight over a wide area to prevent soil compaction.

For coastal areas where the harvesting plan includes ground-based harvesting with
skidders, the driest periods during the summer offer the best conditions for minimizing
environmental impact. Loaders used as loader-forwarders and mobile backspars can
work year-round in many locations, but must always avoid localized areas of wet or
sensitive soils. 

There may be short periods during the winter on the Coast where the temperature drops
below freezing for a sustained time, and the ground becomes sufficiently frozen to sup-
port harvesting equipment without rutting and compaction. However, the proper per-
mits must already be in place to take advantage of these infrequent opportunities, and
close supervision must be undertaken to ensure that operations cease if conditions
change.

Soil
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Timber Characteristics

Timber can be characterized by the tree size, stand volume, and quality. For each char-
acteristic, the cutblocks have an average value and a range of values, both of which affect
the machine’s ability to operate effectively.

The long-term timber resource must be examined, and equipment selected that best
balances between low operating cost and flexibility to adapt to the full range of timber
characteristics. In some cases, the timber characteristics have minimal impact on the
equipment’s ability to operate (e.g., grapple skidder), while in other cases, a mismatch
between equipment and timber will prevent the equipment from operating at all (e.g.,
feller-processor in large timber).

Tree size
Tree size affects logging equipment in two distinct ways: (1) its physical ability to lift and
process the tree; and (2) the operating cost. Larger trees require larger equipment to with-
stand the stresses involved with lifting heavy payloads, while smaller trees require machines
that will not cause excessive log breakage. Larger trees usually result in lower operating

costs, within the physical
limitations of the equipment
to handle the tree. The exact
relationship depends on the
type of equipment and its
application.

Tree size can be measured
several ways, such as vol-
ume, diameter, height, and
weight. A discussion of vol-
ume per hectare, a charac-
teristic of the stand that is
related to tree size, follows.

OPERATIONAL

Machines that lift and support the tree during the processing cycle are most affected by
tree size, while machines that simply move the trees are less affected. For example,
feller-bunchers are typically used for trees up to about 1 m3 because larger trees are too
heavy for most feller-bunchers to lift. Beyond that size requires the use of hand-fallers
or feller-directors that do not fully support the trees. This action has a ripple effect on

the subsequent phases; for
example, grapple skidders
and clambunks are most
effective when used with
feller-bunchers.

In addition to the size limit
caused by lifting capacity,
some machines are limited
to maximum diameter,
while others can handle a
wide range of sizes. For
example, feller-bunchers

Figure 155
This large processor

from Vancouver Island
can easily handle

second-growth logs.

Figure 156
Smaller logs allow
the use of smaller

equipment.

Site and Stand Characteristics
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and processors are limited by the size of their saws or grab-arms, and it is not uncom-
mon to encounter trees larger than the machine’s capacity. Such trees must be handled
by alternate means such as hand-fallers or hand-buckers. On the other hand, equipment
such as grapple yarders and line loaders can handle almost any size of tree, although
some sizes are handled more efficiently than others. A tree too large for these machines
to handle is rare.

Occasional large logs can be handled as an exception by most systems, but a steady
supply of oversized trees increases wear and tear and maintenance. The equipment must
be selected to efficiently handle the largest tree that will be routinely encountered, and
provisions made to handle the oversized trees.

Smaller trees can also have an impact on a machine’s effectiveness, especially regard-
ing physical damage to the trees. Large grapple yarders or line loaders ineffectively
handle small trees because their grapples are so heavy that it is difficult to avoid break-
age without unacceptable losses in productivity. With mechanical falling, feller-
processors are more exacting machines than feller-bunchers, and are less likely to be
used to push over small trees. Instead, each tree is cut individually, even if quite small,
which can lead to increased utilization of small stems.

However, the issue with small trees is not so much the physical capability of the
machine, but the operating costs. Many harvesting operations require trees to be han-
dled individually, which produces higher costs with smaller trees. Small trees usually
require less time for processing, but the unit cost increases substantially because of the
reduced volume.

Various techniques for bunching and handling several trees simultaneously have been
devised to counteract the trend for increased costs for smaller trees. However, efficiencies
gained at one phase may come at the expense of higher operating costs for another
phase. For example, the advantage of grapple skidders compared with line skidders is
that they can hook and unhook many logs very quickly. However, grapple skidders
require the use of a feller-buncher to work efficiently; therefore, falling costs are increased
compared with hand-falling. Grapple skidders would be uneconomic to operate with-
out the added expense of a feller-buncher, but together, they are effective.

Manufacturers recognize the effect of tree size by producing a range of products in dif-
ferent size classes. The smaller machines are built lighter because they do not experi-
ence the same stress loads; therefore, they have lower ground pressure. The owner and
the equipment dealer must carefully examine the timber resource and match it to the
size class.

The interaction between tree size and terrain features can influence machine selection.
For example, many stands of small trees are within the economic harvesting range for
mechanical systems, but grow on sites too steep for skidders, so different primary trans-
port equipment is required. Swing yarders configured for grapple yarding or clambunk
skidders may be viable options, but they both require feller-bunchers.
Although feller-bunchers can work on steeper terrain than skidders, they also have limits.
Without a feller-buncher, hand-falling would be required, which may make these sys-
tems uneconomic.

ENVIRONMENTAL

Larger tree size may lead to increased soil disturbance if the machine cannot support
the log adequately.
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Volume per hectare and total cutblock volume
The issues of volume per hectare and cutblock volume are based largely on amortiza-
tion of fixed costs.

OPERATIONAL

The fixed costs for moving into a cutblock must be amortized over the cutblock volume.
Larger cutblocks result in lower unit operating costs, and for a given cutblock size, higher
volumes per hectare result in lower costs. In general, the more mobile the equipment,
the more able it is to deal with lower volumes.

In cable yarding, each yarding road also has a setup cost to be amortized. This cost makes
cable yarding more sensitive to volumes per hectare than ground-based skidding.
Machines with shorter setup times can operate more economically in stands with lower
volumes per hectare than machines with longer setup times.

Lower volumes per hectare also require greater lengths of road to develop the same
volume of timber, which increases the amortization cost for road development.

ENVIRONMENTAL

With lower stand volumes, more roads are required to harvest the same volume of tim-
ber which may lead to increased risk of sedimentation, and other environmental impacts
that originate from roads.

Quality
Timber quality is a concern in the log-manufacturing process. Log manufacturing
includes removing the branches, topping the trees, removing rot and defect, cutting the

logs to length, and sorting.
The objective is to produce
logs acceptable to the mill
from the existing timber
resource at an acceptable
cost. Higher-quality trees
require less processing and
produce less debris to be
managed.

Timber quality, although
important, is not usually the
primary driving factor in
choosing equipment for log

manufacturing. More important is how the manufacturing process fits into the overall
harvesting system, including final delivery to the mill.

Trees can be processed into logs at different locations, including a central processing
yard, roadside, landing, or stump. The choice of processing location is a long-term de-
cision that affects the equipment selection. Once the decision is made and appropri-
ate equipment acquired, there is limited flexibility to change the location.

The type of equipment influences the size and location of debris piles, a by-product of
log manufacturing. Issues such as nutrient recycling from branches and needles, road-
side compaction, debris disposal, and net plantable area are all affected by the choice
of processing location.

Figure 157
Does the timber

quality warrant hand-
or mechanical falling

and processing
methods?
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OPERATIONAL

Since tree quality is a factor mainly in the processing phase, the discussion will focus
primarily on the processors, even though log quality should be considered for all phases.
Any changes made to the log-manufacturing processes must consider the impacts on
the other phases.

The most basic choice for processing methods is whether to use manual or mechani-
cal methods, a choice governed largely by other factors such as terrain or tree size. How-
ever, quality does have an effect (e.g., small, limby trees with abundant decay would
be better suited to mechanical processing because of the amount of labour required for
hand-bucking). In very decadent stands, safety hazards such as rotten tops and branches
can fall on the hand-fallers. This is especially true in partial cutting systems, when making
the initial opening in a clearcut, or when falling the right-of-way for road construction.
Hand-fallers and buckers can examine each log individually to make the best falling or
bucking decision. In selection systems, the crop trees are chosen according to visual
clues that may be difficult to see from the cab of a feller-buncher. Hand-falling may be
required to achieve the quality objectives. With a properly trained grader-bucker, the
value of high-value trees can be further increased by proper bucking. Mechanical fall-
ing and processing are better suited to uniform or lower-value trees that are treated more
as a commodity.

With mechanical proces-
sors, the dangle-head ma-
chines tend to work better
with small trees with small
branches as compared with
stroke delimbers for larger
trees with larger limbs. The
drive systems used on dan-
gle-head processors to
move the logs through the
head tend to slip on the
trees with large limbs, but
the strokers have a better
grip. Depending on the
method used for encoding the length-measuring information, slippage may cause
inaccurate readings and require the log to be reprocessed to obtain a correct length
measurement. Even without the complications caused by slippage, length-measuring
equipment must be calibrated regularly to ensure proper operation.

Dangle-head processors cut the log to length after just one pass over the stem, while
strokers usually make two passes before cutting the log. Thus, strokers can examine the
entire log for defect (either visually or mechanically) before making the bucking
decision, and should make a better decision. However, this distinguishing characteris-
tic may not be important in stands with smaller trees, where the bucking decision is
based on top diameter.

Sorting may be a concern in multi-species stands, or stands with many different prod-
ucts. Sorting by mechanical processing at roadside is limited to two or three sorts, but
sorting on landings is usually done with a second machine such as a front-end loader,

Figure 158
The fast processing
time on this small
dangle-head processor
makes it well suited to
small-diameter trees.
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and the total number of sorts can often be increased. Depending on the landing size
and configuration, six or more sorts may be feasible. 

Feller-processors used in cut-to-length systems are efficient at removing mid-stem
decay that may otherwise go unnoticed until the log reaches the mill. By removing the
decay as soon as possible after felling, the amount of unusable material that is transported
through the system is minimized. On the other hand, feller-processors are more fragile
than feller-bunchers, and less liable to be used for pushing over undersized trees.
Instead, each tree must be cut individually, which provides the incentive to make a log
from the tree. Utilization can be improved from stands with a high percentage of small
trees by using feller-processors.

Windfall can affect the choice of equipment and methods. Safety is a primary concern,
especially for hand-fallers. Rootwads can easily crush a worker if proper precautions
are not taken. Mechanical falling is much safer, but the equipment must be large enough
to handle the tree size. Feller-buncher heads with high-rotation side-tilt can improve
productivity compared with the regular felling heads because they can align with stems
lying in many different directions, such as might happen after a windstorm.

ENVIRONMENTAL

Debris disposal is influenced by timber quality — the more decay, defect, and branches
on the trees, the more debris generated. The consequence of more debris will vary
depending on the processing location (i.e., at the stump, roadside, landing, or central
sortyard).

With at-the-stump processing, the tops and branches remain on the site, and their
nutrients are eventually recycled into the soil. However, the tops and branches may also
interfere with silviculture treatment or present a fire hazard; the relative importance of
these issues will vary depending on the local requirements. At-the-stump processing can
be accomplished with a variety of equipment, as determined by other factors such as
terrain and tree size.

With roadside, landing, or central-yard processing, debris management must be
addressed, although it does not substantially affect the selection between various equip-
ment types. 
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Weather and Climate

Adverse weather conditions can disrupt harvesting operations for any given day (e.g.,
it may be too rainy for skidders, too windy for fallers, or too foggy for helicopters to
operate). Even though the exact days that will be affected cannot be predicted, plan-
ners usually account for some shutdowns to occur based on local climate, or long-term
average weather patterns.

OPERATIONAL

Weather mainly has an impact on operating techniques, rather than on equipment
selection. Some ways that weather influences harvesting operations include:

• Heavy rainfall increases the risk of unacceptable soil disturbance by skidders
because of high soil moisture content. 

• High wind increases the safety hazard for fallers. 

• Dense fog reduces visibility, making grapple yarding difficult. 

• High wind and dense fog make flying helicopters unsafe.

• Hot, dry weather increases the chances of fires starting on cable-yarding cutblocks
because of friction from rubbing cables. Other potential sources of ignition include
high-speed saws on feller-bunchers and sparks from tracked machines working on
rock.

• Cold weather makes branches more brittle, and easier for delimbers to remove.

• Dense snow caused by slight warming improves the traction for wheeled skidders.

• Deep snow covers the felled timber and makes footing unsafe for choker-setters on
cable yarders.

Each machine type is influenced by weather in its own way. Wet weather typically
affects ground-based equip-
ment more than cable
equipment. Yarders are
more affected by wind and
poor visibility than ground-
based equipment. Helicop-
ters are most influenced by
poor weather since they re-
quire safe flying conditions.
Occasional days lost to poor
weather conditions are ac-
cepted as a cost of doing
business, but the average
frequency of shutdowns caused by weather must be considered.

The long-term weather, or climate, will often influence the annual work schedule,
especially as it relates to seasonal operating areas. In coastal areas, operations typically
move from the high elevations in summer to low elevations in winter to make opera-
tions easier. Such problems as icy roads, slippery footing on steep sideslopes, and logs
buried under the snow are minimized. In contrast, Interior operations usually favour
winter conditions when frozen ground and snow cover reduce the risk of causing soil

Figure 159
Operating ground-
based equipment on
sensitive soils during
wet weather can result
in site degradation.
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disturbance. Logs buried under the snow are less of a problem with ground-based sys-
tems because the delay between falling and skidding is usually less than for yarding. With
less time between phases, the risk of unexpected snowfall is reduced.

Although equipment selection is driven primarily by terrain and timber, the climate may
influence the choice in some situations. For example, when choosing between skyline
or helicopter systems, a high number of foggy or windy days would favour the skyline
over the helicopter. Also, climate and soil conditions may work in combination. For
example, the summer operating season for skidders may be too short to be economi-
cal, while the longer operating season of forwarders may favour their use.

These influences of weather and climate pertain to operating techniques, rather than to
the equipment selection itself. For the most part, equipment selection is guided by ter-
rain and timber considerations, while the weather and climate simply affect the way that
the equipment is used. Flexibility is the key to working with weather — have alterna-
tive areas to which to move the equipment if weather conditions force the closure of
the current area.

ENVIRONMENTAL

Wet weather increases soil moisture content, and the risk of causing unacceptable soil
disturbance with ground-based systems. On steep sideslopes with cable systems, poor
weather can increase the risk of slope failures. This effect is most pronounced along the
standing timber edge, where high winds can cause windfall which can trigger slope
failures. The slope failures may cause stream sedimentation. Environmental problems
usually occur during bad weather.

However, bad weather affects the choice between equipment types less than the
timing of operations. If the ground is too steep for environmentally safe ground-based
equipment during wet weather, it is also likely to be too steep during dry weather.

Site and Stand Characteristics
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