


at large dumping terminals and millyard storages

- transferring wood to roads, from either railway
transport or bundle floating, would result in
greater environmental effects and roadways would
be further stressed near built-up areas, thus
resulting in increased traffic risks and road
wear

- land storage of unbarked wood in the summer can
cause damage to surrounding stands, while water
stored wood generally has little effect, unless
large quantities are stored unbarked near conifer-
ous forests over a long time since 10 to 15 % of
the bundle volume is susceptible to insect damage
unless the bundles are rotated or sprinkled with
water

- the majority of waterway channels are usable for
floating with little or no improvements required;
also maintenance of waterways is minimal since
they do not wear with use

- a waterway transport network is the most depend-
able method in times of crisis; e.g. energy supply
problems :

RATIONALIZATION WOOD TRANSPORT IN PRACTICE

As mentioned in the introduction, there are
many firms with mills at different locations pro-
curing wood in the area. In floating, the irration-
al operation of many different firms on the same
channels became apparent quite early in industrial
wood procurement as we know it today. Thus, the
Kymi Floating Association was formed in 1873
(Seppdnen 1937). In the Saimaa area, Pielis Elfs
Flotnings Aktiebolag Oy was formed in 1886 by two
companies floating on the Pielis River. Gradually,
a number of floating associations and companies
were formed in the area. In 1930 the Savo Floating
Association and Northern Karelian Floating Associa-
tion were formed, and are still in operation today.
The two associations are responsible for floating
in the northern half of the area and at two channel
bottlenecks in the southern half (cooperative float-
ing). Rationalization of private floating in the
southern half of the area has also occurred and
only two companies, Tehdaspuu Oy and Enso-Gutzeit
Oy, have floating operations today. Floating
associations are non-profit organizations who trans-
port wood in an area and distribute costs to the
member companies according to their share of the
transport ocutput. In the private floating area,
contracts are made between companies with floating
operations and other companies with wood to be
transported.

Tehdaspuu Qy, which started operations in 1968,
was another step in rationalization of wood procure-
ment in the area. It is responsible for procuring.
wood for four separate companies. This cooperative
venture allowed the elimination of overlapping or-
ganizations. Cross-hauling by the four companies
could also be eliminated.

Tehdaspuu Oy and Enso-Gutzeit Oy, the two
largest wood procurement organizations in the area,
also employ optimization models for aiding long-
distance transport decision-making. The decision

208

areas are generally based on municipal areas and
employ average costs from the areas to mills.
Metsdteho, the Forest Work Study Section of the
Central Association of Finnish Forest Industries,
has also developed a number of mathematical methods
for wood procurement optimization (Eskelinen 1984,
Eskelinen and Peltonen 1982, 1980 and 1977). Al-
though the methods give valuable information and

are helpful in long-distance transport decision-
making, they are subject to the limitations mention-
ed ‘in the introduction. To make the methods oper-
ational, since they are based mainly on mathematical
programming techniques, simplification of the pro-
blem and averages for areas must be used. Gillam
(1969) states that mathematical programming is only
applicable to hypothetical problems and is of little
use in practice. Also, a clear picture of the over-
all transport situation is not easily available from
the above methods.

Other rationalization has occurred, resulting
through practical experience and research. There
have been major developments in truck transport to
keep it competitive. This is apparent from the
section on long-distance transport information.
Although railway transport and floating should be
less susceptible to inflationary pressures than
truck transport (Vesikallio and Salminen 1978), the
rate of increase in truck transport from 1972 to 1982
was slightly less. In railway transport, special
cars have been developed and unnecessary terminals
discontinued. Improving the condition of terminals
in use has also been another important development.
In water transport, floating operations have been
concentrated into the main channels, and terminal,
towing and transfer facility operations developed.
The use of redundant terminals have been discontin-
ued and today, based on average minimum distance to
terminals, the optimum terminal distribution has
been reached. Only in some individual cases are
terminal location improvements required. Any reduc-
tion in the number of terminals today would result
in excessive increases in initial transport dis-
tance, while additional terminals would have no
significant effect on reducing the average distance
to terminals. Increasing the flexibility of water
transport through the use of barges is also under
investigation.

DATABASE FOR SIMULATION EXPERIMENTS

This section briefly introduces a database
based on the uniform coordinate system. The uni-
form coordinate system is a grid system (perpendi-
cular intersecting lines) based on the Gauss-Kriiger
map projection. In Finland, one projection corridor
is used to cover the entire country. Thg centre-
line of longitude for the corridor is 27 E. This
corresponds to the grid centrsl meridisn which is
500. Lines of latitude of 60N and 64 N intersect
the grid central meridian at grid lines 6710 and
7100. By using the uniform grid coordinate system,
all grid squares have the same area since the effect
of the earth’s curvature is eliminated. Storage of
data at uniform coordinates is simpler and its use
in simulation models made possible.
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A grid with a 2.5 km interval between grid
lines was chosen in the study. The scale of the
map mosaic covering the area was 1:200 000; the
distance between map grid lines was 1225 cm, Each
grid square covers an area of 6.25 km~ and it forms
the basic unit of each information matrix having
dimensions of 144 x 114 (1 x w). Due to the shape
of the watersheds under study, 9 048 of the total
16 416 squares lay in the study area. Figures 3,
5 and 6 were drawn from hard copies of information
matrices. The Y and X axes of the computer print-
outs are not of the same scale due to the differ-
ence between character density per line and line
density. Thus, figures 3, 5 and 6 show the area
to be more elongated than it actually is.

When registering the transportation system
information the map area covered by each grid square
was examined. If it did not lay in the study area
it was labled according to whether it was in an-
other area of Finland or in the Soviet Union. Other-
wise the presence of the following features was
recorded:

drain by wood assortments and district forestry
boards, wood volumes dispatched from terminals, in-
dustrial cuttings, wood consumption at mills, channel
costs, etc.

The storage of the above data for each grid
square is only possible with a computer. With the
data readily available in digital form, information
matrices could be developed. Simulation models and
experiments could be easily devised and used in a
heuristic manner to help in long-distance transport
evaluation and decision-making. A set of transport
route search algorithms were devised for the system.
A series of costing subroutines also allows the de-
termination of actual transport costs. By entering
the grid coordinates of the source and destination,
and the wood assortment to be transported, trans-
port between the two points by all transport methods
is simulated and pertinent information produced.
This is done with the aid of a master program com-
bining the above mentioned information and sub-
routines.

Due to the nature of this paper, further explan-
ation of the above heuristic simulation system is not
possible. A major report dealing with the above will

1. roads
11. highway network

111. class I {primary national) highway
112. class II highway
113. unsurfaced highway
12. community road
121. bound surface
122. unsurfaced
13. private road
2. railway network
21. actual railway
22. railway terminal
221. terminal with stationary crane
222. terminal without stationary crane
23. railway spur
3. water transport network
31. water transport channel
311. bundle floating channel in use
312. bundle floating channel not it use
313. free-floating channel
32. bundle transfer facility
321. bundle crane/track
322. lock
33. water transport terminal
331. bundle dumping terminal in use
3311. dumping ramp only
3312. ice storage area only
3313. dumping ramp and ice storage area
332. bundle dumping terminal in sporadic use
333. abandoned bundle dumping terminal
334. harbour
4, watershed
5. water coverage percentage
6. mill
61. sawmill
62. wood-based panel mill
621, plywood mill
622. particleboard mill
623. chipboard mill
63. pulp and/or paper mill
7. district forestry board
8. municipality

Additional information relating to the area
was also gathered: for example, annual allowable
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be published by the author in the near future.
SUMMARY

Since long-distance transport occurs in a dy-
namic environment with the presence of uncertainty,
decision-making is very difficult. Rationalization
of wood delivery has occurred in many areas; from
the consolidation of wood procurement operations,
to the actual development of each method. When
deciding on the proper use of long-distance trans-
port methods there are both business economic and
national economic points of view. Generally the
following business economic factors must be taken
into account:

1) availability of wood for purchasing

2) harvesting schedule (i.e. availability of wood
at roadside)

3) harvesting methods in use and costs

4) direct transport costs

5) time required for transport of wood from forest
to mill

6) technical factors in regard to presence of suit-
able transport routes and effect on wood quality

7) wood holding costs at the mill

8) dependability and service provided by each method

9) wood demand at the mill

In regard to national economic factors, the
competitiveness of each method depends mainly on the
productivity of various resources: for example,
labour, energy and capital. A transport method’s
effect on the environment is another factor. The
ratio between domestic and imported materials re-
quired by each method is also important. The de-
pendability and applicabiltiy of each method in
uncertain conditions should also be accounted for.

Mathematical programming techniques have been
used to a wide extent in aiding transport decision-



making. However, use of the methods is limited due
to the very large number of variables involved and
uncertainty.

This paper has ocutlined the environment and
factors which had to be accounted for in a study
dealing with the development of a system to help
in the coordination of the variations in water
transport and wood procurement. The system, a heur-
istic simulation system, was briefly introduced. A
detailed description of the system was not possible
due to the nature of the paper. However, since all
information relating to the transport system in the
area is readily available, transportation problems
can be readily simulated, and the information used
in problem solving and decision-making. A system
of this type is also applicable in solving other
problems related to forestry or in fact, any other
field with a geographical distribution.
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CONTROL OF WOOD DELIVERY AND ASSOCIATED WOOD INVENTORY IMPLICATIONS IN NEW ZEALAND!

J.E. Galbraith?

R.N. O'Reilly3

Abstract. - The experience of controlling wood deliveries and managing log inventories at the

N.Z2. Forest Products Limited, Kinleith mills is described,

There are a number of geographical,

organisational and climatic factors which allow close control of wood flow and minimal wood

inventories at Kinleith.

Operations research techniques were first applied to aid the management

of the wood flow in 1965 and there have been a number of studies since to further refine control

of the system.,

Minimal inventories, equivalent to only a few days of usage, offer significant advantages in

fresher wood, reduced handling costs and capital servicing,

However, the resulting flow system is

very dynamic and requires considerable short term control effort.

Key components of successful wood flow control were found to be :

- understanding the variability of the wood supply and demand and, where possible, improving

forecasting.

- a system of short term (weekly) review and control,

- reasonably accurate estimates of inventories.

In the final analysis, control actions are a compromise between the need to return the system
to target as soon as possible and the need to preserve some stability in wood production and

delivery rates and hence maintain efficiency.

INTRODUCTION

The management of wood flows in a forest
harvesting and utilisation operation has many
similar characteristics to the management of any
material supply, handling a~d processing
system :

- there must be an overall balance of inputs
to outputs,

- there are a number of processes within the
operation, working at variable rates, and
these too must be balanced,

- buffer stocks, or inventories, are held
between the different processes to allow

them to operate as independantly of
upstream or downstream variation as
possible. But the levels of the

inventories must be economically examined
and justified.

1 Paper presented at the conference
COFE/IUFRO - 1984, Orono, Maine, U.S.A. 12-14
August,

2John Galbraith is Director, New 2Zealand
Logging Industry Research Association, Rotorua,

N.Z, and formerly Wood Supply Manager, N,Z.
Forest Products Limited, Kinleith, N,.Z,
3Ren O'Reilly is Lecturer in Forest

Engineering and Harvesting, School of Forestry,
University of Canterbury, Christchurch, N.2.
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Many of the common business techniques of
simulation, linear programming, inventory
control, queuing theory, etc., can be applied to
help improve the management of wood flows.

The experience in the use of some of these
techniques, plus some basic control theory, in
managing wood flows at the N.2. Forest Products
Limited Kinleith mills is described. Aspects of
research to identify the factors that affect the
efficiency of planning and control are also
described and the implications for management
discussed,

THE WOOD SUPPLY SYSTEM

The wood supply system at Kinleith has a
number of characteristics which allow for, and
demand, close control of wood flow and minimal
wood inventories.

- Geographical location., The mills are
located within the Kinleith forest, the
main source of supply, and other sources
of wood are relatively close. Average
transport lead distance is a little over
30 km with a maximum of 120 km.

- Eighty to ninety per cent of the wood
comes from Company owned or controlled
sources,

- There is a close integration of growing,
harvesting and utilisation functions,
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FIG. 1 - KINLEITH WOOD FLOW SYSTEM

- The climate is favourable for year round
work.,

- A single species, Pinus radiata,dominates
the woocd supply. Minor pine species and
native hardwoods make up only 5% of the
mix,

- The fast-grown radiata experiences quick
deterioration after felling, by way of
fungal and insect attack and drying out.

For the benefit of North American readers,
the control of the wood supply organisation
("woodlands") extends through to the mill input,
i.e. logs on the sawmill or chipper infeed chain
or purchased chips on the outside chip storage
slab, Thus the wood supply organisation manages
the mill site log storage and handling, as well
as delivery., . Wood supply totals 2.5 million
tonnes per annum. '

INVENTORY CONTROL

Kinleith first took a scientific approach
to setting target log inventory levels in 1965.
By direct mathematical comparison of log supply
and usage variation and by considering the costs
of holding inventories, the following policy
levels of site inventories were struck:

Pulpwood 3,800 tonnes
{equivalent to 1.3 days usage)

Sawlogs 1,900 tonnes
(equivalent to 0.5 days usage)

These were minimum safety levels; site log
inventories were built up on top of these levels
Monday to Friday each week to cover five-day
supply, seven-day usage pattern, and also built
up to cover long holiday and Christmas periods.
Thus the safety levels applied to the log
inventories which should be on site on the next
‘normal' Monday morning.
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Wood inventories were also held in the
forest at roadside landings and on the mill chip
piles,

These first studies reported that the costs
of handling inventory and of running out of
wood, had only a small influence on the optimum
minimum inventory level,

In 1974, following a doubling in pulpmill
capacity and wmassive- increases in finance
interest rates (and therefore the cost of

holding inventories) the log inventory policies
were re-examined. This- time a simulation
approach was used, Historical distributions of
log 'supply and usage, the costs of holding
inventory, the costs of running out of wood and
the costs of taking extraordinary measures to
maintain supply, were combined in a stochastic
simulation model, As a result, the recommended
optimum. safety levels for site log inventories
(pulpwood and sawlogs combined) were:

7,000 tonnes
(equivalent to one day's usage in total).

And the chance of running out of wood was
estimated as being once every four vyears.
Despite the major changes in the magnitude of
some of the inputs to the calculations, there
was remarkably little change to the total
inventory policy 1levels as a proportion of
usage. The sensitivity of the optimum inventory
level to changes in the various inputs was
tested, It was found that the optimum levels
were primarily a function of the patterns of
variation in supply and usage, and were not at
all sensitive to the cost of capital, the cost
of running out, or the cost of handling
excessive inventories.

A similar simulation approach to setting
optimum inventory levels was subsequently




applied to an Eastern Canadian pulpmill and
similar principles emerged, i.e. that optimum
inventory levels are primarily a function of the
variations in supply and usage (Galbraith, 1977,
Galbraith and Meng, 1981).

These findings are not too difficult to
rationalise. For a reasocnably balanced wood
flow system, there will be a level of buffer
inventories which will reduce the chance of
running out of wood, and of overstocking, to an
acceptably low level, At this level, the costs
of such consegquences are reduced by the same low
level of probability.

Returning to the Kinleith experience;
policies for log inventories were then set as:

Site:
Pulpwood 4,000 tonnes (1.4 days usage)
Sawlogs -
summer 1,875 tonnes (0.5 days usage)
winter 2,500 tonnes (0.7 days usage}
Forest:
Pulpwood 15,000 tonnes (2,6 days usage)
Sawlogs -
summer 5,000 tonnes (1,4 days usage)
winter 7,000 tonnes (2,0 days usage)

The forest log inventories were not set by
scientific means, but rather by experience. At

levels below those set, it was found that
loaders spent an excessive amount of time
shifting, and truck utilisation dropped off.

Any loss in efficiency in loading and trucking

would quickly negate the relatively small gains
in reducing capital invested in inventory at
this lower cost stage.,

In addition, buffer stocks of chips were
held on site on outside chip storage slabs.

PRODUCTION CONTROL
Classic inventory theory speaks of
'inventory control', i.e. the direct management
and manipulation of inventories. In the wood
supply system however, inventory control is a
misnomer. Since wood inventories can generally
not be manipulated by selling off excess or
buying in to make up, it follows that the only
effective action is to deal with the cause, not
the symptom,

Fluctuations in inventories are a result of
imbalances in supply and demand., Since the wood
supply manager can generally not influence
demand, if he is going to try to adhere to
inventory policies he must have an effective
method of production control.

A formal system of log production control
was introduced at Kinleith in 1976. The basic
planning horizon was set at one week. Log
inventories in the forest were estimated at the
end of each week and inventories on site were
estimated daily.

The simple arithmetic basis for determining
target log production for the week was:

WOOD SUPPLY
DEMAND TOTALS LOG PRODUCTION SOURCES
(i) (ii) (iii) (iv) .... | TRANSPORT
(i) — =
(ii)
THIS LAST
WEEK WEEK
(iii) OPEN STOCK e o PR
PRODUCTION PP o o o
TRANSPORT “ o o « o o
(iv) CLOSE STOCK « o o o o o
4]
(7]
1771
é (v)
TOTALS

FIG. 2 - PRODUCTION CONTROL MATRIX (for weekly planning and control)
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Forecast demand, plus target (policy) site

and forest inventory, less actual
beginning inventory.
and for determining target log transport

(delivery) was:

Forecast demand, plus target site
inventory, less actual site inventory.

These targets were then entered on a
production control matrix board (fig.2). The
matrix was broken down into the different 1log
classes and log sources and discussed among the
wood supply management people at the beginning
of each week. At the same time, using measured
delivery information and dinventory change
estimates, the actual productions and deliveries
for the previous week could be compared to the
plans for the previous week.

The advantage of the system was that it
very closely linked forecast demand and planned
supply, and kept log inventory targets as objec-
tives each week. It also gave quick assessment
of the effectiveness of control, The feedback
loop linking supply and demand was very short
and reactive.

Experience showed that the system was Jjust
too dynamic to be controlled this closely.
Fluctuations in demand in particular sometimes
caused actual inventories to move significantly
away from target within a week. Target
inventories (particularly on site) were quite
low compared with weekly demand, and it didn't
take much of an }mbalance in flow to cause a
major inventory movement,

When this happened, it became unrealistic
to expect the system to be returned to target in
the next week. ‘

At each processing stage of a wood f£low
system, the general objective of its management
is to achieve stability and security, Apart
from the fact that people generally like to be
stable and secure, it also helps to improve
efficiency. A logging crew, for example, cannot
be expected to operate efficiently if it is
constantly being required to move its output up
and down, and jump from area to area. As noted
before, losses in efficiency can quickly negate
gains in e.g, inventory costs.

Yet if wood flows are to be kept in
reasonable balan-e, and if the obvious benefits
of optimum inventory levels are to be achieved,
some degree of production control must be
exercised.

The compromise was to move away from the
objective of returning to target inventory
levels necessarily in one week and to take a
longer time horizon, appropriate to the size of
the adjustment required.
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This introduced another level to the
planning process; a set of programmed
productions and transports which were an agreed
plan of action, often different to the target.
The program figures represented the compromise
of moving the system back toward target, but at
a pace acceptable to the production management,

In summary, the three 1levels of weekly
production planning and control data were then :

Target - a strict arithmetical calculation
of demand, plus or minus an inventory
adjustment to return inventories to
target.

Program - an agreed plan of action, often
different to target, but normally
reflecting a move toward target.

Actual - the actual productions and
deliveries at the end of the week, which
could be compared to program to test the
ability of area management to adhere to
agreed plans.

EFFECTIVENESS QF CONTROL

In 1978 author O'Reilly began studying the
wood flow system at Kinleith to identify its
particular relationships., As an outside view it
gave an interesting assessment of the
effectiveness of the production control.

While numerous - texts describe the
techniques used in modelling (e.g. Daellenbach
and George, 1977), there are few examples of the
application of such techniques to the modelling
of wood flow, Lénner (1968) and Newnham (1975)
both applied linear programming to a wood supply
problem to minimise the total cost of wood
supplys however, both assumed a fixed mill
demand situation. Hewson (1960) studied the
dynamics of inventory using simulation in a
variable demand situation, although his model
allowed only restricted variation in both supply
and demand, The above studies also suffer from
a fault common to most forest operation models,
which is to emphasise planning, with little
thought to control: "To a considerable extent,
control of operations has been left to operating
personnel, The result is that planning and
control have largely been done in isolation from
one another, with little feedback from control
personnel to planning personnel and even less
attention by planners to the special prcblems of
operational control®” (Dykstra, 1981). The
important characteristic of this operation is
that the planning and control are purposefully
linked, and thus in the research into the
system, this connection is of prime importance.

The wood flow system at Kinleith was
modelled to represent the planning and control
activities under normal conditions (i.e. no
major strikes or mill shutdowns). In the




models, the relationships between the various
stages in planning and control (i.e., demand -+
target -+ program =+ actual, for both wood
production and wood transport) were derived;
measures of variability were included in the
models to reflect the real-world variation
experienced,

Historical data was used to validate the
model. and then to study the significant
relationships within the system,

Some important results of the study were :

The major inputs to the planning and control
system are :

- The estimated log inventories in the
forest and on site at the beginning of the
week.

- Forecast demand for the different
classes, expressed on a weekly basis,

wood

(1) Estimates of inventories :

The accuracy of the estimates of log inventories
are important on three counts :

- log inventories are a component of the
formula for calculating required 1log
production and deliveries for the week
ahead,

- log deliveries are measured by weight
coming on to the Kinleith site. Mills on
site are fed directly from trucks or from
stockpile., Therefore the actual input to
a mill is assessed from the daily haul
plus a stock adjustment,

- log inventories are also a component of
the formula to ocalculate actual production
and delivery.

Estimates of log inventories on forest roadside
landings were known to be coarse and prone to
error, depending on the experience and skills of
the 20 or so different people making the
estimates,

Log inventories on site were also estimated by
eye but generally by the same one person and
were independantly surveyed each month by
volume measurement of the log piles,

Although there was more confidence in the
estimates of the more critical site log
inventories, there was a general requirement to
improve estimating, as errors could not only
result in incorrect planning, but also compound
the problems of control.

(ii) Estimates of demand :
Each week the wood-using wmills provided

estimates of log demand for the coming week,
For most of the mills the model showed that
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there was reasonably good correlation between
actual usage and forecast demand, However, for
one mill, unfortunately the largest user,
forecasting was very poor and the model in fact
showed 1little correlation between what it
actually used and what it said it would need,
Forecast demand was often set at or near mill
capacity and so variation was normally in one
direction - down, Being such a big user, the
result was that log inventories in that class
would often move very rapidly up, certainly at a
faster rate and to a level beyond which the
weekly control system could cope. The downward
fluctuations were due to internal mill factors
which are not within the centrol of the wood
supply personnel.

Wood supply was then faced with an extended
period of production control to try to bring the
system back to target, often taking many weeks.
The study added weight to the long term
complaint of the wood supply people -~ the need
for more reliable forecasting of demand.

In recent years forecasting improved as mill
production became stable and as more realistic
mill production targets were set,

Another interesting use of the modelling
was to assess the effectiveness of wood flow
control. As an example, the general finding was
that there was reasonable correlation (though
lower than expected) between actual and
programmed log production. However, the
performance of the transport phase was more
significantly influenced by the forest log
inventories, i.,e. the wood available to haul,
than the program, i.e. what was required to
haul,

The transport phase, despite planning
targets, was tending to work to move forest
inventories, particularly if they: were above
target, and this in turn encouraged log
production. This latter was a natural tendency
of the production crews - somebody obviously
wanted their wood!

The result was that the site inventories
would build up and not until the log yard filled

would transport slow and in turn slow
production. The system was being driven by the
supply end, not the demand end., Reaction to

variation in demand and to inventory
fluctuations was too Slow as a consequence.

The solution was to put a lot more
attention into requiring transport to hold to
plan. If transport was reacting more quickly to
demand this in turn would demonstrate, quickly
and practically, the demand pattern to the
producers. This helped reinforce, in a
practical way, the message coming out of the
weekly production control planning meetings.
This was successful and, apart from taking a lot
of inertia out of the control system, tended to
push more inventory fluctuation out to the lower
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cost forest end,

Figures 3 and 4 show the actual pulpwood
log inventory levels in the forest and on the

site for the years 1981 to 1983, Some
observations :
(1) Three planned inventory buildups occur

each year :

- in December to cover the reduced
deliveries during the holiday period

- in April and either September or

October as a result of planned
maintenance shutdowns on pulpamill
equipment,

These planned buildups are superimposed on
the target inventory levels and the
objective is to get inventories back to
target as soon as practicable after the
event,

(ii) The shape of the inventory profiles shows
the tendency for the inventories to build
up rapidly, generally due to a shortfall
in usage, and then taking a cecnsiderably
longer period of production contrel to
bring the inventories back to target.

(iii) Comparing years 1981 and 1982 illustrates
the effect of using transport more effec-
tively in the control procedure, In 1981
a series of mill production problems in
February and March, followed by an
extended maintenance shutdown in Aapril,
caused a significant drop in |usage.
Because the transport phase did not react
quickly enough to the reduced demand, site
inventories continued to build up to the
point where the mill yard was full,
Through all this the forest log
inventories did not move much at all,

Thus the problem was carried at the
highest cost stage, and incurred
significant costs of handling excess

stockpiles on site,

In 1982, when a similar pattern of reduced
demand occurred, transport was controlled
more effectively to match demand on site
and most of the buildup in inventory was
taken at the forest end.

As a final word on the effectiveness of the
overall wood control system; the mills have
never (barring major industrial actioen) run out
of wood, and the system has operated with a site
log yard which will hold at most only five days
usage.

SUMMARY

Over the past 19 years at Kinleith, a
process of scientific investigatien, evolution
and experience has produced a production control
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system which has successfully maintained wood
supply with minimal log inventory holding
facilities, The basis of control is a weekly
planning and control procedure involving
management directly concerned with wood supply.
A series of optimum log inventory levels have
been calculated which minimise the expected
total cost of holding inventories (including the
costs of running out of wood) and these optimum
levels are used as planning targets. The
procedure moves through the stages of :

TARGET = Forecast demand
+ target inventory
- actual inventory
PROGRAM = Agreed plan of action, moving
toward target
ACTUAL = Actual performance at week end

which can be compared with
program,

Key inputs to the procedure are forecast
demand and inventory estimates and it is
important that these are as accurate as
possible.,

Close control of the transport (delivery)
phase proved to be the most effective way of
controlling the higher cost site inventory
levels and influencing log production.

With the above procedures it has been
possible to maintain a log supply of 2.5 million
tonnes p.a. Oof a variety of different log
classes, with a safety site inventory of only
one day's log supply and a maximum site log yard
capacity of only five days supply.
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EFFECTIVE FOREST ROAD PLANNING FOR FOREST

OPERATIONS AND THE ENVIRONMENT

Yasushi Minamikata?

It is now the most important to minimize the influence of

forest road construction on the forest environment.

In this

paper, methods to estimate the total length of forest roads in
a planning area, to locate the roads as a networks, and to
select the optimum route of the main forest roads etc. are

presented.

INTRODUCTION

About sixty seven percent of the land area of
Japan is covered with forest from the sub-tropical
zone in the south or at low altitudes to the sub-
frigid zone in the north or at high altitudes. The
average temperature in the summer season is fifteen
degrees and the average annual rainfall is 2,000
millimeters. Such a warm and rainy climate favors
the growth of trees and the appearance of artifi-
cial forests might be traced back to about 400
years ago. Thirty nine percent of the forest area
is now made up of artificial forests and the domi-
nant species are japanese cedar, cypress,and larch.
The Forest Agency in the long-range plan intends
to enlarge this to fifty two percent by 2,025 A.D..

It takes more than two centuries for forest to
recover from the damage caused by harvesting and
revert to useful softwood forest again. In con-
trast the regeneration periods if artificial me-
thods are used in less than seventy five years.
However, in comparison with natural regeneration,
artificial regeneration requires a lot of labour
for planting, weeding, pruning and thinning.
Usually, 200 to 400 men per hectare are said to be
required through the entire regeneration periods,
though this varies with tree species, regional
customs, etc..

Generally speaking, the greater the labour
required in stand establishment and the higher the
labour cost, the more significant will be the road
network in the forest. The Forest Agency there-
fore, in the long-range plan, calls for the opening
up 440,000 kilometers of roads in the forest area,
equivalent to eighteen meters per hectare when
public roads passing through the forest area are
included. But so far this has not been achieved
and the present densities are very low compared- to

1Paper presented at the conference COFE/IUFRO
- 1984. Fredericton, N.B., Canada, 15-18, August.

2Ya.sushi Minamikata is associate professor of

Faculty of Agriculture, University of Tokyo, Tokyo,
Japan.
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the target. In such circumstance, the demand for
the expansion of the forest road system becomes
greater.

" On the other hand, there is a tendency to
emphasize the influence of forest road construction
on the ecosystem or natural environment of the
forest. Opening up forest roads occasionally
causes land slides sometimes on a large scale, so
that it is very important to assess not only the
economic effects of road construction on forestry
but also the various impacts acting on the environ-
ment of the forest before building a dense road
network.

DETERMINATION OF THE TOTAL
LENGTH OF FOREST ROADS

There are three kinds of forest road in Japan,
first, second and third class. The former two
classes are forest roads for ordinary logging truck
use. First class roads are trunk roads within the
forest road network. Second class roads are the
most popular and the total length constructed
annually is far greater than that of first class
roads. Third class roads are roads for the use
of light types of vehicle with engine capacities
less than 500 cubic centimeters. The main stan-
dards of the geometrical design are shown in
table 1.

Table 1.--Standards of main geometric design of
forest roads in Japan.

Road Design Width Shoulder Radius Grade
class- speed
(km/hr) (m) -(Z)--
18t 40(30) 4.0 0.5 60(40) 7(10)
2nd 30(20) 3.0 0.5(0.25) 30(20)  8(12)
3rd 20 2.0 0.5(0.25) 15(12)  9(14)

The figures in parenthesises are allowable
values under the special conditions respectively.



Forest owners, including The National Forest
Service, wish to increase the total length of road
in their forest area as quickly as possible, so
the length of third class roads opened annually is
equivalent to or greater than the total length of
first class and second class roads. The reasons
are that low class roads are not expensive to con-
struct and, if necessary, they can be upgraded in
the future.

Under such circumstances, it is considered
that it is time to introduce a new idea into the
road network system, i.e. the compound road system
which is composed of more than two kinds of forest
road, not only high class roads but also low class
roads (Minamikata 1977,1983). In this system, two
kinds of forest road densities should be calculated
first., One is the density of high class roads(dc)
at which the production costs of the two logging
systems shown in figure 1 are equivalent to each
other. The road system should be changed from the
high class to the low class one once this density
is reached. The other is the target density (d,).
The formulae to calculate forest road densities are
as follows and include various factors such as the
average volume to be harvested in cubic meters per
hectare (V), labour costs in yen per hour (Cy),
labour consumption in men per hectare during the
plantation period (Ny,), and non-productive wage
owing to the lack of forest roads, e.g. to account
for the walking time from the road side to logging
site.

dy = 50(@ +Ve (1+N)« (14N} ) /r,
) 1
+ ko (14N)+Cyy*Ny/ 500+8+1) - d
]
de = (p*/4 - qFF - p/2

where p = dot+ (By-B,)/(ry- r )V

Main loggnig cost (yen/m3)

Forest road density

(m/ha)

Figure 1--Concept of compound road network system.
H : logging system with high standard roads
and long span cable yarding. L : logging
gystem with low standard roads and short span
cable yarding.
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r : unit cost of road construction (yen/m),
8 : walking speed of labours (km/hr), k :
the coefficient of the increment of the
walking distance, and @ ,B8 : coefficient
related to the prehauling cost, d : dens-
ity of public roads in the forest area.

The length of each class of road to be planned
should be calculated from the densities of forest
roads. From the point of view of the expansion of
the forest road network, high class roads should be
constructed until the point (d¢) attained. After
that, the construction of low class roads should be
continued until the target density (d,) is reached.

COMPUTER LOCATION OF
ROAD NETWORK IN OUTLINE

The overall planning of the forest road net-
work consists of two main processes. One is the
determination of the forest road length to be con-
structed, and the other is the location of the
optimum route of the network. The former can be
obtained by calculating the densities of each road
class.  As for the latter, there have until recent-
ly been no theoretical methods. Therefore, route
location -is left to the individual engineer in
charge of the planning of forest roads. This ought
to be a person of experience as it is desirable
that route location is entrusted to an expert.
it seems to be almost impossible to maximise the
effect of forest roads throughout the planning
area.

A theoretical method to locate forest roads
has been developed recently (Kobayashi 1983) and
has proved to be applicable to network planning in
mountainous regions. The operational flow chart
of the planning system for route location using a
computer is shown in figure 2. "A" in the figure
represents the preparation of the data and is divi-
ded into three parts. The first is the process to
produce a digital terrain model of the planning
area and to define values such as the construction
cost of roads, the cost of prehauling and the cost
of the unproductive labour. ' The second is the
process to prepare data concerning the condition
of the existing road system in the planning area.
The third is the process to obtain the data such as
the timber volume to be harvested and the amount of
labour per hectare needed for stand establishment.
"B" is the process to calculate the road length
required and to estimate the investment effect of
road sections. "C" outputs the results.

The planning system for route location is based
on the mesh analysis method. Using this method,
the forest road is extended section by section.
Extensions consisting of roads along the sides of
the grid or along the diagonal except the direction
along which the route has already been laid are
considered and road section which has the highest
economic effect will be selected as the next route
section to be extended. The procedure is then

But
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Figure 2.--Operational flow chart for planning system for
road-route location with an electronic computer

repeated from the new starting point. The route
location, using a computer as mentioned above, will
be continued until the length of the forest road is
equal to the target length in the planning area.

As a result, this method can provide the planner of
the forest road network with an optimum location
for the road route.

The results of this method may not be accurate
enough due to the limits imposed by using mesh
analysis. But the planner, using the results shown
in figure 3, will be able to make a plan confident-
ly or objectively on a terrain map of the planning

ROUTE PROJECTION FOR TRUNK ROADS

Long forest trunk roads often pass through two
or three water-sheds. As a matter of course, there
is a high probability that they will pass through
high altitude and cross steep mountain slopes and
have a serious impact not only on the forest
environment but also on the scenery.

Until about ten years ago, forest road engi-
neers did not pay enough attention to the environ-
mental damage caused by opening up forest roads or
to construction techniques designed to minimize

area to the scale of 1/50000 or 1/25000. This is disasters. A lot of damage occurred to the forest
the great merit of a computer aid for route locat- environment. This led to or stimulated the move-
ion.
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Figure 3.--Results of computer location of road network.
R:existing roads, Figures:order of construction.
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ment for nature protection, and made us realize the
necessity of establishing new methods to find the
best route which might cause minimum damage to the
forest environment.

Nowadays, route location for long trunk forest
roads is carried out using the mesh analysis
method as follows (Minamikata 1983).

The planning area, which might be the service
area for the road, is covered with rectangular
grids 500m by 500m and each grid is numbered.
After this process, the following items are esti-
mated and scored for every grid.

Estimation category A : factors related to the
conservation of forest land, such as the land
slope, calculated from the altitude of the grid
corners, classified into five grades (less than 15,
15° = 255 25° = 355 35°- 455 more than 45°), the area
ratio of landslides to the grid area, classified
into three grades (less than 2 %, 2 - 10 %, more
than 10 %), existence of fault lines or a fracture
zone, classified into three grades (none in or
around the grids, none in the grid but around, in
the grids) and the existence of creeping land
classified into the same grades the previous
factor.

Estimation category B : factors related to
nature conservation such as the designation of
protection forests, National or Prefectural Parks,
and existence of significant species of floura or
fauna. Scoring of these factors is adjusted
according to the type of forest in the grid. Tor
example, in a grid containing National Park forest
the scores for the category would be increased,
etc..

Estimation category C : factors related to
forestry such as the volume of timber per unit
area, artificial forest or not, and stand age.

The next step in the route projection is the
calculation of a total score for each road section
from the mesh i to j which are connectable.

Defining (Eg)jj and (Ef)jj as the sum of
scores included in category A and B, and category
C for grid i and j respectively, the total score
for the same road section from grid i to j,(Et)ij ,
is given by the following equation.
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where kgt the weight for categorys A and B (envi-
ronmental factors), kg: the weight for the cate-
gory C (forestry factors), k;: the weight for the
construction cost of roads, Dijj : distance from mesh
i to j (rectangular direction : 500m, diagonal di-
rection : 500 V2m), Sij: the average gradient between
mesh i and j in percent, and if 5j; is less than M,
then (Sjj -M)/M is taken as zero.

The optimum route for the forest road is shown
as a series of grids by using the shortest path
algorithm from the theory of graphs (Iri 1976).

Up to five terminal points of the road may be pre-
appointed. As a result, routes equal in numbers to
the combination of the start points and end points
will be generated. It is also possible to appoint
some points through which the road has to pass.

The final route will be chosen from these alter-
native routes, which will have the minimum total
score for (Et)jj.

Figure 4 shows the series of grids as an out-
lined location of the forest road. The dotted line
shows the result in the case that intermediate
points are preappointed. The topographic map
overlapped with the series of the grids as an out-
lined location of the forest road will be very
helpful for the road engineer to make a route
projection within or along the series of grids or
in adjacent grids on the contour map. This method
is useful and sufficiently accurate for route
location on the map.

If the final route passes through grids with
high scores, attention must be payed to the design
and construction of the road sections and it must
be made clear what kinds of countermeasures should
be adopted. Furtheremore, some countermeasures to
maintain scenic beauty should also be indicated for
those places which can be seen from several view
points within a four or five kilometer zone on both
sides of the final route.
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Figure 4.--Contour map overlaped with the series of grids
showing the best route for the forest road.



SOME CONSTRUCTION TECHNIQUES FOR
PREVENTING THE FOREST LAND FROM DAMAGE

The main machine for the earth work

The construction of high standard forest roads
is often accompanied by a large amount cut and fill
works, especially in steep terrains. It usually
results in a lot of waste material being produced
along the route. Until recently an angle-dozer had
been the major machine for earth work of this type
and it could only push the residual soil or rock
outside the right of way to the down slope, the
vegetation on the mountain side below the formation
line of the road was injured or killed by the
dumped material. This aroused a lot of emotion.

About six or seven years ago, the angle-dozer
was replaced with the back-hoe, which is nowadays
the most important machine for earth work and it
can treat waste material efficiently without the
accompanying serious damage to the forest environ-
ment. Cutting works on steep mountain sides are
carried out with this machine and the waste
materials are removed by dump truck to a special
disposal arez on a gentle slope (figure 5). The
angle-dozer is only used as a supplemental machine
for earth work at present.

The road side and occasionally the foot of the
disposal area are strengthened by concrete or con-
crete block wall.

Slope seeding

Grass seeding has become a very common treat-
ment for slope stabilization during the final stage
of forest road construction. Usually, grass seeds
are sprayed by compressor on the slope together
with a base material which consists of wood fibers,
adhesive and fertilizing materials, or the slope is
covered with many sheet of wood fiber mat holding
grass seeds and the fertilizer (figure 6).

The surface erosion control is indispensable
from the view point of land protection in order not
only to prevent the slope from erosion, such as the
formation of small gullies, but also to improve the
appearance of the road side.

Figure 5.--Earth work with the back-hoe and dump
trucks.

Figure 6.--Slope seeding covered with straw blind.

Cut slope in rocky places are usually left
alone, but they are covered with cement mortar
reinforced with metal net if there is the possi-
bility of dangerous stone fall in the winter
season. The bank slope of the disposal area is
also sprayed with mixed grass seeds to protect
against rain-wash.

Drainage

The control of both stream water and run-off
flowing down the road surface is very important to
keep the road base and road surface in good condi-
tion. The road surface should be periodically re-
shaped with a motor-grader to reshape dips. But in
Japan, the resources for road maintenance are often
not enough to keep forest roads in good condition.
Therefore the control of water or the road surface
becomes more and more important, especially in
view of the high rainfall in Japan.

Various type of open-culverts have been deve-
loped and are coming into wide use. They are
usually installed at about a thirty degrees angle
down grade. They have proved to be very effective
for intercepting runnoff flowing down the road
surface. The open-culvert on the road sueface
might be spaced in accordance with the grade of the
road as shown figure 7.
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Figure 7.--Spacing standard of the open-culvert
on the forest road surface.



LONGITUDINAL GRADE OF ROAD

In order to build up a road network as quickly
as possible, 1t is practical to construct branch
roads of a low standard. The standards of road
grades at present in force are shown in table 1.
This shows that the lower the road standard, the
steeper the longitudinal grade of the road which
can be adopted. In keeping with such a standard,
most low standard roads, which must be in the
majority, may be constructed with a steep grade.
This results in the erosion of the road surface or
the road bed, and land slide of the slope along the
route is frequently caused by water flow running
down the road surface along wheel dips. This is
especially so in places where precipitation is high
and terrain is steep. It indicates the necessity
to reconsider the standard of the longitudinal
grades of forest roads, considering that sixty five
percent of damage to forest roads in mountainous
areas is brought about by water flow on the road
surface.

Low standard forest roads should not only be
in low cost but also should be highly resistant to
erosion. These conditions will be satisfied by
keeping the longitudinal grade gentle for low
standard forest roads, for example under five
percent. On the other hand, steep grade as are
adopted for low standard roads i.e. ten to fourteen
percent may be permitted for forest roads of high
standard, if necessary because of terrain condi-~
tions, and in exchange for using steep grades, the
road surface of high standard roads should be paved
in order to prevent the erosion or destruction
caused by rain-wash on the road surface. Because
high standard roads are to be permitted to budget
the necessary funds for their construction.
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Considering that about ten percent of forest
roads with high standard have been paved, the
paving of the main forest roads are no longer only
a dream, on the contrary, it seems to be an
essential treatment for main forest roads from the
view point of land protection.
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INTERACTION OF HARVESTING AND STAND ESTABLISHMENT IN
HARDWOODS IN EASTERN NORTH AMERICA!

John C. Lees?

Abstract.—Harvesting methods affect the ease or diffi-
culty of subsequent hardwood forestation. The trend in east—
ern North America is to clear-cutting and mechanization.
There are problems associated with the existing, often
decrepit hardwood forest and the new forest for the next
rotation, and with a seeming overabundance of natural regen-
eration to less valuable species. New designs for logging
equipment are required if thinning and shelterwood systems

are prescribed.

INTRODUCTION

Silviculture 1s the art and science of grow—
ing trees in forests to fulfill a management
objective. Harvesting is a silvicultural treat-
ment that usually meets such an objective and
yields a wood product. Other objectives that may
be met are improvement of wildlife habitat,
salvage of damaged stems, control of snownmelt,
creation of recreation opportunities such as
skiing and hiking, and wood fibre production.

In production forestry, when the object of
management is a sustained yield of wood products,
harvesting methods interact most importantly with
the relative ease or difficulty of stand estab-
lishment and reestablishment. Delays are costly.
Instant forestation is the ideal, so that the
annual allowable cut effect may be applied and
more mature merchantable timber cut. When con-
sidering hardwood harvesting in the mainly mixed
forests of eastern North America, an understand-
ing of ecological succession and the silvics of
species (pioneer, successional, and climax) per-
mits certain predictions about stand establish-
ment to be made, and to be made confidently.

In industrial forestry, and to a lesser
extent in private nonindustrial forestry, the
harvesting method of choice is clear—-cutting,
whether in large blocks, small patches, or strips
(Marquis 1965). What is not merchantable is left
standing, cut and left lying, or moved to trail-
side or landing and left lying. These residues
from harvesting interact with stand establishment.

In general, it can be predicted that

1. Cutover hardwood and mixedwood stands
will regenerate mnaturally to a higher
proportion of pioneer (intolerant) hard-
woods.

1Paper presented at the conference
COFE/IUFRO - 1984. Maine, USA and New Brunswick
Canada, 12-18 August.

2Joln C. Lees, Research Scientist, Maritimes
Forest Research Centre, Fredericton, New
Brunswick, Canada.
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2. In the altered state of a clear-cut,

advance growth regeneration will begin a
recovery from logging damage.

3. Sprouting species will regenerate from
cut stumps and root suckers.

4. Sprouts and surviving advance growth
seedlings will dominate the regeneration
scene at first.

5. Viable seed stored in the organic soil
layers will germinate.

6. Light seed will be dispersed from the
uncut stand margin and from standing
residuals.

7. Heavy seed will be dispersed on the uncut
stand margin and under standing residuals.

8. Competing ground vegetation will pro-
liferate vegetatively and then from seed.

9. Aggressive piloneer species quickly invade
unoccupled areas. Successional and climax
species, which are nonsprouting and not
present in the surviving advance growth,
will follow later.

There should be no mysteries here. These
sorts of predictions can also be made for forest
types on the other side of the world. The silvics
of the species harvested and to be reestablished,
(table I) interact with stand establishment. This
information from Leak et al. (1969), for example,
would be a useful prediction tool in this region.
It was collected for use in a guide to the silvi-
culture of the northern hardwoods and forms the
basis of the guide as modified for Maritime wood-
lot owners (Lees and Embree 1983).

Harvesting methods change as advances are
made in forest engineering technology. The trend
in the Northeast is to greater mechanization and
to shorter rotations. The new hardwood forest
will be managed as if it were a plantation, but
the old hardwood forest still creates many har—
vesting problems. (Today's new felling head on a
mechanical harvester may be on tomorrow's scrap



Table 1.

Silvical characteristics of the important species in the beech-birch—maple and associated

types*
Seeding Effective! *Minimum
Shade Relative frequency, seed seedbed Sprouting ‘Delayed
Species tolerance growth rate good crops dlspersal requirements vigor germination
Years Tree heights
Sugar Tolerant Medium 2-5 2-3 Light litter Moderate Possibly a small
maple proportion
American Tolerant Medium 2-3 0~1 Light litter Abundant root None known
beech suckers
Yellow Inter- Slow to 2 2=4 Mineral soil or Very low None known
birch mediate medium mixed mineral-
humus
Paper Intolerant  Fast 2 2-4 Mineral soil or Moderate to None known
birch mixed mineral- low
hunus
White ash Inter- Medium to 3-5 2-3 Light litter Moderate to Up to three-fourths
mediate fast high germinate second
spring
Red maple Inter— Medium to 1 2-3 Light litter Very high Small proportion
mediate fast gerninate second
spring
Aspen Intolerant Fast 4=5 - Continuous Abundant root- None
moisture suckering '
Red spruce Tolerant Medium 3-8 2-4 Moist humus or - None known
mineral soil
Eastern Tolerant Medium 2-3 2-4 Moist humus or - None known
hemlock mineral soil ,

1Effective seed dispersal means that roughly 50 to 75 percent of the seed falls within the given distance.

*Reproduced from “A silvicultural guide for northern hardwoods in the Northeast” with permission of the

authors (Leak et al.).

heap, and the harvester retooled as a
self-loading forwarder.)

In the Canadian Maritime Provinces, Rowe
(1972) describes 13 Forest Sections of which 11
have an important hardwood component. Hardwoods
comprise one-third of the forest resource. In New
Brunswick, there are about 170 million m’ of
hardwoods  (Baskerville 1976% ) with a theoretical
annual allowable cut of 2.8 million m® of which
only 45% is currently harvested. In Nova Scotia,
there are 75.6 million m*® of hardwood of which
only 40Z of the annual allowable cut is currently
harvested. Hardwoods occur in predominantly
mixedwood cover types which when logged for
goftwood production tend to regenerate to the
increasing proportion of pioneer hardwoods
previously mentioned. Thus, while Maritime

3Baskerville, G.L. 1976. Hardwood research
in the Maritimes. Unpublished manuscript.
Maritimes Forest Research Centre, Canadian
Forestry Service, Fredericton, N.B.
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hardwoods are underutilized, quality is rapidly
declining and softwood and hardwood managers are
now faced with increasing areas of decrepit
high~graded hardwood, damaged hardwood residuals,
and Iincreasing areas of vigorous pioneer
hardwoods, many of stump sprout origin.

Lack of orderly use of the hardwood forest
for production, protection, and amenity in the
Maritimes; low demand levels; unreliability of
markets; distance between quality hardwood use
and quality hardwood producers, or between low
quality hardwood use and pulpwood stands are
recurring features of problem analyses (West
1976%; Lees 1982). Short-term production demands
are unpredictable. Short—-term utilization trends
of even the traditional quality forest products

‘*West, R.C. 1976. The New Brunswick hard-
wood problem. Report to Maritime Section, Canad-
ian Institute of Forestry, (Unpublished). 8p.




depend on widely fluctuating markets, transporta-
tion costs, and costs of woods operations. Long-
term demands can be ranked with only vague pre-
dictions of unprecedented world consumption of
hardwood products and the sustained importance of
quality. Better markets would mean more complete
utilization, a better integrated woods operation,
and better silviculture. There are management and
silvicultural problems associated with the
existing, slow growing hardwood forest and also
with the new forest to be established for the
next and future rotations.

Research and development work now underway
in eastern North America includes those problems
of utilization of logging residues, natural
regeneration responses to complete clear-cutting,
and growth responses of hardwoods to juvenile
spacing and fertilizing of overdense natural
sapling stands.

Logging Residues

In a review of literature about hardwood
silviculture and management, it was reported
(Lees 1978),

"The hardwood logging residue followling conventional
hardvood sawlog cperations In the Appalachlans is des-
cribed in a case-study by Craft (1976). His example will
serve to |1lustrate the sorts of materials generated by
conventional logging In herdwoods:

After the merchantable timber (12 inches dbh and
over) was felled and removed, a typical acre within the
18-acre sample block was selected for close study. The
first treatment was the remova! of all topwood residue.
All scund material that would glve a straight or nearly
stralght plece at lesst 6 Inches In Atamoter by 4 feet 3
Inches long or longer was removed and decnod for sawling.
The remalning topwood materlal was stored for chipping.
The second treatment was the felllng and skidding of all
residual trees that were 6 Inches diamster at breast
helght or largere The final treatment was the fetling
and skidding of all trees below 6 Inches dbh which were
weighed and piled for chlpping. The total welght of all
resldues recovered from one scre was 69.3 tons! Topwood
reslidue ylelded 11 tons of sawable logs. Reslidual trees
ylelded 14.9 tons of saweble bolts and the welght of
merchantable logs harvested from the 18 acre unit was
about 40 tons per acre. Thus, for every ton of mer-
chantable logs harvested about 1.8 tons of residue
remalneds The test sawling operation produced 8.2 tons
of chippable stabs and edgings and 2.6 tons of sawdust.
The chlp yleld was not assessed.”

The problem of generating logging residue in
hardwood and mixedwood stands is so serious that
Martin (1976) prepared a logging residue yield
table. Martin reports that the independent vari-
ables i.e., type of cut, products removed, basal
area per acre, and stand age explain 95% of the
variation in residue volume per acre., The yield
table was prepared to show the probable residue
volumes for different cutting practices at var—
ious levels of residual basal area, and stand age.

Logging residues are also being studied in New
Brunswick by B.S. Chisholm, Valley Forest

Products, and G.D. van Raalte, Maritimes Forest
Research Centre (1980). Four logging intemsities
have been sampled

(a) Koehring feller forwarder (no clean-up)

(b) Koehring feller forwarder (clean—up)

(c) Conventional cut and skid (no clean-up)

(d) Koehring feller forwarder + conventional
cut and skid oversize hardwood and soft-
wood (clean—up) (table 2).

Table 2. Summary of logging production and costs

Treat—- Production Cost/tonne
ment
(a) 419.7 tonnes (chips) $ 7.44
(b) 424.7 + 8.4 tonnes 8.26 + 13.92
(chips) (clean—up)
(e) 319.2 tonnes (round 6.95 + 3.70
wood) (estimated chip-
ping cost)

(d) 367.7 + 22.9 tonnes
(hardwood round wood)

+ 14.5 tonnes
(softwood round wood)

7.99 + 12,57 +

4,50 + 13.61
(clean—up)

Clean~up (b) $13.92 and (d) §13.61 was
costly. Because the roadside chipper has a screen
for twigs, leaves, and loose bark, this discarded
material was measured for one vanload of chips.
It amounted to about 5% of the total feed. This
is a significant proportion of the total biomass
produced on these hardwood sites, and lost
through processing in, this way.

Regeneration Responses

My silvicultural studies in the Canadian
Maritime Provinces include some examples of the
sorts of interactions with which we are concerned
today. Contemporary industrial clear-cuts were
sampled beginning in 1977. When 10 clear-cuts
were assigned to three original stand types; i.e.
shade tolerant hardwoods, intermediate, and shade,
iantolerant, a laryge proportion of the natural
regeneration (25-~90%) was composed of the less
valuable pioneer aund successional species such as
red maple, grey and white birch, and poplar
(table 3).

A further examination of this regeneration
in 10, 4-m? quadrats under the uncut stand, on
the stand margin, and in the open clear-cut
showed significant (P = ¢ 0.05) differences in
numbers and origin. Regeneration of the more
valuable shade tolerant sugar maple, ash, and
beech in the open was mainly vegetative, (fig.
1). The heavy-seeded sugar maple germinated on
the stand margin, the light-seeded birches also
in the open, and red maple and white ash were
intermediate.

Regeneration responses to pulpwood logging
systems at Pokiok, N.B. are compared in table 4.
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Table 3. Proportions of regenerating species (percenmtages)
Stand Sugar Red Yellow White White Grey Black Total
type Location maple maple birch birch ash Beech Poplar birch ash

Tolerant Nashwaak 3 40 8 20 17 1 - 4 100
St. Croix 18 8 1 8 29 2 - 5 100

Intermediate Crowhill 8 21 36 - 20 - - - 100
Acadia - 59 - 22 - - - 19 - 100

Intolerant Coles Island - 73 - 1 - - 16 10 - 100
Anagance - 40 - - - - 27 33 - 100

Table 4. Percentage composition of natural re- chainsaw-and-skidder operation in mixed northern

generation by species and sprouts, Pokiok,
N.B. June 1979 (n, 100 4-m®* quadrats)

Harvesting system

Conventional ~ Koehring
chainsaw cut machine cut
4 4

Species Regen. Sprouts Regen. Sprouts
Sugar maple 2 100 10 95
Red maple 51 44 20 93
Yellow birch 3 44 5 60
White birch 18 15 23 58
Beech - - 10 92
Poplar 1 25 4 8
Softwoods 20 - 5 -
Pin cherry 6 - 23 -
All 100 28 100 54

A Koehring feller-forwarder produced a 54% sprout
regeneration component after two years, the con—
ventional chainsaw-and-skidder operation only 28%.

On another Valley Forest Products Koehring
operation at Napadogan, N.B. a sample of 30 gtems
were chainsaw-cut and paired with machine-cut
stumps. Subsequent red maple stump sprouting was
monitored for six years, to 1982, and is illus-
trated in figures 2-4. The sprout drop—out rate
for both chainsaw and machine-cut stumps is now
stable, but early differences were the cause of
some concern. Mean values (1984) are

No.
sprouts Height Diameter
per stump tallest tallest
cm cm
Chainsaw-cut 17 95 3.2
Machine-cut 18 260 3.2

Height differences are now attributed in large
measure to deer browsing.

Logging Damage

A logging damage study is underway in
advance growth seedlings on a conventional
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hardwoods near Canterbury, N.B. One hundred 4-m?
quadrats in units of 10 were examined before and
after logging in summer and fall 1982. The tall-
est seedling of each species in each quadrat was
marked on the ground before logging began and
mapped as the seedling most likely to survive.
Logging resulted in several changes in seedbed
and slash cover. Four slash types, degrees of
cover, and disturbance type were recognized.
commonest condition was skidding disturbance
(26%), with a light (50Z), hardwood (47%), slash
cover. However, 62% of the 100 quadrats were
undisturbed by skidding or slash redistribution.
Mortality because of drying out of the organic
soll layers was common. Many sugar maple seed-
lings with only 2-4 leaves, on undisturbed sites
did not survive the increased exposure following
logging. Of the 375 identified tallest seedlings
only 103 survived the logging operation. Of the
272 losses;

The

48% were "missing,”

12% were "dried out,”

10% were "smothered in slash,”
28% were "skidded over,” and
2% were "damaged in felling."

Eighty-seven percent of the losses were in the
height range 0-50 cm.

The results of these and other studies are
provided to the Cutover Response Subcommittee and
the Hardwood Techmnical Coumittee of the New
Brunswick Forest Research Advisory Committee, and
to the Hardwoods Working Group of the Nova Scotia
Forest Research Committee. In this way it is
hoped to fine—tune predictions of the interaction
of harvesting and stand establishment. A minimum
acceptable height class of advance growth seed
1lings should be determined.

Logging and Season of the Year

The timing of harvest cutting affects hard-
wood regeneration. Some specles disperse seed
earlier in the summer (red maple), others later
(sugar maple), and some throughout the fall and
winter (white birch). Summer logging may inhibit
stump sprouting while winter logging may produce

more vigorous sprouts and suckers from reserves
stored in the roots at that time.
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Tubbs and Reid (1984) report that winter
logging in northern hardwood stands resulted in
better stocking to seedling sugar maple, yellow
birch, and white birch. Summer clear-cuts were
not well stocked with birch, and maples increased
proportionately so that all cutover areas were
fully stocked. Seed-trapping studies in Nova
Scotia and New Brunswick on birch seed-tree areas
and strip clear—cuts confirm the phenology of
seeding of these species and may support Tubbs
and Reid's observation of seed dispersal under a
shelterwood, degree of seedbed disturbance, and
season of logging.

DISCUSSION

Where such predicted responses to
clear-cutting are unacceptable, alternative
harvesting methods may be prescribed. Alternative
stand establishment treatments may also be
required. The problems are those of a seeming
overabundance of natural hardwood regeneration to
less valuable species. This creates a need to
manipulate the proportions of species and their
origin (sprout or seedling).

The valuable, denser—wooded tolerant
hardwoods (sugar maple, yellow birch, ash), often
require a shelterwood for reestablishment. The
shelterwood systems developed by Tubbs and
Metzger (1969) for birch in the Lake States are
now commonly prescribed for mixed northern
hardwoods in the New England States and Nova
Scotia. The selection system, at first applied
to tolerant hardwoods in Ontario, may be
attractive to the small private woodlot owner in
the Northeast and suitable for beech-maple types
in Quebec and the Maritimes. Narrow strip
clear-cutting is chosen in some regions of
Quebec, Maine, Nova Scotia, and Prince Edward
Island to obtain satisfactory regeneration of
more tolerant species.

The implications for harvesting equipment
development, of management trends to thinning,
and "partial cutting” are far-reaching. A new
generation of small maneuverable machines will be
needed. The private nonindustrial forest manager
(and there are thousands of them in every
jurisdiction in the Northeast) will ensure a
market for such harvesting equipment, but what
will be the impact on advance growth, seedbed,
planting site, and ground vegetation
competition?

These new harvesting systems will clearly
interact with stand establishment costs. Research
and development trials, field demonstrations, and
economic analyses are now due.
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Logging season
North. J.

Species names

American beech

Fagus grandifolia Ehrh.
Eastern hemlock

Tsuga canadensis (L.) Carr.

Grey birch Betula populifolia Marsh.
Largetooth aspen Populus grandidentata Michx.
Pin cherry Prunus pensylvanica L.f.

Red maple Acer rubrum L.

Red oak Quercus rubra L.

Red spruce Picea rubens Sarg.

Sugar maple

Acer saccharum Marsh.
Trembling aspen

Populus tremuloides Michx.

White ash Fraxinus americana L.
White birch Betula papyrifera Marsh.
White elm

Ulmus americana L.

Yellow birch Betula alleghaniensis Britton




INTERACTION OF HARVESTING AND STAND ESTABLISHMENT IN CONIFERS IN

NORTHEASTERN NORTH AMERICAL

Maxwell L. McCormack, Jr.2

Abstract,~--Harvesting systems 1in
primarily dependent on advanced
Minimum disturbance of sites

have been

spruce-fir forests
regeneration..
is 1important to reduce

disruption of drainage and establishment of undesirable

vegetation..

disturbance,

reduction, and nutrient removals..

Trends toward mechanical full-tree harvesting
are causing problems of soil

legging residue

INTRODUCTION

The northeastern conifer forest occurs on
shallow glacial t111 soils, often with a compact
layer at 40 to 60 cm which impedes drainage and
root development.. Many sites bhave relatively
poor drainage resulting in very high organic
matter content and excessive moisture.. Irregular
terrain, numerous drainage channels, and boulders
often impede harvesting.. Many sites are
relatively flat and favor mechanical harvesting..
In some regifons fire has been a significant
natural disturbance.,

Silvical characteristics (Fowells 1965) - and
silvicultural systems (U.S.. Department of
Agriculture 1983) for major conifer species
(Table 1) have been summarized.. A s{lvicultural
guide for spruce-fir (Frank and Bjorkbom 1973) is
available.. Most past management has been
dependent on natural regeneration with interest
in  plantation culture, requiring some site

preparation, developing in recent years.
Advanced regeneration of the spruces and fir
establishes readily in partially shaded
understory conditions.. However, the short-

needled species are sensitive to exposure during
the post-harvest establishment stage and need
good conditions for satisfactory early growth..
Pine and fir seed crops are fairly regular and
reliable; those of the spruces are intermittent
with limited dispersal.. No significant viable
seed is stored in the duff layers..

1Paper presented at the conference
COFE/IUFRO-1984, Fredericton, New Brunswick,
Canadiﬁ 17-18 August 1984..
axwell L. McCormack, Jr.., is Research
Professor of Forest Resources and Leader,
Cooperative Forestry Research Unit, University

of Maine, Orono, Maine, USA..

233

Pines may seed 1in effectively following
harvest, but successful spruce-fir regeneration
must be established before the overstory is
removed,. Where there is unsatisfactory stocking
of spruces, those species are reestablished best
by planting immediately after harvesting.
Evenaged management is the rule, but spruce-fir
stands can also be managed under the selection
system (Frank and Blum 1978)..

The spruce budworm [Choristoneura fumiferana
(Clemens)] has made an 1{impact on this forest.,
Defoliation of dominant trees, mortality of fir,
reduced seed crops, and establishment of
undesirable vegetation in defoliated stands have
complicated harvesting operations and scheduling..
There are very few pure stands except on poor
sites and in plantations.. Consequently,
postharvesting conditions wusually 1include a
period of development by aggressive pioneer
broadleaf vegetation which 1interferes with
conifer regeneration, especially on good sites..
Species which pose serious problems 1include red
raspberry (Rubus _idaeus L.) which forms a dense
uniform cover.. Red maple (Acer _rubrum L.) and
mountain maple (A. _spicatym Lam.) are vigorous
stump sprouters., Aspen (Populus
Michx,) and beech (Fagus grandifolig Ehrh.)

produce large quantities of root sprouts, and the

birches (Betyla papyrifera Marsh. ., B.
Ropulifolia Marsh.) are prolific seeders.. Stored
seeds of raspberry and pin cherry (Prunus

L.F.) frequently provide rapidly

established cover which excludes conifers. These

rcompetitors have been chgracterized by Leak et

al. (1969), and Lees” provides pertinent
insight..

3Lees. J.C. Interaction of harvesting and
stand establishment 1in hardwoods 1{n eastern
North America.. Draft paper prepared for
conference COFE/ IUFRO 17-18 August 1984..



Table 1.,

Selected regeneration characteristics of important

conifer species 1in northeastern North

America.,
- Regeneration
method Effective Consistent
advance seed Easy to
Nat.. P1t.. Species supply establish

Red spruce .

(Picea rubens Sarg.)

Black spruce. [P. . mariana (Mi11.) B.S.P.]

White sprdce EE."glgugj (Moench) Voss]

Olo|0j«|00 e e
oo« ®Ce® -

[
Balsam fir [Abies balsames (L.) Mi11.] (]
Red pine  (Pinus resinosa Aft.) O
White pine  (P..strobus L.) q )
Jack pine (E'_b_anjss_t_am Lamb.) (0]
Tamarack CLarix laricina (DuRoi) K. Koch] (o]

Ol ® 0@ O
¢ 000w e0

QO = Little or no use
(:) = Low use, . weak characteristic
Presence of shade tolerant undesirables in
the forest understory, combined with their
potential for rapid establishment following
disturbances, results in an explosfon of

competing vegetation which effectively prevents
conifer establishront or suppresses development
of advanced
Partial cuts ‘often result in sufficfent ground
disturbance to facilitate early establishment of
undesirables.. The shallow rooting of spruce and
fir makes 1lateral root systems .vulnerable to
machinery damage. and windthrow., Partial cut
harvests 1in older, well-developed stands can,
thereby, result in losses of residual, future
crop trees and the turned up soil provides
seedbeds for advanced development of undesirable

species,, However, properly timed entries for
partial, 1ight vremovals from below can be
successful,, Shelterwood cuts, administered in a

way to retain the best quality and spacing of

residuals, provide good potential for
establishing natural regeneration..
HARVESTING SYSTEMS
Years ago, horse logging with water

transport was common., A ‘transition has +taken
place from shortwood to tree-length systems and,
more recently, to full-tree removals by Jlarge
feller-forwarders and in-woods ~ chipping.
Different postharvesting site conditions and
vegetation dynamfcs have accompanied this
transition., Trials with high lead cable systems
have provided some biological advantages, but
high costs have deterred their development in the

regeneration on the better sites..

D
®
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Moderate use and characteristic

High use, strong characteristic

regfon.. As we proceed with equipment development
and modification, programs to 1improve operator
knowledge and understanding become an essential
component of total harvesting systems..

When considering establishment of the next
crop we must consider’ impacts of mechanical

harvesting on the natural -systems and
. consequences  of residue redistribution.. Al1l
appraisals and projections must recognize

differences in site quality.. Changes in the
natural system and subsequent silvicultural needs
depend on the extent of harvesting (i.e., partial
cuts of various intensities vs., clearcutting)
and management objectives for culturing residual
stands, or for establishing regeneration
naturally or artificially..

Much depends on the characteristics of the
stand to be harvested and 1t 1s 1important to
anticipate future stand development prior to

harvest.. Special attention must be given to
ex{sting and potential vegetation problems.,.
Also, a careful appraisal of physical site

conditions 1s essential..

Moisture relationships, especially drainage,
are critical determinants of site quality..
Disruption of drainage patterns in shallow soils
by equipment ruts can cause serfous, long-lasting
damage.. Though some benefits to regeneration
from full-tree harvesting have been described
(Saltarelli 1980), recent trends toward full-tree
removals and roadside mechanical delimbing have
prompted concerns about harvesting residues and
their management. - The values of residues fall
into three general categories:




(1) Providing desirable microhabitat and
protection for seedlings,

(2) Adding organic matter (OM) directly to
the soil, and

(3) Composing an
nutrient cycle..

important part of the

Advanced regeneration of spruce and fir has
high value and provides an opportunity to have
the next stand in place before final harvest.
One of +the most valuable assets in the Acadian
spruce=fir forests {s a bountiful supply of
desirable advanced regeneration (Smith 1981), If
regeneration in place immediately after harvest
is compared to the cost of site preparation and
planting, significant efforts to retain natural
advanced regeneration are easily justified.
Well-distributed slash can play a major role by
protecting regeneration from browsing animals,
dessication, and frost heaving.. Transient shade
provides desirable temperature and moisture
conditions.., Though not quantified in detail,
these relattionships have been observed over Tlong
periods of time.

The loss of natural regeneration can be
replaced through intensive planting programs when
the necessary jnvestments are made. However, the
loss of OM has longer-term implications.. OM is a
source of N in the surface horizons, but its
physical involvement is also very important. OM
plays a role in soil bulk density, formation of
macropore space, cation exchange capacity, and
moisture retention.

More detailed nutrient cycling information
which 1is directly related to specific site
conditions is needed., Kimmins (1974) expressed a
need to define rotation length in terms of an
“ecological rotation" where soils are permitted

to return to the preharvest ecological condition..

Whole-tree removals break the nutrient cycle by a
drastic redistribution of 1iving biomass., This
change is not readily remedied by simply
replacing the nutrients 1lost by applying
fertilizer..

Bengston (1981) described residue removals
in terms of dollar values of the nutrients being
removed.. The increase in harvest yields through
more complete removals have a much higher cost
per unit.,
For example, small 1itter components (branches,
leaves, twigs) may serve as important initial
sources of nutrients for regeneration.. This same
basic relationship is thought to benefit residual
crop trees from slash remaining after thinnings
or shelterwood cuts.,

Alleviating nutrient losses by not removing
the large nutrient capital in foliage might be
accomplished through harvesting techniques which

Some costs are difficult to define..
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leave foliage on the site., Bjerkelund (1984) has
proposed a compromise which would leave valuable
nutrient-rich components on the site by employing
a "trimmed whole tree" harvest.

STAND ESTABLISHMENT INTERACTIONS

As experience 1s gained with mechanical

systems, valuable lessons are 1learned.. For
example, there 1{s better appreciation of the
significance of 1Jleaving unmerchantable paper

birches during a summer mechanical clearcut of
spruce-fir.. The apparent cost saving becomes a
costly expense 1in regenerating the site to
conifers.. Timely removals of a prolific,
undesirable seed source in the presence of an
{deal seedbed would be a judicious move during
harvest.

Planned concentration of machine traffic

provides residual undisturbed areas.. Advanced
regeneration can be retained on undisturbed
portions while the concentrated machine

disturbance provides effective site preparation
to be planted immediately after harvest.
Bunching of felled stems within feller-buncher
trails which are also used by grapple skidders
demonstrﬁtes how this basic technique can be
employed .. Lack of disturbance 1is a desirable
feature.. It enables advanced regeneration to
develop after harvest. Machine disturbance
damages, or eliminates, desirable seedlings.,
Also, it benefits undesirable pioneer brush
species.

Observed relationships of harvesting with
site and stand conditions are being substantiated
through scientific documentation (Case and
Donnelly 1979, College of Environmental Science
and Forestry 1979, Freedman 1981, Freedman et al.
1981, Lyman 1982, Smith 1984a, Weetman and Webber
1972, Weetman and Frisque 1977, Weetman and Algar
1983).. Northeastern spruce-fir site conditions
were recently appraised on 180 transects
comprising 3.6 miles of samg]es across seven
townships in northern Maine”.. Conditions were
studied on sites which had been mechanically
clearcut between 1973 and 1982,

Harvesting systems they studied fncluded the
use of a large, rubber-tired feller-forwarder;
feller-bunchers on rubber tires; and feller-

bunchers on lags.. Grapple skidder disturbance
was an integral part of <the feller-buncher
systems.

4Observed operational procedures, Georgia-
Paciféc Corp., Washington Co., Maine, USA..
Unpublished preliminary data. 1983 Maine
Tandowner study of site disturbance by
mechanical harvesting equipment..



Table 2 summarizes site disturbances across
the study.. Surface. disturbances were
differentiated between those confined to organic
layers and those reaching mineral soil.. Less

than half of the area was 1eft undisturbed..

Table 2.. Summary of site distur-
bance by mechanical hgrvesting
done during 1973-1982~..

Disturbance . Area
classification affected
———(F)=—-
UNDISTURBED 47.7
SCARIFICATICN
Organic 12.2
Mineral 1.9
RUTS
Organic 8.7
Mineral 5.7
SLASH 9.7
OTHER 14.1
TOTAL 100.0
Relatively thorough removal of residues and
mechanical delimbing at roadside is reflected by

only 9.7 percent of the area covered with slash..
Table 3 presents selected results comparing
winter and summer harvesting. As expected, there
i{s less disturbance from winter harvesting and a
possible additional benefit of more area covered
with slash., My observations of mechanical
harvests across northern Maine consistently show
best development of new spruce-fir stands where

Table 3., Selected comparisons of summer and
winter gechanica] harvesting during
1973-1982.: ,

Scarification

Season Undisturbed Organic Mineral Slash

m=memweew=(® of area affected)w=w=wwe--

Summerp 39.3 13.7 2.3 8.3

Winter 66.1 8.9 1.0 12,7

there has been well-distributed slash, especially
when harvested during winter.. The best young
stands were usually attributable to harvests by a
Beloit Tree Harvester which delimbed at the

236

stumps and travelled on 1lags.. The Tlandowner
study 1ndicated that snow cover alone was not
always sufficient as a protection to site.. A
confounding factor in data collection appears to
be distinguishing true winter conditions from the
beginning of spring breakup.. With respect to the
latter, aspect of site appeared to be important..

The three types of equipment involved across
the study period are compared in Table 4.
Heavier equipment tends to cause deeper ruts than
Tighter equipment and ruts can  cause serious
disruption of drainage.. Recent trends seem to be
toward somewhat 1ighter, better balanced
equipment carried on wider tires..

Table 4., Selected categories of site disturbance
by equipment used for parvest 1{in northern
Maine during 1973-1982.°

Scarification Ruts
Un=
Equipment disturbed Organic Mineral Organic Mineral Slash
| wmmmemeeseeeeef of area affectod:
Feller- 35.0 14.3 2.5 8.3 8.2 12.5
forwarder
Feller- 25.8 19.5 2.5 9.5 7.9 10.2
buncher .
(tires)
Feller- 66.0 8.5 1.6 9.4 2.9 5.0
buncher
(lags)

Conifer regeneration was growing best on
good, undisturbed areas.. Oisturbance of sites
appeared to cause some loss in productivity and,
where it disrupted the organic pad, resulted in
barren ground which eventually developed into

undesirable brush cover rather than useful tree
species..
A study initiated in 1979 to evaluate

mechanical full-tree removal, residue management
and nutrient cycling on a spruce-fir watershed
(Smith 1984a, 1984b) indicates trends similar to
data from other studies in the region (Freedman

ot al.. 1981, Weetman and Webber 1972).. An
fntensive evaluation was made of harvested
biomass and nutrient content.. Sofl solutions

have been sampled on a regular schedule to
monitor the active nutrient cycle..

In evaluating the disposition of residues,
the distribution of bfomass within merchantable
trees is important.. Table 5 shows a typical
breakdown for a merchantable red spruce.,
Considering green organic matter benefits and
nutrient values of residues, it is important to
note the proportion of the tree in small branches
and foliage.. The harvesting system studied
involved mechanfzed roadside delimbing which
resulted in residues piled at the landings.. The




Table 5.. Biomass distribution for a red spruce
in north central Maine, b.h. age = 112,
dbh = 33.6 cm, total height = 19.3 m, 1ive

crown ratio = 44% (Smith 1984b)..

Oven dry
Component weight %
(kg)
BRANCHES
<0.25" + Foliage 47.35 11.0
0.25 to 1" 15.47 3.6
1 to 3" 16.94 . 3.9
Dead 32.60 7.6
TOP (4" Merch.) 2,91 0.6
MERCH. STEM 312.92 73.1
TOTAL 428.19

fact that these residues were removed from the
site 1s important.. Estimated amounts per unit of
land area are in Table 6.,

Table 6., Estimated above-ground biomass for a
harvested spruce-fir stand in north central
Maine (Smith 1984b)..

Oven dry weight

Stand Component Metric English
(T/ha) (T/a)
Preharvest (trees) 230 102
Harvest removal 20§ 93
Merchantable material 152 68
Roadside residue 57 25

Three residue management alternatives were
applied on the treated watershed:

(1) Complete removal of residues;
(2) Residues chipped and scattered, and
(3) Residue scattered intact on the site..

Porous cup lysimeters at depths of 25 cm and
50 cm have been used to obtain soil solution
samples., Nitrate (NO,) concentrations before and
immedfately after harvest are 1{llustrated in
Figure 1.. Three seasons later, concentrations
have returned close to preharvest levels.. Sofl
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Nitrate (NO,) concentratfons of sofl
solutions co]1ecte% from two depths before,
and immedfately after, clearcutting a
spruce-fir watershed in north central Maine
Maine (Smith 1984a)..

drafnage classes were more important than residue
treatments (Table 7). This emphasizes the need to
consider site characteristics carefully. Most of
the NO, change following harvest toock place on
the bet%er drained TJocations., As expected, a
more dynamic situation exists on the better
sites..

Table 7., Soil solution nitrate concentrations
by sofl drainage class, three months after
clearcutting a spruce-~fir watershed in
north central Maine (Smith 1984a)..

Soil drafnage class

Sample Poorly Average
depth Moderately to somewhat all plots
(cm) well (N=4) poorly (N=8) (N=12)

-----------N03 (mg/1) =mecmmemene——
25 18.36 0.18 7.76
50 12.3 0.12 5.12

This same clearcut watershed study measured
nutrient quantities and removals in a spruce-fir
full-tree harvest.. Using tree component data,
comparisons can be made between full-tree and
bole-only harvests (Table 8)..



Table 8., Estimated soil nutrient reserves and
harvest removals for a spruce-fir stand in
north central Maine (Smith 1984b).

N P K Ca Mg
(kg/ha)

FOREST FLOOR PLUS MINERAL SOIL
(54 cm) NUTRIENT POOLS

Tota11 2 6709 2770 10063 10668 36483

Exchangeable - 217 159 392 211
HARVEST REMOVALS

Whole tree 322 46 192 423 44

Bole only , 98 12 94 215 17

1Technicon block digest for N and P;

nitric-perchloric extractable K, Ca, Mg..

ZIN NH, OAc, pH 7.0, extractable K, Ca, Mg;
Bray-Kurtz extractable P..

When examining the data as ratios of
nutrient reserves to harvest removals (Table 9),
it 1is possible to speculate on available
nutrients for future rotations.. This study
(Smith 1984b) estimated roadside residues to be
equivalent to 13 percent of extractable Mg, 16
percent of exchangeable P, 53 percent of
exhangeable Ca, and 61 percent of exchangeable K..
If these nutrients were to be replaced by
fertilizing, increased yields through harvesting
branches and foliage result in relatively high
per-unit «costs for the additional biomass
removed.. The nutrients 1in the residues could
help to replenish the exchangeable soil nutrients
as - they are released through decomposition..

Table 9.. Estimated ratios of nutrient reserves
+to harvest removals (1i.e. number of rota-
tions to deplete total or exchangeable soil
nutrient reserves without additions of
nutrients from other sources) for a spruce-
fir stand 1in north central Maine (Smith

1984b)..
N P K Ca Mg
commnencnace=(rat{05) ~mmwmcmenecan
TOTAL NUTRIENT RESERVES
Whole Tree 21 60 52 25 829
Bole Only 68 231 107 50 2146
EXCHANGEABLE NUTRIENT RESERVES
Whole Tres - 5 0.8 0.9 5
Bole Only - 18 1.7 1.8 12
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Nutrients could be conserved on sites where they
are needed by removing only merchantable stems,
since full-tree harvests removed two to four
times as many nutrients as a bole-only harvest
would have.

SUMMARY

Harvesting systems 1in northeastern conifer
forests have been primarily dependent on natural
regeneration.. Successful spruce-fir regeneration
must be established before the overstory is
removed.. Harvesting systems should result in
minimal site disturbance and the maintenance of
advanced regeneration.. Where necessary, planting
should be done as soon after harvesting as
possible.

Especially on good sites, postharvesting
conditions  usually result 1in dense growth of
undesirable broadleaf vegetation which requires
silvicultural consideration., Physical site
conditions must be carefully appraised before
operations are initiated.. Properly timed and
executed shelterwood cuts provide good potential
for establishing effective advanced regeneration
of spruce and fir..

Trends toward ‘mechanical full=tree
harvesting are causing problems concerning soil
disturbance, logging residue distribution, and
nutrient cycling.. Disturbed soil surfaces can
disrupt drainage and provide seedbeds which
benefit regeneration of undesirables.. Removal of
residues, such as small branches and foliage,
from 5ites results 1in 1loss of beneficial
microhabitat for desirable seedlings, lost
benefits to soils from organic matter additions,
and nutrient removals..

Exchangeable nutrient reserves are depleted
more by full-tree harvests of spruce-fir than by
bole-only harvests.. The availability of adequate
quantities of Ca and K for a subsequent rotation
is questionable., Conservation of nutrients and
benefits to regeneration through wuse of
harvesting systems which leave nutrient-rich
residues distributed across sites 1s recommended..
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HARVESTING FULL TREES IN THINNINGS
- SHOULD THE LOGGING RESIDUE BE REMOVED?

Sven—-0lof Andersson

Professor at Division of Stand Treatment, College of

Forestry, Swedish University of Agricultural Sciences

Abstract.-—Some companies are today harvesting
full trees in thinnings. In a short-team perspective
this method offers certain advantages; in the long
term, the scientists do not know for sure. There is,
however, a definite trend. Certain losses of incre-
ment of growing stock apparently can be expected if
the logging residue is not left on the ground. This
is what Sven-0lof Andersson concludes in the follow-
ing account of investigations made by himself and

other Nordic scientists.

INTRODUCTION

Logging of full trees in thinnings has
been practiced by a number of Swedish companies
for some years. This method can be profitable
on a short term basis. The yield is larger
compared to thinnings where only industrial
roundwood is utilized. The economic outcome of
the thinnings will also be more favourable.

One important question remains however, how
will the growth be influenced by the fact that
no slash is left on the ground?

NORWEGIAN PILOT TRIAL

As early as 1928 a pilot study was made
in Norway to find an answer to this question.
A sample plot situated close to the Swedish
border was established in a 90-year-old pine
forest on sandy soil covered by lichens. The
sample plot consisted of two subplots. They were
both thinned but the slash from one subplot was
transferred to the other which consequently
received a double layer of tops and branches.
In the course of time, several light thinnings
were made in series. Here too the logging
residue was transferred.

The results were analysed by Professor
Alf Brantseg in 1962. The average annual volume
growth during the 32 year observation period
was 0.3 m3sk* higher her hectare on the subplot
with slash thén on the subplot from which the
slash had been removed, The difference
corresponds to approximately 20,Z2. The greatest
growth increase amounted to 1 m™sk and occurred
after 18 years. The growth was then gpproxi—
mately 3.5 m“sk as compared to 2.5 m sk oa the
subplot without slash,

* m3sk=Cubic metres of forest (volume of the
entire stem above the stump, including bark).
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Figure 1.--Volume increment on plots with and
without logging residue in the Norwegian
experiment established in 1928. The arrow
shows the year of first thinning.

The subplots varied slightly as to volumes
before and after thinning and the trial con-
tained no replications. Brantseg points out
that the growth estimates are somewhat uncertain
on account of some difference of site class
between the subplots. However, he is still of
the opinion that the results show that removal
of logging residue in pine stands may cause
a loss of increment amounting to approximately
10 2.

In order to study the effects of full-
tree methods in young thinning stands, the
author (Professor Andersson at the Swedish
college of forestry) established a thinning
experiment in western Dalecarlia in 1964,

The subject was a 42-year-old sowed pine stand
(Pinus Sylvestris), cleaned 11 years ago, and
ready for a first commercial thinning. The

number of stems were 1750 per hectare and the



volume was 170 m3sk. It is located on a mesic
blueberry shrub vegetation site and the soil
is rather fertile.

The experiment included 3 blocks, each
containing 3 different treatments or plots.
During the thinnings, pulpwood was logged in the
ordinary way and from one plot in each block,
‘branches and tops were removed and spread out
on another plot as in the Norwegian experiment.
Moreover, there is one plot in each block on
which slash has neither been removed nor added
to as in neormal logging operations. ghe volumes
felled in the thinning averaged 52 m sk/ha.

The three pleots within each block were thinned
to the same basal area so that no such differen-
ces would influence the growth. At a second
thinning, 10 years later, the removal amounted
to 45 m sk/ha. The logging residue was handled
in the same way as before.

Figure 2.--The mentioned sowing of pine in
Dalecarlia at 52 years of age, immediately
after the second thinning. The logging
residue was removed after both thinnings.

Pulpwood, 3 m in length and with a 7-cm
(o.b.) minimum top diameter was cut in the first
thinning. On one of the plots the tops and the
living branches left as slash were weighed.

The volume of the pulpwood was 52.m~ (o.b.).
The residual tops amounted to 9 m”/ha, green
weight 8.1 tons. The living branches, needles
included, weighed 6.3 t after drying. The total
dry weight of tops and living branches is esti-
mated to be something like 10 t/ha.

In the second thinning pulpwood was cut
to a minimum top diameter of 5 cm (o0.b.).
The golume of the pulpwood this time was
44 m~ (o.b,) and the volume of the remaining
tops 2.3 m~ (o.b.). The dry weight of both tops
and living branches totaled approximately 4 t/ha.
The entire dry weight of logging residue of this
kind from the two thinnings then amounted to
14 t/ha.

YIELD 10 7Z HIGHER

Measurements after 5 years showed that the
stemwood growth on all the blocks had been
higher on the plots where a normal amount of
slash remained than where it had been removed.
The same applied to the following 5 year period
and also to the whole 16-year period up to the
latest measurements which were made in 1980.

During Ehese 16 years the yield per hectare
has been 12 m sk higher where branches and tops
were left. This corresponds to an approximately
10 % higher production. Where there was a
doubled cover of slash, the growth had also
been higher, but here the results vary more.

In 1964 a similar experiment was started
by Professor C.0. Tamm in an 80-year-old pine
stand of low density at Gdllivare (northern
Sweden). The growth after thinning was low
because of poor site quality and a low standing
volume, but during a period of 17 years the
plots with slash remaining have shown a higher
percentage of growth here also. The difference
was 7 per cent.

| EEREa

Figure 3.--From the experiment in north Sweden.
On this plot a double cover of slash was
left at the thinning 17 years earlier.

GROWTH LOSSES ALSO ON FERTILE SOILS

A series of experiments, dedicated to the
same problem, was established by the Department
of Forest Research in Norwav in 1972 - four of
them in pine stands and four in spruce stands
(Norway spruce). According to Bjérn Tweite,
leader of these experiments, the trend is the
same here as in Sweden. So far it is most ob-
vious in the spruce stands.



The four Norwegian thinning experiments
in spruce stands are established on good sites.
The growth losses amount to 1.5 m3/hectare,
which corresponds to 11 %. This difference is
strongly significant.

Many foresters believe it is a small risk
of yield loss in harvesting full trees on good
gites. Obviously it is not so.

AMOUNTS OF NUTRIENTS IN SLASH FROM THINNINGS

The slash from these Norwegian experiments
in spruce stands contained on an average 113 kg
of nitrogen, 108 kg of calcium, 14 kg of phos-
phorus and 57 kg of potassium. The slash from
the youngest stand contained as much as 147 kg
of nitrogen which, in Sweden, is an ordinary
quantity when fertilizing ‘in practice.

This problem has been investigated in
Finland also. Milkdnen has examined the amount
of nutrients lost during the first thinnings if
the slash, including needles, is also removed.
He has the average figures from 8 experiment
plots in pine forests on a whortleberry vegeta-
tion site where the removal was 62 m3 stemwood/
ha. The residue of tops and branches was the
equivalent of 8 t of dry weight. It contained
an average of 26 kg of nitrogen, 3 kg of phos-
phorus, 14 kg of potassium and 16 kg of calcium.
In spruce stands he has made similar studies on
a more fertile site with blueberry shrubs and
wood sorrel. Here the volume logged by thinning
was 93 m3sk/ha. The residue equalled 17 t of
dry matter, containing 74 kg of . ‘rregen, 9 kg
of phosphorus, 25 kg of potassium and 82 kg of
calcium. This shows that considerable amounts
of the nutrient are removed with the logging
residue.

Research on biomass and the nutrient con-
tent of the different parts of the tree has
been carried out in Sweden. In thinning stands,
between 29 and 100 years of age, Albrektson has
found that branches and needles together con-
tained nitrogen amounting to 79-109 kg/ha.

COMMERCIAL FERTILIZER IS INFERIOR

There have been discussions as to whether
or not the losses of nutrients may be compensa-
ted for by fertilizing. According to several
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ecologists the nutrition found in the logging
residue is of considerably higher value than in
the corresponding amount of fertilizer. The
residue promotes the activities of the soil
organisms as well, Furthermore, the shading

by the slash may have a favourable effect on
the moisture content of the soil which is
valuable especially on dry soils. In forestry
it is agreed that the traditional logging
residue should be left on such soils.

A new series of experiments has now been
started in thinning stands where the effect of
utilizing full trees is being studied. The
project includes fertilizing in connection with
such logging. In late cleanings too it is
possible to extract considerable amounts of
biomass. Experiments in cleaning stands where
the felled trees are left on the ground or
removed, respectively, are still too few but
new ones were carried out during the summer
of 1983,

Summing up, I have to admit that there
is, unfortunately, too few experiments that
can explain the long-term effects of utilizing
full trees in cleanings and thinnings. The
tendency is, however, rather obvious in the
case of thinnings. There definitely seems to
be a loss of growth if the traditional logging
residue is not left on the forest floor.

Literature cited

Albrektson, Arne. 1980. Relations between tree
biomass fractions and conventional silvi-
cultural methods. Ecol Bull. 32:315-327.

Andersson, Sven—Olof. 1983. Heltridsutnyttjande
vid gallring och dess effekt pd tréddens
tillvdxt. Skogsfakta Supplement nr 1, 1983
pp 18-23. - Sveriges lantbruksuniversitet,
skogsvetenskapliga fakulteten.

Brantseg, Alf. 1962. Irrigation and twigcovering
experiments in Scots Pine forests. - Commu-
nicationes Instituti Forestalis Fenniae
55.7 Helsinki.

Mdilkdnen, Eino. 1976. Effect of whole-tree
harvesting on soil fertility. - Silva
Fennica vol 10. Nr 3.

Milkdnen, Eino. Biomass and nutrient removal in
whole-tree harvesting in some coniferous
stands thinned for the first time - Stencil.



IMPACTS OF WOOD HARVESTING ON STAND ESTABLISHMENT

IN THE WESTERN EUROPEAN SCENE '

W. Heij ?

ABSTRACT

A survey is given of the harvesting and the stand establishment methods, which are in use in Western Europe.
There are many impacts from harvesting on stand establishment but not very many exact figures are known.
The author is making a plea for a system analysis of the whole system of harvesting and regeneration, i.e.
of the chain of activities from the mature stand up to the growing young stand. Except of a comparison of
costs a study should be made concerning the decision making with respect to the choice of methods.

INTRODUCTION

Foresters in Western Europe are thinking in
terms of stands which are generated in some way,
tended and thinned during many years and finally
harvested. By then we start a new cycle again.
Trying to plan the management and the operations
during the rotation of the stand, has an impact
on the generation of the stand and forest, on
the spacing of the trees, on the spacing of the
roads, etc. For example forests in the Nether-
lands have been planted in a time that horse
traction was still very important and the result
is there are nowadays too many roads per ha,
moreover of low quality. Especially, if the
period between afforestation or reforestation
and harvesting is large, it is difficult to plan
so far ahead, since the labour circumstances,
the methods and the equipment are changing. To
be more specific, we can not oversee such a large
period.

Harvesting and reforestation - in that
following order - are much closer. It must be
possible to have a young growing stand within
a four years or even shorter period and this
period can be overseen. There is, of course, an
impact of stand establishment on tending,
thinning and harvesting of the stand, but to make
the situation less complicated it is not
considered in this article.

In the present experience both operations,
harvesting and stand establishment, are
disconnected. Very often the operations are
arried out by different people and no
coordination takes place; this is even the case
within a group of operations, for example between

' Paper presented at the conference
COFE/IUFRO - 1984. Orono, Maine, USA/Fredericton,
New Brunswick, Canada. 12-18 August.

2 W. Heij, senior scientist Department of
Forest Technique and Forest Products, Agricultural
University, Wageningen, The Netherlands.
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felling and skidding. The logger is interested in
how to harvest the timber in the most efficient
way without looking forward to the next stage.
There after the planter has to find his way
through a mess of logging waste to generate a
growing stand within the shortest time possible
and as cheap as possible. Decisions made
concerning harvesting, have an impact on stand
establishment. For example, what the reason may
be, if large stumps are left behind on a clear
cut, it is much more difficult, or even impossible
to mulch the logging slash and to use planting
machines.

It would be interesting to integrate both
operations much more, and to consider both
operations as a whole system. System analyses
have been carried out till now concerning sub-
systems, or even sub-subsystems. It gives a good
comparison between the systems, but it does not
say anything about the decision-making behind
choosing the specific system if the preceding
stage is not included.

System analysis of the whole system may
lead to a better insight how the different
operations are linked together and may lead to
development of integrated machines which carry
out logging and stand establishment at once.
This, of course, lays in a far future and it will
often not be possible because of climatic
conditions in areas where the planting period is
very short.

HARVESTING

The several operations, as felling, delimbing,
debarking, croscutting, transport in the stand to
the road, have still to be carried out, does not
matter what kind of system and what kind of
mechanization grade you choose.

Debarking is mainly mechanized. Mobile
debarking machines are still in use, although
more and more timber is debarked at the delivery



point. This may be a central conversion site or
the wood processing industry.

The full tree system, where the felling and
the skidding are the only operations in the
forest, is in Western Europe in use on a small
scale. At the central conversion site you need
the possibility to use the waste for energy or
to get rid of it in an other way. Trials in the
Netherlands to use the full tree system, to chip
the trees totally and to produce green chips for
the particle board industry were not very
successful and the system has been abandoned.

The shortwood system and the tree length
system - in the later case crosscutting can be
carried out at the forest road or at a central
conversion site - are in use mainly. On a small
scale thinnings are harvested by means of
processors, machines which are developed especially
for this purpose. Smaller forwarders, more adapted
to the circumstances, have been constructed.
Forwarding of shortwood is often carried out by
heavier farming tractors with crane in combination
with a trailor; the investment for such a
combination is far lower than for a specialized
forwarder and the basic machine, the tractor, can
be used for other purposes. For skidding tree
lengths heavier farming tractors equiped with a
graple are available.

The larger part of the felling and delimbing
is still carried out with the power saw. Although
the power saw has been improved over the years =
less noise, less vibration, lighter weight -
working with it is still heavy labour. Out of a
viewpoint of ergonomics and safety, it remains
a doubtfull tool. Although the in Scandinavia
developed systems of felling and delimbing by
means of the power-saw are ergonomically better
working methods, workers have to learn to use the
system and to adapt theirself to it. At the other
side more untrained labour is moving in the forest,
since employing own people is expensive and more
timber is sold to a contractor.

The power-saw will not disappear very soon,
since the more mechanized systems have their
limitations, especially in a forestry you find in
Western Europe. Because of the high population
pressure on the forest.one is looking for more
"natural” harvesting systems, which results in
smaller harvested areas and, if possible, in the
use of natural regeneration.

The main objection against the use of
machines in the forest is soil compaction and
damage to the remaining trees. In this view and
also in the view of wishing to propagate more
"natural" systems, the use of horses for skidding
is getting more popular. Sometimes you get the
impression that tnec limitations for the use of a
horse are forgotten. A horse can be very useful
for concentrating trees, if the skidding distance
is limited to an average of 25 m. Then, the
bunches  can be skidded to the forest road by
adapted heavier farming tractors equiped with a
graple. One has to keep in mind that horses,
skidding tree lengths, also damage remaining trees.
Moreover, horses, travelling along the same path
several times, may cause a higher soil compaction
than a tractor. In our department at the
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Agricultural University at the moment a study is
carried out to getmore insight in compaction of
forest soils.

Western European forestry has always been
more small-scale forestry than the forestry in
Scandinavia and North-America. The in both areas
developed forest machines are often of a size,
which can not be used in Western Europe. Trials
and careful introduction of these machines were
not always successful. The progress of
mechanization has been slower and is slowing down
lately. At the other side, as from the middle of
the seventies smaller forest machines and also
equipment which can be used in combination with
heavier farming tractors, have been developed,
which are more adapted to local circumstances.

STAND ESTABLISHMENT

Stand establishment is executed mainly
artificially, by planting or by seeding. Seeding
can be used if seeds are available abundantly,
which is not often the case, especially if you
take provenance and quality of the mother stand
into consideration. The by far larger part of the
artificial regeneration is carried out by planting
and in most cases bare-rooted plants are used.

The planting stock at the nursery is selected and
the larger, mainly twice transplanted plants are
used for reforestation. Larger plants are used

in combination with wider spacing. Larger plants
will overgrow the weeds quicker and the crowns

of the trees will come into closure earlier. The
very wide spacing, especially of Pinus silvestris,
which was applied in the Netherlands in the
seventies, has been turned slightly backwards,
since branching of the trees was very heavy.

If site preparation, i.e. manipulation of
the site cover, can be omitted, depends on the
amount of slash and undergrow and on the method
of soil preparation and artificial regeneration
which will be applied. The slash can be windrowed
and eventually be burned. Reduction of slash and
undergrow by means of mulching is often applied,
especially in the Netherlands. An other applied
method of reduction of slash is the use of a
rolling chopper. ,

Soil preparation is mainly applied on spots,
or on strips. In the Netherlands soil preparation
is minimized. The carefully built up humus should
not be disturbed by heavy soil preparation because
of increased break-down of the humus and,
consequently, loss of moisture and nutrients. This
applies especially to the poorer sandy soils,
where you can find most of the forests in the
Netherlands. In Northern Germany, in more or less
comparable circumstances, very often the stumps
are removed from the area, windrowed together
with the slash and the whole area is ploughed. It
may be that the forest soils in Northern Germany
are of a better quality than in the Netherlands,
but there are also other objectives, as reduction
of weed competition and late frost damage, and the
use of cheaper one-year old plants.

Operational analysis of systems for artificial
regeneration shows that systems without
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mechanization or partly mechanized systems prevail
in Western Europe, although fully mechanized
systems, as for example the forest-plough-planting
machine, are cheaper. Use of the forest-plough-
planting machine, also in combination with wind-
rowing the logging slash, a reasonably cheap
method; is in the Netherlands limited to private
forest owners, while others use more expensive
methods. The use of the mulching machine for site
cover manipulation became very popular in the
Netherlands in the seventies, but it is a costly
method, especially if it is followed by mechanized
spot-wise soil preparation and handplanting. Use
of more expensive methods can only be explained,
if the results on the long term will be better.

At the end of the seventies a Danish planting
machine has been introduced, a machine, which is
combining site preparation, soil preparation
and planting in one machine. Prelimenary research
showed that the costs of establishment by means
of this machine are at a level of the costs of
the cheapest methods. The machine can be used in
easy and average circumstances.

In view of the more ecological methods
natural regeneration is propagated. This can
be done according to the selection felling system
of single trees or of small groups. Of course, the
quality and the provenance of the stand has to be
such, that it is meaningful to make use of natural
regeneration. It might be a cheap establishing
method, but the costs of tending and thinning
the stand will be higher than in the case of
clearcutting larger areas followed by artificial
establishment of a limited amount of plants. The
possibility of using mechanized systems will be
limited and it is an open question how much
damage will be done to the remaining stand. It
is often argued that natural regeneration will
improve the stability of the stand. This will
only be true if the stands are tended properly
and if the trees get enough room for development.
In Germany, and especially in Southern Germany

the system is in use already a long time,
although only 10% of the total reforested area
in Western Germany is treated according this
system.

IMPACTS

System analyses give a good comparison of
costs of different systems, but it is often not
clear why different systems are used in apparently
similar circumstances. System analyses have been
carried out on subsystems but never on the overall
system of harvesting and stand establishment.

It is clear, there is an impact of harvesting
on stand establishment. The way a logger leaves
the logging area behind, may exclude special
stand establishment methods or may include extra
work to make a special method possible. Twenty
years ago in the Netherlands final felling,
especially of Pinus silvestris was executed
harring-bone-wise; the branches could be wind-
rowes easily by hand and a clean logging area was
left. Nowadays parallel felling takes place and
the logging waste is left scattered over the area.
At one side this depends on the used logging
machines, at the other side this depends on the
fact, that more untrained labour is moving into
the forest.

Apparently establishing methods are used,
which are too expensive considering the circum-
stances (table 1). The reason may be the
equipment for a cheaper method is not available
and the available more expensive system is used.
Or it may be possible one is equiped for the worst
circumstances and the equipment is used in all
circumstances.

I am pleading here for making a system
analysis of the total chain of activities from
the mature stand up to the growing young stand
(fig. 1). This will give a better insight in the
whole system and perhaps will lead to a better
coordination of activities.

Forestry in Western Europe is tending to a

Site preparation Soil preparation Planting % Afforested area Relative costs
Pprivate | state er ha
windrowing, manual - manual 15 6 100
- - manual 7 11 108
mulching - manual 7 6 167
mulching forest plough manual 43 20 172
mulching spotlike scarifier manual - 18 172
mulching forest plough planting machine 17 8 176
mulching plant hole grubber manual 11 31 206
Total area (ha) 154 140
Table 1. -~ Some of the used establishment systems and relative costs in the

private and state sector of forestry in the Netherlands (1979)
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Fe=felling

Cu=crosscutting

= (sub)system; an integrated system, if more codes are
brought together in one block.

Cl=clearing/site preparation

Dl=delimbing Tr=terraintransport So=soil preparatlon

Pl=planting

stronger application of ecological considerations.
In the case of clear cut and artificial
regeneration this means decrease of the size of
the object area, for example <1 ha. The final
consequence may be the system of selection
felling of single trees or very small groups of
trees; in that case you might make use of natural
regeneration. Contrary to this, an Eastern German
study shows that biologically and technically the
best results are reached, if the size of the
object areas varies between 3 and 10 ha.

Decrease of the size of the object area
implies increase of costs. Decrease of the size
of the object area means moving people and
machines more often. This will increase the
amount of general times, decrease productivity
and increase costs. Moreover the productivity of
a machine at a smaller area will decrease, since
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more turns have to be made.
Use of the system of slection felling of

‘groups or single trees will increase costs or

decrease yields, since:

- harvesting without damage to the remaining stand
has to be carried out more carefully. Costs of
harvesting a shelter above a young stand, a
silvicultural system, which is often applied in
areas where late frosts are occuring, may be
indicative.

- in many cases the use of natural regeneration
will not be possible, because the quality of the
stand is too low. Artificial regeneration will
be necessary. The smaller the size of the object
area, the higher the costs will be.

- economical and technical limitations necessitate
more traditional forest labour. Activities can




not be executed by machines, but have to be
carried out manually. Moreover, using
traditional methods will have impacts on
ergonomics and safety.

- supervision has to be intenser,

- if the same amount of timber will be harvested
per ha per year, timber felling will take
place more scattered over the forest area.
Transport of the timber will be more expensive.

FINAL REMARKS AND RECOMMENDATIONS

Forestry in Western Europe has manifold
objectives, as protection against wind and water

erosion, satisfaction of the psycho-social
needs of mankind and wood production. A high
pressure of the population which considers the
forests as public owned, has an influence on
the way of managing the forests. Moreover, the
forests are owned by many owners; the average
size of the woodlot is small.

In general you can speak of small scale
forestry. This means there are limitations
concerning the possibility for mechanization
and the level of mechanization. Mechanization is
not an aim in itself; except of a higher
productivity, one of the objectives is humanizing
hard forest labour.

Anyhow, if wood production is still one of
our objectives, the forests will be harvested
and new stands have to be established. From
the mature stand up to the growing young stand
a chain of activities has to be carried out.
These activities we want to carry out as
efficient as possible. At the moment the
motivations of decisions concerning the choice
of methods for the different activities are
sometimes very cloudy. Used subsystems vary
in costs sometimes twice.

In view of this I would like to recommend
the following:

~ A system analysis should be made of the
whole system of harvesting and stand
establishment, not only as a comparison of
costs, but also to get more insight in process
of decision making concerning the different
steps in the chain of activities.

- Further development of methods, tools and
equipment which are adapted to small scale
forestry and also of methods and tools for
mechanical weed control in the first stage
of the establishment, since the use of
chemicals has been or will be limited because
of public pressure.
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ROLL SPLITTING AS AN ALTERNATIVE TO CHIPPING
FOR A WOODY BIOMASS FUELS PREPARATION!

Dennis T. Curtin?

Abstract--A prototype roll splitter, developed by K. C.
Jones and Associates for Forest Engineering Research Insti-
tute of Canada (FERIC), is being cooperatively tested by
FERIC and TVA. The objectives of the test are to document
the energy required to fracture round bolts of a variety of
hardwood species and determine the effects of the frac-
turing process on moisture content and drying characteris-
tics of the fractured bolts.

Energy consumption, dewatering, and drying rates are
presented.

Paper presented at the conference
COFE/IUFRO - 1984. Oronmo, Maine, USA,
12-14 August.

2Dennis T. Curtin is Timber Harvesting
Operations Project Manager in the Division
of Land and Economic Resources, Tennessee
ggiley Authority (TVA), Norris, Tennmessee,
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THE SPRUCE BUDWORM IN MAINE!

David E. Fosbroke, Douglas R. Gill, and Thomas J. Corcoran?

ABSTRACT

The current spruce budworm epidemic is the
most widespread of this century, affecting more
than half of Maine's 8 million acre spruce-fir
forest. The economic importance of this timber
resource, particularly for pulp and paper products,
stirred early interest in the monitoring of spruce
budworm population levels.

Forest stands containing high percentages of
balsam fir are very susceptible to severe defoli-
ation, which results in growth reductions and
eventually mortality. During severe budworm
infestations, widespread mortality occurs in
mixedwood stands as well as spruce-fir stands.

In addition to growth loss and mortality, spruce
budworm defoliation can cause major problems; one
problem involves how to best salvage potentially
high volumes of timber before it deteriorates
beyond usable limits. This problem is not easily
solved because decay, windbreak, and blowdown of
budworm damaged trees result in the waste of this
usable resource if salvage operations are not
completed within one to three years after tree
mortality.

lposter presented at the conference COFE/
IUFRO - 1984. Orono, Maine, USA, 12-14 August.

2David E. Fosbroke and Douglas R. Gill are
Research Assistants, College of Forest Resources,
University of Maine, Orono, Maine, USA. Thomas
J. Corcoran is Professor of Forest Engineering,
College of Forest Resources, University of Maine,
Orono, Maine, USA.
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The most common and effective method of spruce
budworm control is the aerial application of
chemical and biological insecticides. Silvicul~

. tural control methods focus on the removal of

balsam fir from susceptible stands as a means of
reducing the risk of budworm predation. The com-
bination of insecticide use, silvicultural prac-
tices, and insect monitoring, commonly referred
to as integrated pest management, provides a
comprehensive method of moderating future budworm
population surges.

Regardless of the magnitude of insecticide
use or silvicultural prescription, current budworm
caused mortality will continue for some time, even
after depleted food supplies have reduced budworm
populations to endemic levels. However, with the
development of sound economic strategies for plan-
ning optimal salvage schemes and control levels,
we can reduce the magnitude of potential timber
losses due to budworm devastationm.



MECHANIZED SHORTWOOD THINNING SYSTEM

1

ABSTRACT

Bryce J. Stokes
Southern Forest Experiment Station
Auburn University, Alabama

First commercial selective thinning in
southern pine plantations is feasible when using
small machines to produce shortwood. The primary
advantage of selective thinning is that trees
which will produce the most income in the future
are left as opposed to row thinning which removes
many of the high quality trees. Conversion of
felled trees to shortwood before transporting out
of the woods is an advantage in a selective
thinning operation. The shortwood can be loaded
on small forwarders and hauled out of the stand in
narrow corridors which meander around quality
trees normally removed for straight access routes
needed for skidders.

A feasible operation consists of feller
bunchers, chainsaws or mechanical processors for
delimbing and bucking, and forwarders. Small,
highly maneuverable rubber-tired feller bunchers
are used to fell trees and bunch them at access
corridors. The operators select which trees are
to be removed. Narrow, winding corridors (3.5m)
are opened about every 27m (90 ft). Trees are
selectively cut between the corridors. In manual
processing, bunches with approximately 15 trees
each are laid parallel to the corridors. Chainsaw
operators delimb and buck the trees in the bunches
into shortwood. Because of the large bunches, no
additional piling of the shortwood is required to
optimize forwarder productivity.

An alternative to manual delimbing and bucking
is mechanized processing. Processors are safer
and require less labor. Trees are bunched perpen-
dicular to the corridors by feller bunchers with
20-25 trees per bunch. The processor operates

1Poster presented at the conference COFE/IUFRO-
1984, Orono, Maine, USA, August 12-14.

253

Bobby L. Lanford
Department of Forestry
Auburn University, Alabama

from the corridor with 1imbs and tops remaining

to improve trafficability and reduce compaction.
The processed shortwood is piled along the edge of
the corridors.

Forwarders extract approximately 4 bunches
per turn for the manual processing alternative or
2 piles per turn behind the mechanical processors.
Forwarding distance averages 122m (400 ft) with
maximum distances of about 275m (900 ft). With
approximately 8 trees per cubic meter (28 tregs
per cord) the average volume per turn is 7.2m
(2 cords). Wood is off-loaded onto set-out
trailers at the landing.

For an average daily production of 21.5m3 (78
cords), the balanced systems would be as follows:

Chainsaw Mechanical
Machines Processin Processing

~=<= Number of Machines ---
Feller bunchers 2 2
Chainsaws 5 -
Processors - 2
Forwarders 3 3

This mechanized shortwood system with either
chainsaw or mechanical processing has proven cost
effective in thinning loblolly pine plantations
between ages of 14-18 years old in southern USA.
Current bolt length is 2.3m (7.5 ft). The result
is an acceptable silvicultural treatment completely
paid for by the value of the pulpwood removed.



ROAD AND BRIDGE CONSTRUCTION

A. Allen Murphy?

ABSTRACT

Introduction

The material on this poster was a combination
of materials on road comstruction, culvert loca-
tions, setting pools, and basins, filter strips,
horizontal and vertical road shoulder slopes,
road locations in the field. Other supplemental

material included bridge terminology, bridge planms,

road classifications, culvert installation,
information on skidder trails and other road
information.

Description of Data Base

The data base of this poster is from company
plans of bridges, field data collected over a
period of years, and pages of the company manual
on road and bridge construction. This material
was supplemented by photos of work in the field.

lposter presented at the conference COFE/
IUFRO - 1984. University of Maine, Orono, Maine,
USA, 12-14 August, 1984.

2A. Allen Murphy is the Forest Engineer for
Seven Islands Land Company, Bangor, Maine, 04401,
USA.
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Conclusions

The data put together for this poster is a
summary of field data put down on paper in a
plain and simple way by using plans and sketches
to show the proper road construction in the field,
proper bridge design, and culvert installation.

The only literature used was the Seven
Islands Land Company booklet entitled "Access
Road, Water Crossings and Skidder Trail Layout"
by Murphy. :




A MAP-BASED INFORMATION SYSTEM FOR LOGGING ROAD MANAGEMENT!

Maarten A. Nieuwenhuis and Thomas J. Corcoran

ABSTRACT

The use of computerized information systems
in forest management is increasing rapidly. Most
of these systems are developed primarily for stand
management. An important section of forest man-
agement which is often not included is the trans-
portation and road construction aspect.

In the last decade more emphasis has been
directed towards this part of the overall managing
process. Three reasons warrant inclusion of road
construction, road maintenance and tramsportation
scheduling in the information system: the
increase in construction and fuel costs, the
growth of the existing road networks, and the
increase in road comnstruction due to the salvage
operations of spruce budworm damaged timber in
the Northeast of the United States and Eastern
Canada.

lposter presented at the conference COFE/
IUFRO - 1984, Orono, Maine, USA, 12-14 August.

2Maarten A. Nieuwenhuis is a Research Assis-
tant, College of Forest Resources, University of
Maine, Orono, Maine, USA. Thomas J. Corcoran is
Professor of Forest Engineering, College of
Forest Resources, University of Maine, Orono,
Maine, USA.

255

2

A computerized map-based information system,
which combines the easy accessibility of maps
with the data storage and retrieval capabilities
of a computerized data-base, provides the manage-
ment with a tool to deal with the large amounts
of data involved. The output capabilities in the
form of maps and/or reports make the system
flexible enough to suit the needs of different
users.

The road network management capabilities of
the system are enormous: road and structure main-
tenance scheduling, selection of road segments and
structures for upgrading procedures, traveltime
estimations, shortest route determinatiomns, and
possibly the selection of an optimal manner, using
soil; river, stream, lake; covertype; and eleva-
tion data from the total system.



PENDULUM BALLOON LOGGING SYSTEM'!

Eldon D. Olsen?

Abstract--We tested the concept of using a

tethered balloon for

system applications

transport. Potential

ship to shore transport,

logging, and heavy construction in remote areas.
System capabilities were predicted using computer
models and small scale field experiments. The system
is still in a developmental stage.

SYSTEM DESCRIPTION

The pendulum-swing system differs from
conventional balloon systems with the load always
suspended directly beneath. In this new system,
lift for the load is provided by a stationary
balloon and the load is swung to the landing in a
pendulum=1like movement.

An application of the pendulum-swing balloon
system is illustrated in Figure 1. Components
include a natural-shaped balloon with a capacity
of 31,000 m? <three or more guylines, and a
conventional yarder.

The helium-filled balloon 1is held in a
relatively fixed position 450 m above the ground
by means of three or more guylines, at least ome
of which 1is attached to a winch capable of
spooling the entire length of the guyline. This
winch allows the balloon to be repositioned by
changing guyline length. The remaining guylines
are anchored near the perimeter of the harvesting
unit.

-RESULTS

Because the length of three separate lines
(mainline, haulback, 1lift) are simultaneously
changed the system will be computer controlled.
Field tests of models have indicated that the
system is relatively stable under normal operating
conditions. Stability comes from the guylines
restricting balloon movement and from operating
lines controlling the load hook position.

The major restriction of this system is its
vulnerability to high gusty winds. For winds in
excess of 46 km/hr (25 knots) the system must be
secured in a sheltered location. The initial cost
of the system is about $2,688,000 (U.S.).
Operating costs are about $900/hr based on an 184
working day season and an 8 person crew or 10%
more than the hourly operating costs of
conventional balloon systems. A typical load/
unload cycle can be accomplished every 5-6
minutes. Predicted productivity comparisons
indicate that the pendulum system is superior to
conventional balloon logging (Yo-Yo system) only
at yarding distances under 800 m (fig 2). The
comparison 1is for Pacific Northwest U.S.A.
conditions with 100 metric tons per hectare to be
harvested.

!Poster presented at the conference COFE/IUFRO
1984. Orono, Maine, USA, 12-14 August.

2Eldon D. Olsen is Associate Professor of
Forest Engineering, Oregon State University,
Corvallis, Oregon, USA.
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Figure 1.--Pendulum swing balloon logging systems.

Funding for the project was provided from a
grant to the OSU Foundation by J.L. Bell who holds
a 1974 U.S. Patent Number 3807577 on the pendulum
swing concept.
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Figure 2.--Comparison of production.




MICROCOMPUTER-BASED FOREST OPERATION PLANNING

DECISION SUPPORT SYSTEMS1

E.W. (Ted) Robak?

Abstract.- North American forest operations are
generally highly mechanized and capital-intensive
and are, therefore, highly sensitive to planning
deficiencies. A study of contemporary operational
planning methods has revealed that, although the
basic analytical techniques employed are usually
adequate, the process itself is not conducive to
the application of sensitivity analysis. Managers
have indicated that they are not being given the
information, tools and/or time to formulate better
operating plans or to change those plans in
reaction to unforseen problems or opportunities. A
decision support system (DSS) could reduce these
shortcomings in the management decision-making
process by combining effective data-base
management, modeling and dialog capabilities to
provide decision support for unstructured and
semi-structured problems. Proper application of the
DSS concept could greatly enhance the abilities of
managers to plan and control forest exploitation
activities,

The goals of a DSS for forest operational
planning and control should be to improve a
manager's ability to analyze the potential effects
of future operating decisions and accurately
estimate the efficiency of ongoing harvesting,
transportation, stand establishment and support
activities, Such a support system should be capable
of retrieving information from forest resource, -
equipment and financial data-bases, it should be
able to effectively interact with the strategic
decision-making environment and yet must always_be
accessible to a manager in his workplace, no matter
how remote that might be. One microcomputer-based
DSS currently under development (OP-PLAN) will use
the entire operating budget as the major objective
decision criterion for sensitivity analysis, while
relying on a manager's experience and intuition to
ensure that physical, biological and organizational
constraints are properly recognized. OP-PLAN would
also be used as a managerial control tool during
the operating year by facilitating the formulation
of plan revisions and new budget estimates for
comparison against the original budget. However, it
should be recognized that although this DSS could
help managers improve their operational planning
and control, its utility will be greatly increased
when it forms part of a network of specific DSSs
that are integrated vertically and horizontally
(connecting all levels and departments of an
organization) and that effectively access the rich
information environment in which they exist.

lposter presented at the conference COFE/IUFRO
- 1984, Orono, Maine, U.S.A, 12-14 August.

2E.H. (Ted) Robak is associate professor of
Forest Engineering, University of New Brunswick,
Fredericton, New Brunswick, Canada
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ABSTRACT
THE EFFECT OF HEAT STRESS ON FOREST HARVESTING PRODUCTIVITY

Leo A. Smith, Michael R. Seay, and Donald L. Sirois

INTRODUCTION

The effect of heat stress on the productivity
of forest harvesting personnel has been considered
by only a few investigators. Both Axelson .(1974)
and Smith (1984) present speculation on the topic,
but actual forest harvesting data supporting the
observations are not presented. The present post-
er summarizes the effects of heat stress on pro-
ductivity revealed by analysis of production
records of three harvesting crews working in
southeastern Alabama.

DESCRIPTION OF THE DATA BASE

. Daily production records from two years of
operations of three six~-man logging crews employed
by a large harvesting company in southeastern
Alabama were selected for study. During the study
period each crew experienced no turnover in per-
sonnel, harvested similar stands utilizing similar
equipment and methods, and operated under rela-
tively stable market conditions. Crews 1 and 2
typically worked on dry, upland terrain and their
data were combined for analysis. Crew 3 typically
was assigned work in low lying areas. The harvest-
ing system consisted of chainsaw felling, delimb-
ing and topping, cable skidding, and loading of
whole stems., Crew 3 differed in that track rather
than tire mounted skidders were typically utilized.
Natural stands of mature pine were harvested; some
stands had been prelogged for pulpwood. Environ~
mental data were readings recorded every three
hours by the nearest (80 km) station of the U,S.
National Weather Service. A total of 806 crew/
days were included in the final data set after
elimination of days involving atypical harvesting
activity.

1Poster presented at the conference COFE/
IUFRO - 1984. Orono, Maine, USA, 12-14 August.

2Leo A. Smith is associate professor of

industrial engineering, Auburn University, Alabama,
USA.

Michael R. Seay is a PhD student, Auburn
University, Alabama, USA.

Donald L. Sirois is a project leader, South~
ern Forest Experiment Station - USDA/FS, Auburn,
Alabama, USA.
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ANALYSIS AND RESULTS

. A number of heat stress indexes have been
proposed to reflect the composite effects of the
different variables in the occupational thermal
envoironment. The Oxford Index was used in this
study. - The Oxford Index (WD) is defined as
(.85%wbt + .15*%dbt) The WD was calculated using
the average of the temperature readings from the
0900, 1200, and 1500 hours of the day.

- The relationships between harvested weight
per manhour and the following independent variables
were evaluated: WD, week day, and tract rating.
The tract rating was a numerical score assigned by
the logging company reflecting the relative desir-
ability of a tract., Analysis of variance indi-
cated that production was significantly affected
(.10 level) by tract rating and WD for crews 1 and
2. Only tract rating was significant for crew 3.
Attempts to develop regression models of produc-
tion per manhour as a function of tract rating and
WD resulted in very low R-square values.

Based on the results of Duncan's multiple
range test the crew 1 and 2 tract ratings were
divided into a high and low group. Similarly, the
WD values were divided into a high group (WD>.25°
degrees C) and a2 low group (WD <=25), The :combina-
tion of high track rating and low WD resulted in
15.8% greater average productivity than the low
track rating~high WD combination. There was no
interaction between the grouped variables and the
two middle groups differed by only 2,8%.

CONCLUSION

The analyzed data indicated a reduction in
productivity under WD conditions greater than 25
degrees C. A model describing productivity reduc-
tion as a function of WD could not be developed
most likely due to the inherent daily variability
in harvesting data.

LITERATURE CITED

Axelson, O, 1974, Heat stress in forest work. 3lp.
Food and Agricultural Organizational of the
U,N., Rome.

Smith, L. A. 1984, Observations on the effect of
heat stress on forest harvesting personnel.
Proceedings of the 1984 international confer-
ence on occupational ergonomics. (Toronto,
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RESIDUAL HARVESTING SYSTEMS FOR THE SOUTH

1

ABSTRACT
8ryce J. Stokes Donald L. Sirois .
Southern Forest Experiment Station Southern Forest Exgeriment Station
Auburn University, Alabama Auburn University, Alabama
More importance is being placed on the utili- swath. Chips are discharged onto a second vehicle

zation of small diameter, unmerchantable trees as
well as residuals remaining after harvest. This
is partly due to the increasing uses for forest
biomass and the increasing costs of fossil fuels.
Another important reason is to offset the high
cost invoived in regeneration with intensive
mechanical site preparation.

New techniques and machines are being deve-
loped to harvest more of the woody biomass for
energy. Methods range from conventional
harvesting systems with portable chippers to spe-
cialized machines and innovative concepts. Some
research emphasis has been directed toward the
development of multi-functional harvesting machi-
nes that fell the unmerchantable trees and/or pick
up the residual slash for chipping and primary
transport. Other concepts include baling and
hogging the residuals behind conventional har-
vesting operations.

Recovering energy wood economically is a major
problem due to the high cost of collecting,
handling, and transporting the low volume trees
and components. One solution is chipping the
wood at the site and transporting to the mill
boiler in vans. There are four sepa. «te concepts
being developed for this purpose:

Portable Chippers - Chippers in this category are
usually mounted on a trailer and are towed to the
site and operated at the Tanding. They are an
integral part of a conventional system that inclu-
des feller bunchers and skidders. Products may be
only energy wood or a mixture of energy wood and
merchantable roundwood using a loader. The nature
of the system demands the harvest of whole trees
to certain diameter limits. Recovery of the
downed slash is infeasible. Therefore the energy
wood is pre-harvested or simultaneously harvested
with the other products from the stand.

Such a system offers the potential for
increased utilization at competitive costs for
certain stands. Current equipment can be used.
Disadvantages include high costs associated with
Tow volumes of biomass and non-recovery of logging
slash.

Mobile Chipper Harvester - The concept is a
chipper mounted on a carrier with felling capabi-
lity for small trees and brush in a continuous

1Poster presented at the conference COFE/IUFRO-
1984. Orono, Maine, USA, August 12-14.
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for forwarding to the landing or other unloading
point. With this process, the trees in otherwise
unmerchantable stands can be utilized for energy
wood. The system can be applied in post-
harvesting operations to recover the remaining
standing trees and logging slash on the site. The
advantage is the utilization of biomass that would
otherwise be wasted. Use of this system could
result in more cut-over acres being reconverted
into merchantable stands. The product will be
cleaner because the material is not skidded.
is a specialized system with only one product
capacity.

This

Mobile Chipper Harvester-Forwarder - This machine

concept incTudes the addition of an onboard provi-
sion for collecting the chips and forwarding to the
landing. Instead of having several machines, the
system consists of one machine which performs all
the functions of felling, chipping, and forwarding.

There are advantages in having less machines
in the system. Disadvantages include restrictions
to certain stands and productivity loss because of
the forwarding function. Little or no downed
biomass can be collected with this system.

Mobile Chipper-Forwyarder - The concept is based on

a self-loading chipper mounted on a carrier.
Working behind a feller buncher, trees from piles
are chipped in the stand and discharged into an
onboard container. The chips are forwarded to the
landing by the machine for dumping into an open-top
van. Because feller buncher are a part of the
system, tree diameter is very critical for economi-
cal recovery. The potential for recovering slash
may be lTimited.

Since the skidding function is removed, then
the system has the potential of producing cleaner
chips. The separation of the felling function
improves system utilization when one machine is
down. There is a productivity loss because of for-
warding with the same machine that does the chipping.

In summary, a practical approach to better uti-
lization of the woody biomass for energy wood is to
use conventional equipment for harvesting the small
diameter trees to economical limits. For recovery
of the residual slash, more specialized machines
are being developed. They offer the potential of
better utilization at an economical cost and a
reduction in the site preparation needed for regen-
eration.
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