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ABSTRACT

Gooding, T.L., 1996. Economic wood supply from alternative silvicultural systems: a
case study in Ontario’s boreal forest.

Key Words: alternative silvicultural systems, forest modelling, economic wood supply,
residual timber value, HSG, harvest scheduling.

A modified version of the Harvest Schedule Generator model (HSG) was used to
predict the economic wood supply from alternative silvicultural systems on a case study
forest (Seine River Forest) in northwestern Ontario’s boreal forest. Alternative
silvicultural systems were compared with traditional clearcut harvesting to determine
the impacts on sustainable harvest levels, wood costs and residual timber value.
Results show large reductions in harvest volumes, increased harvest area and
decreased profit for alternative silvicultural systems. Alternative silvicultural systems’
savings in regeneration costs did not offset the increased harvest and delivery costs
nor the reduced volume productivity from the forest as a whole. The different
silvicultural systems resulted in little variation in the residual forest age-class structure
after 200 years when harvest levels were equal. Based on the assumptions used in
this study, the use of alternative silvicultural systems as a replacement for clearcutting
in northwestern Ontario’s boreal forest would produce undesirable socio-economic
impacts.
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1 INTRODUCTION

In this decade, the practice of forestry is evolving towards a phase of greater social
responsibility. This socially responsible forestry has been referred to as “new forestry”
(Kimmins 1992). In new forestry, forest management activities are tempered by and
adapt to society’s evolving perception of what constitutes proper stewardship.
Consequently, forest management approaches such as ecosystem management and
objectives such as maintenance of biological diversity (biodiversity) (Sampson and Knof
1982; Hunter 1990; Kimmins 1992) are now mandated in many jurisdictions. Part of
new forestry is an increased reliance upon alternative silvicultural systems at the
expense of traditional systems based on clearcutting and artificial regeneration

(Kimmins 1992).

Over the previous two decades there has been a tremendous emphasis upon clearcut
silvicultural systems that rely upon tree planting to assure successful conifer
regeneration (Anon. 1993; Hearnden et al. 1993; Koven and Martel 1994). The high
cost of tree planting, coupled with perceptions over the ecological consequences of
large-scale clearcutting and planting, has become a public concern (Kimmins 1992;
Dodds 1994; Carleton 1995; Reed 1995; Ulley 1995). For example, international
attention upon clearcutting in British Columbia’s Clayoquot Sound resulted in significant
reductions in the area scheduled for harvesting and the introduction of alternatives to
clearcutting such as green tree retention (Beese and Dunsworth 1994; Reed 1995;
Lewis 1995). In Ontario, international pressure has been less intense, but recent

government initiatives aimed at reducing the traditional level of clearcutting and



artificial regeneration have been introduced (OMNR 1993b; Koven and Martel 1994;
Boast 1995). As a result, alternatives to clearcut silvicultural systems are now receiving
greater levels of interest across Canada (Koven and Martel 1994; Alberta Pacific Forest
Industries 1995). Recently, studies have been initiated to determine the impacts of
alternative silvicultural systems (see Jeglum and Kennington 1993; Yang and Bella
1994, Arnott et al. 1995; Navratil et al. 1995; Rollins et al.1995; Alberta Pacific Forest
Products 1996; Lieffers 1996). However, these are all stand-level studies that fail to

take forest-level dynamics into account.

In new forestry, it is not a matter of whether alternatives to traditional silvicultural
systems will be applied, but rather to what degree. Integrating these alternative
silvicultural systems into forest management practices will have effects upon the forest
that differ from those of clearcutting. Faced with public pressure for change, there is a
requirement to make reasonable predictions about the effects of alternative silvicultural
systems upon both the forest structure and the goods derived from them (Ontario
Forestry Policy Panel 1993; Dodds 1994). Due to the long time required to
demonstrate the pros and cons of new forestry, the probable consequences should be

explored in the interim by using computer simulation models (Kimmins 1992).

The objective of this study is to examine the long-term, forest-level consequences of
applying alternative silvicultural systems in forest management strategies for boreal
forests of northwestern Ontario. This was accomplished by comparing the predicted
results from a range of forest management strategies. The predicted results were
generated from a modified forest planning computer model, the Harvest Schedule

Generator (HSG) developed by Moore and Lockwood (1990). Using the modified



model, 200-year forecasts were developed for both a case-study northwestern Ontario

forest and some hypothetical forest structures.

Three forest management strategies were developed. One follows a traditional
sustained-yield forest management philosophy using clearcut harvesting followed by
artificial regeneration. The second strategy follows a philosophy of harvesting with only
alternative silvicultural systems. The third is a combination of all silvicultural systems

representing one possible interpretation of an ecosystem management philosophy.

The data files which were used to drive the simulations are included in the Appendices.
Appendix ll is a technical reference of the changes made to the HSG model. A
glossary of the technical terms is included. Throughout this report HSG commands are
in CAPITAL letters and HSG terms are in ifalics. Actual model syntax is printed in

Times New Roman type face.



2 CONCEPTS IN FOREST PLANNING AND ECONOMICS

2.1 Silvicultural Systems

Natural boreal forest ecosystems are driven by catastrophic disturbances such as fire.
The species which make up these ecosystems have adapted to such disturbances
(Fowells 1965; Koven and Martel 1994). Clearcut harvesting, the traditional method
used in the boreal forest (Anon. 1993), produces different conditions than those that
follow natural catastrophic disturbances (Koven and Martel 1994; Wedeles et al. 1995).
Natural regeneration following clearcut harvesting tends to favour the regeneration of
hardwood species which are capable of vegetative reproduction, resulting in a different
forest structure after harvest than that produced by natural conditions (Hearnden et al.
1993). This situation applies to Ontario’s boreal forest, where the primary method used
during the 1980's to regenerate the commercially preferable conifer species following
harvesting was planting or seeding on a prepared site possibly followed by tending

(Koven and Martel 1994).

Other methods can be used to maintain the conifer component in the boreal forest
(Wedeles et al. 1995). These methods involve changing not only the method of
regeneration, but the entire approach to harvesting, regeneration and stand renewal,
which taken together comprise a silvicultural system. For this study, the term
“alternative silvicultural system” refers to all silvicultural systems other than those using
clearcutting. These systems are considered alternative only because clearcutting has
been the dominant and traditional silvicultural system employed in the boreal forests of

Ontario since the beginning of this century (Wedeles et al. 1995).



“Silvicultural Terms in Canada” (Canadian Forest Service 1995) defines silviculture as
the theory and practice of controlling the establishment, composition, growth and
quality of forest stands to achieve the objectives of management. It also defines a
silvicultural system as a process that applies silvicultural practices, including tending
(thinning, pruning, etc.), harvesting and replacement of a stand in order to produce a

crop of timber and forest products.

According to Wedeles et al. (1995) and the Canadian Forest Service (1995),
silvicultural systems are named by the cutting method with which the regeneration is
established. The names used to classify silvicultural systems are not consistent in the
literature. This study will follow the convention used by Wedeles et al. (1995). For this

study, silvicultural systems are divided into the following categories:

Clearcutting System

® Modified Clearcutting System
+ Strip Clearcutting System
¢ Seed Tree System
¢ Multi-pass Harvesting System

e Shelterwood System
Selection System

There is also confusion in the definition of each term in the literature. For the purposes
of this study, the definitions used in Silvicultural Terms of Canada (Canadian Forest
Service 1995) will be followed. The clearcutting system removes all economically
merchantable trees from a site in one pass. Any appropriate method of regeneration

may be applied after harvest, but the system remains clearcut.



The modified clearcutting systems are departures from the normal clearcut harvest. In
the strip clearcutting system, the harvest pattern is defined spatially within each harvest
area. Alternating strips of residual unharvested and clearcut harvested strips are
applied to the harvest areas. In the clearcut strips all economically merchantable trees
are harvested. A modification on this theme is block cutting where the harvest zone is

broken into clearcut and leave blocks.

The seed tree system resembles the clearcutting system as all merchantable trees are
removed except for a small number of trees which are left as a seed source. The intent

is to establish an even-aged stand, as with clearcut harvesting.

Multi-pass harvesting includes two and three-pass harvesting. Multi-pass harvesting is
usually a combination of other silvicultural systems and therefore not a true silvicultural
system. However, its growing application in even-aged forests has increased the use
of the term, hence its listing here as a silvicultural system. In this study, at least one of
the cuts must include a regeneration cut. This should not be confused with the block

clearcutting system used in western Canada, which is also called two-pass harvesting.

The shelterwood system consists of any regeneration cutting in a more or less regular
and mature crop, designed to establish a new crop under the protection of the original
stand, or where the resulting crop will be more or less regular. This application can be

spatially applied in a uniform, irregular or strip manner.

The selection harvest should not be confused with the selective harvest. The selection

system is defined as a method of regenerating a forest stand and maintaining an



uneven-aged structure by removing some trees in all size classes either singly or in
small groups or strips (Canadian Forest Service 1995). A selective harvest is used to

remove trees from only certain species, quality and/or size class (i.e. high-grading).

Different silvicultural systems can be combined in a single application which reduces
the distinction between them. In this situation, there are no well-defined lines where

one system ends and another begins.

Other than strip clearcutting, there is little experience with the application of alternative
silvicultural systems in northwestern Ontario’s boreal forest (Wedeles et al. 1995).
Therefore, potential impacts of alternative silvicultural systems must be derived from a
combination of the limited local data with results achieved in other areas. Potential
prescriptions for alternative silvicultural systems in Ontario’s boreal forest can be
developed from prescriptions of similar techniques to similar ecosystems, tempered

with assumptions from local experience.

Thinning, both commercial and non-commercial, is a silvicultural technique or
treatment. It is not in itself a silvicultural system because it does not establish
regeneration. Instead, it recovers wood volume that would be lost through tree
mortality from self-thinning and often improves the value of the remaining trees by
altering stand structure and increasing diameter growth. For the purposes of this
study, only silvicultural treatments establishing regeneration are considered. For this

reason thinning has not been included in this study.



2.1.1 Stand-level Application of Silviculture Systems

There are many differences between the application of alternative and clearcut
silvicultural systems at the stand-level. These differences include both the criteria
under which they can be applied and the effect on the developing stand after their

application.

There is a difference in the range of stand conditions to which silvicultural systems can
be successfully applied. In northwestern Ontario’s boreal forest, regeneration is
possible on almost any clearcut site (Hearnden et al. 1993). Therefore, clearcut
systems can be successfully applied to almost any stand condition while alternative
silvicultural systems have greater limitations to the range of biophysical conditions

under which they can be successfully applied (Wedeles et al. 1995).

Clearcutting followed by artificial regeneration is an equaliser of sites. The crop to be
established does not depend upon the previous stand composition. Foliowing
clearcutting, the decisions on the future stand’s composition are mainly economic or
policy related. By contrast, stand compositions that can be produced from the
application of alternative silvicultural systems depend heavily upon the existing stand
structure. In northwestern Ontario, modifying the harvesting system will not produce a
spruce stand from a pure poplar stand in any realistic time frame. Some form of

artificial regeneration is required.

Alternative silvicultural systems require a greater knowledge of stand conditions for
successful application than does clearcutting. Foresters in Ontario use the Forest

Resources Inventory (FRI) as the standard forest management inventory (OMNR 1986,



1995). The information in the inventory is that which can be derived from aerial
photography. Forest floor and substrata information is only available when collected by
a supplemental ground survey. This means that for Ontario, the information required

for accurate and correct prescriptions of alternative silvicultural systems is limited.

Foresters have traditionally supported the concept that maximum yield is produced in
the boreal forest from even-aged management (Smith 1986; Davis and Johnson 1987).
In the boreal forest, foresters have assumed that alternative silvicultural systems will
produce a lower yield from regeneration lag, inferior stocking, reduced growth from
shading and the establishment of lower-yield species (Smith 1986; Davis and Johnson
1987; Koven and Martel 1994). This assumption has never been tested in a rigorous

manner in Ontario.

Using the Prognosis stand growth simulator (Wykoff et al. 1982), Haight and
Monserud’s (1990) study in mixed-conifer stands in the US Northern Rocky Mountains
showed that the use of alternative silvicultural systems to produce an uneven-aged
stand could increase yield and economic efficiency compared to even-aged stands.
They concluded that converting a white pine plantation to a naturally regenerated,
mixed-conifer stand using shelterwood harvests produced a slightly higher yield than a
series of plantations. They also concluded that their uneven-aged shelterwood system
could be just as efficient as plantation management as long as the stand is initially well

stocked and adequate natural regeneration is available.



Haight and Monserud (1990) accomplished these gains by changing the species
composition and encouraging natural regeneration. They further noted that species

composition and initial stand structure is important.

The natural species required to conduct uneven-aged management in northwestern
Ontario (i.e. shade-tolerant species) will likely not show the same increase in yields as
the species used by Haight and Monserud (1990) in the US Northern Rock Mountains.
When natural regeneration is encouraged in a shelterwood system on many sites in
northwestern Ontario, a mixture of balsam fir and white and black spruce will develop.
These species compositions will increase the chance of spruce budworm infestations
resulting in yield losses and mortality. This concern is strong enough that some
management plans in northwestern Ontario (e.g., Canadian Pacific Forest Products
1991) call for a reduction in the balsam fir component through an aggressive stand

conversion program.

One of the reasons Haight and Monserud (1990) achieved economic gains is the
reduction in forest management costs through a reduction in regeneration costs. This
reduction in regeneration costs and perceived benefits of “natural regeneration” is one
of the reasons the Ontario Ministry of Natural Resources (OMNR) is starting to increase
the use of alternative silvicultural systems (OMNR 1993b; Koven and Martel 1994).
What is not clear is the degree to which potential savings in regeneration costs might

be offset by the higher harvesting costs.



2.2 Forest Management

There are important differences between the management of forests and of forest
stands. Within a forest stand is a community of trees possessing sufficient uniformity
in composition, age, arrangement or condition to make it distinguishable from adjacent
forest or non-forest areas, thus forming a silvicultural or management entity (Davis and
Johnson 1987; Canadian Forest Service 1995). In Ontario’s boreal forests, stands are
usually greater than 8 hectares and less than 200 hectares in size. By contrast, a
forest is a large tract of predominantly forested land managed under a single
administrative control (Canadian Forest Service 1995). It is made up of forest stands,
often tens of thousands in the boreal forest, as well as other non-forested areas such

as water, grasslands and wetlands (Canadian Forest Service 1995).

Forest-level management encompasses a wider range of objectives and a broader
spatial scale than stand-level management. As a result, management objectives can
be complex and often conflict. A large part of forest management entails resolving
these conflicts (Ontario Forest Policy Panel 1993; Koven and Martel 1994; OMNR

1995).

In Ontario, the Crown Forest Sustainability Act (Legislative Assembly of Ontario 1994)
requires that Crown forests be managed to meet the social, economic and
environmental needs of present and future generations. This is accomplished in part
by setting sustainable forest-level objectives (OMNR 1995). Sustainable forest-level
objectives specify the even-flow or maintenance of consumptive goods (e.g. timber)
and non-consumptive goods and services, (e.g. recreation, future forest structure) over

a long-term planning period (OMNR 1995). Quantitative targets are then determined



for the forest-level objectives. The chosen target levels are influenced in part by
economic demand, productive capacity of the land, public perception and forest
structure. It is the impact of alternative silvicultural systems upon the harvest target

level that is the objective of this study.

Stand-ievel objectives are often developed for individual stands in isolation of other
stands. Stand-level silviculture deals with how to produce the desired goods and
services at the least possible cost from an individual stand. In Ontario, goals for a
stand are often expressed in terms of the stand age at harvest (referred to as rotation
or harvest interval) and any subsequent regeneration activities that will maximise the

value from the stand.

Silvicultural treatments, and the auditing of their success or failure, are usually
developed and prescribed at the stand level (Hearnden et al. 1993). For forest
management in Ontario, permissible silvicultural treatments (referred to as silvicultural
ground rules) are identified in each forest management plan (OMNR 1995).
Silvicultural ground rules describe the range of treatments to be applied to groups of
similar stand types and the resulting stand structure. These prescriptions are based
upon stand-level biological growth criteria and economic demand. As a result,
silvicultural ground rules consider the biological capacity of the site mostly in reference

to producing timber (Koven and Martel 1994).

At the stand-level, the fibre-maximizing harvest age is the stand age where the current
annual increment (CAl) equals the mean annual increment (MAI) (Smith 1986; Davis

and Johnson 1987). However, at the forest-level, objectives such as even-flow will



usually require deviations from the optimum harvest age. As a result, it is necessary
either to alter the age at which some of the stands are harvested and perhaps, to
engage in non-optimal silvicultural treatments, or to relax the forest-level objectives.
This clearly shows the forest manager’s dilemma - which objectives should be relaxed
and which sub-optimal treatments should be applied to produce the best possible
combination of activities resulting in the most desirable outcome for the whole forest?
A desirable solution cannot be determined until the forest manager can predict the
outcome of different management regimes upon the whole forest (Baskerville 1986;
Willcocks et al. 1990). Forest-level models were developed specifically as a decision

support tool to aid the forest manager in solving this dilemma (Moore et al. 1994).

2.3 Forest Planning Models

Testing forest management alternatives with forest planning models is gaining wider
acceptance. The Forest Management Planning Manual for Ontario’s Forests (ONMR
1995) requires the use of a forest-level planning model in the planning process.
Furthermore, the manual stipulates that the model must be used in an adaptive
management framework to predict the outcome of a range of management alternatives.
These legislative requirements move forest planning models from theory to practical

application.

Forestry computer models can be classified in many ways. One way they can be
classified is by either intended use or method of operation. For example, forest-level
models are those that operate and predict results for a whole forest. Stand-level

models operate and produce results for individual stands.



Models can also be classified by the temporal period involved as either strategic or
operational planning models. Strategic models such as HSG (Moore and Lockwood
1990), FORMAN+1 (Timberline Forestry Consultants 1995), SFMM (Davis 1994) and
FORPLAN (Schuster et al. 1993) are used for long-term planning. By comparison,
operational models such as Logplan Il (Newham 1991) and SNAP 1l (Sessions and
Sessions 1992) provide a plan for a combination of operation activities such as

harvesting, hauling and regeneration for periods of less than 5 years.

The forest planning models considered for use in this study were: FORMAN (Wang et
al. 1987) or one of its derivatives such as FORMAN+1, Ontario’s Strategic Forest

Management Model (SFMM) and HSG (Moore ef al. 1994).

A common simulation based forest planning model used in Ontario is FORMAN+1
(Timberline Forestry Consultants 1995). It is a non-spatial, sequential forest inventory
projection model, operating with aggregated forest classes derived from a forest
inventory. FORMAN+1 is an updated version of its predecessors, viz., FORMAN
(Wang et al.. 1987) and OWSFOP (Hall 1977; 1978). The version available in 1994
was limited to a maximum of twenty, five-year iterations, resulting in a maximum
simulation length of 100 years. FORMAN+1 does, however, permit a form of multi-
pass harvesting. This is accomplished by subtracting the difference between the
existing yield curve and the new specified yield curve. Partial harvesting is also
supported but limited to a default of thirty percent removal of existing volume.
FORMAN+1 is equipped with a wide selection of forest class priority rules for both

harvest and silviculture assignment. Economic priority rules exist for the allocation of



forest classes for harvest, using a cost-to-roadside curve, and the allocation of

silvicultural treatments by treatment cost and yield.

The Strategic Forest Management Model (SFMM) (Davis 1994) is a forest-level, linear
programming model developed by the OMNR to replace the Maximum Allowable
Depletion (MAD) spreadsheet model. Like FORMAN+1, SFMM is a non-spatial model
utilising an aggregated forest strata structure to describe the forest. SFMM is a
optimisation model, running in a PC environment (Windows 3.1), using the AIMS
software package to solve the objective function (Davis 1994, pers. comm., October
1994). SFMM develops the forest management activities and user-specified outcomes,
or future forest condition, into an equation and a set of constraints. It then solves these
equations by determining the optimal solution, if one exists, and reports the results.

For use in this study, SFMM'’s primary problems are its lack of spatial detail, higher cost
resulting in greater RAM requirements and the cost of the AIMS software. In addition,

SFMM was still undergoing development and testing as of the fall/winter of 1994.

2.4 HSG Version 2.0: Overview

The HSG forest modelling system was the forest planning model chosen for this study
because of its spatially referenced capacity, readily available source code, and
operating environment. In addition, HSG tracks the individual species components for
each stand which could be manipulated to simulate the application of alternative
silvicultural systems. The HSG forest modelling system is the PC (DOS) version of the
UNIX based Harvest Schedule Generator (HSG) (Moore and Lockwood 1990; Moore et

al. 1994).



HSG is a forest inventory projection simulation model that maintains each and every
forest stand’s unique identity, and thus its area, throughout the simulation (Moore and
Lockwood 1990). This tracking of each individual forest stand through time separates
HSG from the aggregated forest-class models, (such as FORMAN+1 and SFMM).
Since the stand boundary remains fixed throughout the simulation, the results can be
linked to a Geographic Information System (GIS) to produce maps. There is no real-
time interactive computer linkage between the GIS software and HSG (each operates
completely independently), but files produced from one program can be used by the

other.

The HSG forest modelling system is linked and packaged with components of the
IDRISI GIS software (Eastman 1992a, 1992b). IDRISI was designed as a low-cost
system for use on PC’s. It is a raster-based system with fewer demands upon
computer resources and is thus well suited to PC’s. (A raster-based system uses a
grid made up of individual cells to represent the image compared to a vector-based
system which is made up of vectors and points.) IDRISI’s primary purpose in the HSG
package is the display of results (only the display module is included with HSG; the
complete set of IDRISI utilities must be purchased separately). IDRISI can be used to
construct some of the data sets used by HSG. However, the manipulation of spatial
information is usually better accomplished with a full-function GIS such as ARC/INFO

(Environmental Systems Research Institute 1994).

HSG’s basic method of operation is demonstrated in Figure 2.4a. The existing forest
inventory is converted into HSG format and loaded into the model. The STEP

command updates the inventory using the state table and yield curves. Harvesting is



scheduled and applied to selected stands using the eligibility constraints, mandatory
harvest list and harvest priority rules. Regeneration activities are scheduled and
applied to selected stands using the treatment priority list. The simulation continues
until the last STEP command is executed. New updated forest inventories can be
produced at any period. In addition, the schedule and summary files containing the
simulation results can be produced. These data base files allow for detailed analysis of

both forest conditions and management activities.

INPUTS OPERATIONS OUTPUTS
Forest Inventory —————%( BEGIN ]
A
STEP Command ———3{ STEP Ahead in Time Je—

Yield Curves A .
State Table Apply Stand Dynamics )|

A
[ Update Landbase

Updated Inventory
'—% .
Summary File

Eligibility Constraints Schedule File

Mandatory Harvest | {"chedule and Apply Harvesting  }—1—> :
Harvest Priority Rules PPy - Summary File

Schedule File

Treatment Priori ' -
reatment Friorty ——9( Schedule and Apply Regeneration }———9 Summary File

Regeneration
Treatment Cost File

{ Any More STEPs? )
No 4 Yes
( Quit ]

Figure 2.4a Flow chart of HSG operations, inputs and outputs.




Like FORMAN and SFMM, HSG projects the forest through time by using time-
dependent yield curves. These curves describe the development of stand volume over
a prescribed time period. Unlike aggregate models, HSG uses pure-species yield
curves, which describe the development for a single species on a single site. Stand
volume is calculated as the sum of the total individual species volumes present within

the stand (Figure 2.4b).

HSG Yield Curve

Volume (m3/ha)

Age

El Stand

CE SbJ

Figure 2.4b Typical HSG yield curve format showing the relationship between two
individual species components (Pj = jack pine, Sb = black spruce) and
total stand yield.

The forest inventory used by HSG is a modified FRI stand listing where each record

represents a forest stand. In an HSG inventory, each record comprises a maximum of

five species, each with its own site code, age, stocking, and volume. In addition, fields

are included for the stand working group (species, site code, and age class), total

volume and area (Figure 2.4c).
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<Code> <Site> <Age> <Stocking> <Volume>
PJ 1 67 0.46 106.4

Figure 2.4c  Format and example of the individual species information present for
each stand in a HSG inventory file.
The individual species volume present in a stand is calculated by looking up the
species site/code volume from the appropriate yield curve, at the desired age, then
multiplying this result by the species’ stocking in the inventory to produce a scaled
volume from the normal, pure-species 100% stocked yield curve. The underlying
assumption is that species stocking is directly related to volume, and that this
relationship holds true for all species and stocking combinations. HSG uses the
species composition and stocking within a stand to determine stand volume, but it is

also used to describe a biological stand condition.

Due to the detailed information contained within the inventory file, HSG is well suited to
model alternative silvicultural systems: such as selection, seed tree, multi-pass, and
shelterwood. The results of these systems’ activities upon the stand’s biophysical
structure can be represented by changes in the stand’s components listed within the
inventory. Aggregate models do not contain, to the same degree, this information on
an individual stand’s species components and are thus unable to track the change in

species composition that result from alternative silvicultural activities.

HSG controls changes in stand composition through a file referred to as a state table.
This table applies changes in stand composition (species, site class, age and stocking)
resulting from natural succession and management (harvest and regeneration)
activities. The state table does not contain a mechanism to account for random natural

events such as fire or insect infestations. Proper construction of this table is a key



factor when using HSG. The state table operates by matching and then replacing the
existing stand components with user-defined new stand components. This mechanism
requires that assumptions regarding changes in stand structure are explicitly described
in the state table. The user must be able to state explicitly the resulting stand structure
taking into account the effect from all the possible site, age and species combinations
that could occur within this stand. Some of the factors to be considered are: what are
the effects of different levels of overall stand stocking on future stand composition;
would a 50% stocked stand result in the same future composition as a fully-stocked
stand? The possible combinations of future stand structures are too numerous to
describe individually in the state table and as a result only a few general stand
structures are typically described. Results produced with HSG, which contain detailed
descriptive stand information, can produce a false level of detail when only a few

working groups are actually described in the state table.

The information in the inventory is used not only to calculate yields from the forest, but
also to describe the forest’s structure in biological terms. There is real danger in over-
simplification and misuse of the state table, For example, while reducing stocking by
half may produce the correct volume results for a 50% strip-cut application, the
resulting physical structure of the stand is poorly described by a 50% stocking
reduction of the original stand. A 50% strip cut would actually result in the creation of
two new stands. One new stand would have the same conditions as the original stand,
but only half the area, while the other new stand would be a clearcut stand. Use of a
descriptive inventory resulting from an improperly constructed stafe table that poorly
describes the physical stand structure in a case where stocking is a critical factor (such

as with a wildlife modelling exercise) may produce erroneous resulits.



In modelling exercises where clearcut harvesting is used exclusively, along with a high
harvest level intended to regulate the forest, stand break-up has little impact because
most stands are harvested before natural break-up takes place. When dealing with
alternative silvicultural systems, however, the processes of succession and break-up
become more important because these systems manipulate the natural process of
stand development and succession to obtain a desired result. If the break-up and
succession processes are not understood, and therefore not explicitly described,
confidence in the results is weakened. Attempts should be made to describe these
processes even in the absence of data because, as Ward Thomas (1979) has written:
“To say we don’t know enough is to take refugee behind a half-truth and ignore the fact

that decisions will be made regardless of the amount of information available.”

The main HSG command used to control HSG operations is the STEP command. This
command controls the number of years in the iteration, ages the forest, sets the
harvest targets, describes the rules to ranks stands for harvest, and sets the harvest

method (Figure 2.4d).



Age Forest | Start STEP

A\ 4

Rank Stands )
According to je=—=YES
Harvest Rule -l
J
[More Harvest‘ NO
1§ Rules? ]
- ore)
> Harvest Targets YESJ Rank Stands

for

\. J Regeneration

Met?

NO

Harvest
Stand

1

‘ Regen Targets
Met?

NO
Apply
Regeneration

Figure 2.4d. General flow of HSG STEP function with multiple harvest rules to
prioritise stands for harvest regeneration application.
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End STEP

Each STEP command establishes a global harvest target for the entire user-defined
period. Any number of harvest rules, each with its own sub-target, can be used to
control the harvest. The capacity of muitiple harvest rules, each with its own harvest
target and prioritisation method, is a useful feature when different harvesting methods

are employed at the same time.

The model operates by first aging the forest. A base list of eligible stands is created by

checking the forest stands against the user-defined global minimum stand volume



operability limit (OPMIN). The OPMIN command is a constant applied throughout the
simulation, used to set the minimum volume of all species that must be present in a
stand to be economically operable (typically stands less than 40-50 m®ha are never

harvested).

The first harvest rule in the STEP command is applied. A list of eligible stands is
generated from the base list and ranked for harvest according to the harvest criteria of
the current harvest rule. Individual stands are harvested until either the current harvest
rule’s target or the global target is satisfied, or there are no more eligible stands to

harvest.

If the global harvest target is not satisfied by the first rule, the model continues
harvesting according to the instructions in the second harvest rule. This process
continues until either the global harvest target is met, there are no more harvest rules,

or the list of eligible stands is exhausted.

As shown in Figure 2.4d, HSG splits the application of harvesting and regeneration
treatments into two distinct functions within each step. First, all of the harvesting for
the step is completed. The list of harvested stands is then ranked for regeneration
treatments. These treatments are applied until the silvicultural treatment target is
satisfied or the list of stands is exhausted. Separation of harvest and regeneration
functions allows the ranking for regeneration treatments of the entire list of harvested
stands for each STEP command. This permits regeneration treatments to be applied

to best meet the regeneration goals. Unfortunately, when using this process the



regeneration treatment is unknown when harvesting is conducted, so the potential

effects of the regeneration treatment cannot be taken into account when harvesting.

HSG 2.0 was designed for biological scheduling but lacked the economic dimension
required for this study. The following sections provide a background in economic

theory in the context of harvest scheduling and forest management planning.

2.5 Forest Economic Theory
The competitive globalization of the world's economies, government fiscal restraint and
changing public perceptions have forced change upon the management of Ontario’s
forests. As a result, the level of attention paid to economics, business principles and
requests for economically based information is increasing. In the preface to his book,
Nautiyal (1988) wrote:

It must be conceded, however, that what most of these people [foresters

and forest managers] seem to mean by knowledge of economics is,

more correctly, a familiarity with business principles or financial analysis.

It is rarely realised that economics does not merely mean dealing with

dollars and cents but confronting larger issues of private and public

choice involving human behaviour.
This statement contains two important but often misunderstood principles for forest
management. First, economics is often confused with financial analysis and
accounting; secondly, forest economics is a social science. It deals with the allocation
of limited resources according to society’s values expressed through human behaviour.
As will be shown in the following pages, applying some economic principles to derive

information for use in forest management is not difficult and it provides a framework to

incorporate important information that until recently has been largely ignored.



In forest management, many of the management constraints, although expressed in
biological terms, are economic, not biological. In Ontario, although annual silviculture
level restrictions have been expressed in area, the constraining factor is usually
available funds, not area. In addition, for variables that appear to be restricted by only

biological factors, it is often an economic restraint which is actually the limiting factor.

For example, stand volume can be expressed as total gross volume or net
merchantable volume. Total gross volume is not a useful measurement when
considering forest products. Net merchantable volume, which is the appropriate
measurement, is a function of gross volume and represents the amount of wood that
can be economically recovered from the stand. Therefore, recovered volume depends
upon an economic utilisation standard, which is a function of harvest systems, end use

and demand.

Many different types of variables must be considered in forest management planning.
The Annual Allowable Cut (AAC) is limited by biological variables (e.g. growth rate,
species diversity, species requirements), economic variables (e.g. distance, road
development, product requirements), physical variables (e.g. terrain, weather), and
political variables (other uses, public perceptions, level of impacts, existing laws and
regulations). In addition, many of these variables are affected by temporal and spatial
dimensions. Incorporating all of these variables simuitaneous into forest management
is a daunting task. One impediment to utilising all of these variables is the type of
measurement units associated with each. Standardising the expression of these

variables into economic terms is one method of approaching this problem (Lockwood



1995). Although only a few of the many potential variables have been chosen for this

study, the procedure could be expanded to include others.

The economic wood supply is that portion of the timber supply that is both physically
suitable for commercial use and profitable to harvest (Nautiyal 1988). Some authors
view the economic wood supply as a stock of timber (Williams 1994) but in this study it
will be considered as a periodic flow of wood over an extended period of time. To
understand how the economic wood supply is determined and how economic principles
are used to prioritise forest management activities, some definitions and economic

theory are discussed in the following sections.

2.5.1 Timber Valuation

The value of timber is often referred to as “stumpage” (Nautiyal 1988; Duerr 1993).
This term is confusing because it has many different meanings. In an internal OMNR
report on stumpage in Ontario (OMNR 1993a), “stumpage price” is defined, in broad
terms, as the price per unit volume of harvested timber, and “stumpage value” the
value of harvested timber (i.e., volume multiplied by stumpage price). Duerr (1993)
defines “stumpage” as standing timber destined soon for harvest, and its value is
derived from the value of the serviceable goods that will be made from the harvest.
Nautiyal (1988) defines “stumpage” as the volume of standing timber and defines
“stumpage value” as the price of timber standing on the stump. The term and definition
used throughout this thesis is that supported by forest economists; “stumpage value” is

defined as the value of timber standing on the stump (Nautiyal 1988).



Determining the stumpage value can be difficult. Stumpage value can be appraised by
either prospective buyers or sellers. The result is that different values can be derived
for the same timber depending upon the accounting stance of the appraiser (Duerr
1993). In competitive markets, stumpage value is estimated by what the highest bidder
will pay. In imperfect (non-competitive) markets, such as is the case in northern
Ontario, stumpage value can be determined using the residual timber value (RTV)
technique (Nautiyal 1980; Nautiyal et al. 1995). This method, also known as the

Rothery reduction technique, is determined by:

RTV = finished product price - all processing costs [1]

where the finished product price is the sum of the selling price of the optimum finished
product mix produced from the timber, and processing costs are the sum of all costs
incurred to produce that product mix, including investor return (profit), allowances for

risk, manufacturing costs, taxes, transportation and harvest costs.

In Ontario, where the government controls Crown land and there is imperfect
competition, RTV’s can only be estimated in a manner similar to that used by Nautiyal

et al. (1995). Nautiyal’'s approach is followed for this thesis.

In Ontario, RTV can be taxed by the Crown in the form of stumpage dues under the
Crown Forest Sustainability Act of 1994 or retained by the industry as economic profit.
A decision on how the RTV should be allocated as either tax, value to landowners, or

profit to the conversion industries is beyond the scope of this thesis. However, the



concept is useful as it represents either potential profit or tax revenue depending upon

the accounting stance.

A rational forest manager seeking profit would only harvest timber from stands which
are profitable to harvest; in other words, timber that has a positive RTV. Since RTV is
a function of revenues and expenses, its value changes with different stand
characteristics, distances to market and market prices. Determining the value of these

components is therefore, of interest to the forest manager.

Greater value is derived in the ability to predict a stand’s RTV under different
management alternatives. With this information, the respective costs and benefits from
a number of management alternatives can be judged by comparing the RTV'’s
produced from each management alternative. This permits rational decision-making
based upon predicted quantitative results derived from computer simulation instead of
qualitative judgements. Not only can alternatives be compared to each other, but
established numerical targets can be compared against actual results (Lee 1993). This
information is useful not only to buyers and sellers of timber, but to managers of other

forest resources.

2.5.2 Present Net Value

Discounting is applied in Present Net Value (PNV) calculations, sometimes referred to
as Present Net Worth (PNW). The PNV calculation provides a mechanism to compare
streams of revenues and expenses over time periods of varying length. This is
accomplished by discounting the revenues and expenses back to a common date. The

comparison of different time periods is important to this study.



Discount rate measures can be either real or nominal. The nominal discount rate is the
rate charged by banks. The real discount rate is the nominal rate less the inflation rate.
The real discount rate is often lower than perceived due to inflation. Nautiyal (1988)

calculated Canada’s real discount rate for the twenty-five year period 1961-1985 as just

less than 3 percent.

2.5.3 Marginal and Average Costs

The distinction between the concepts of marginal and average costs is central to
economic theory. Average cost is determined by total cost divided by quantity
produced. Each unit of quantity produced has an equal average cost. Marginal cost is
the cost to produce the last unit of output (Nautiyal 1988). Marginal cost varies with
each unit produced unless there are constant returns to scale. Marginal and average
production rates are well known to foresters in the form of annual tree growth
increments. Knowledge of a tree’s Mean (average) Annual Increment (MAI) is useful
when analysing growth. Useful, too, is the tree’s Current (marginal) Annual Increment
(CAI) which is the growth of the last increment. Most useful, though, is the combination
of both values, with the optimum volume-based rotation age occurring when the MAI
equals the CAl (Smith 1986). The same concept holds true in economics. Optimal
economic production is found when average production cost equals marginal
production cost. This concept is used in the development of the opportunity cost of

harvest delay scheduling methods (Armstrong et al. 1992).



2.5.4 Opportunity Cost

Opportunity cost is defined as the value of the highest foregone alternative (West and
Miller 1978). Duerr (1960) identified three different types of opportunity costs in forest
management. Type (a) opportunity cost is the cost of waiting out the rotation or the
cost incurred by not harvesting the current crop now. This cost is simply the interest
cost of the current crop less the value added during the same time period. Type (b)
opportunity cost is the cost of postponing the yields from subsequent rotations. This
cost can also be thought of as the cost of holding land. Since land usually has other
uses, there is an opportunity cost of using the land for timber production unless it is the
optimum land use. Even if there is no other land use, the opportunity cost is not zero.
There is always the opportunity to harvest the existing crop and using the land to start a
new crop. The type (b) opportunity cost can also be thought of as the indirect cost of
waiting not just one rotation, but all the subsequent rotations before a new crop is
begun (Nautiyal 1988). Therefore, it can be viewed as the cost of delaying future
rotations and is calculated by multiplying the interest rate by the present net worth of
the stand. Type (c) opportunity cost is the cost of regulating the timber growing stock
in such a fashion that yields can be harvested annually (Duerr 1960). Put another way,
this cost arises from the cost of waiting to harvest stands in order to even out the flow

of timber.

2.5.5 Soil Expectation Value

Much of forest economic theory is based upon the work of Martin Faustmann. He
developed a formula designed to calculate the present value of bare forest land, from
which an infinite series of harvests are expected (Pearse 1967). This value is often

referred to as the land or Soil Expectation Value (SEV). The SEV (equation [2]) can



also be thought of as the Present Net Worth (PNW) of bare iand which will receive an

infinite series of silviculture treatments producing forest products (Nautiyal 1988).

H(t)e™ —S

F(t) =
(t) e 2]

Where:
F(t) = the SEV (in $/ha)
H(t) = a function of the value of timber at time (t), (in $/ha)
t= time (years)
= discount rate (decimal)
=  the PNV of the total silvicultural costs including regeneration and all tending
costs (in $/ha)
e=  ~2.7182 (base of the natural logarithm)

Equation [2] requires a function (H) of the value of timber at rotation (t). For any given
rotation period (t), the function for the value of timber can be substituted for the RTV at

that time. Making this substitution and rearranging equation [2] produces equation [3].

V(t) x [P(t) — C(t) - M(t)]- S x NE0)
e[rx(t)] 1 [3]

F(t) =

Where:

F(t): SEV of a single hectare stand at time (t) with treatment S (in $/ha)

(t) : the expected harvest age of the stand with regeneration treatment S (in years)
V(t): stand volume at time (t) (in m>/ha)

P(t) : value of the stand’s products at time () (in $/m>)

C(t): cost of harvesting the stand’s products to roadside at time (t) (in $/m>)

M(t): total transportation cost of stand’s products to mill (in $/m3)

S: present value of all regeneration costs for the stand (in $/ha)

e: ~2.71828 (base of the natural logarithm)

r: discount rate expressed as a decimal



The SEV result pertains only to the silvicultural regime and rotation age (t) specified.
Thus, equation [3] will produce an optimum SEV only when the optimum rotation age
(t*) and the optimum silvicultural regime are used. This permits an economic stand-
level comparison between different silvicultural treatments. [f there are no other
constraints, the profit-maximising manager would choose the treatment with the
greatest SEV. In contrast, if the SEV is negative, the manager would choose not to

grow a forest crop (based solely on economic principles).

2.6 Applying Economic Theory to Forest Planning Models

Commercially available forest-level models have permitted financial analysis in their
allocation of forest resources. FORMAN 2.1 (Wang et al. 1978) selects forest classes
for harvest based upon cost to roadside. Economic studies using derivatives of this
model (Willcocks ef al. 1990; Williams 1990b) use economic principles such as present
net worth and benefit cost analysis to select among alternative management strategies.
However, in these studies, stand volume was used to schedule the treatments. An
economic analysis of the treatment schedules was used to rank the management
strategies. The result is an economic analysis of volume-based forest management
decisions. The assumptions used in this process is that decisions based upon volume
parameters are the “best” decisions, economic or otherwise, or that there is no

significant difference between economic or volume-based scheduling.

In studies to determine the value of timber in northern Ontario (OMNR 1993c; Nautiyal
et al. 1995) it was found that distance and piece size were the primary variables for
determining timber value. An economic analysis should contain at least these

variables. Models have been developed that contain some of these variables (Ilverson



and Alston 1986; Zundel 1993; Lockwood 1995). However, these models are often
difficult to apply to other cases, or not technically supported and thus not widely used

(Lougheed 1988; Koven and Martel 1994; Rouck and Nelson 1995).

Forest management involves both the selection of activities and the timing of their
application over extended periods of time. In many cases, in order to maximise forest-
level returns, stand-level treatments must be applied that appear inefficient when using
stand-level criteria. The forest manager must decide which inefficient treatments will
be applied to which stands and when in order to meet the forest-level objectives (e.g.
even-flow, adjacency, minimum cover types, other uses). Stand-level economic
models cannot provide the optimum forest-level treatment since they fail to consider the
forest-level implications. However, stand-level projections of management options can
be used within a forest planning model to predict how individual stands will respond to

different treatments.

Economic principles such as opportunity cost can be used to set priorities on stands for
harvest (Armstrong et al. 1992; Lockwood 1995). Opportunity cost allows for a greater
range of inputs such as haul cost and product values to be included in the scheduling
rule, when compared to strictly volume-based harvest rules. The difference between
stand-level and forest-level applications is that, at the forest level, harvesting would not
necessarily take place at the optimum stand-level rotation age. Instead, stands would
be ranked according to their opportunity cost and the number of stands treated would
be determined according to forest-level constraints. Opportunity cost is a useful
measure for forest management planning because it can provide the cost of delaying

an activity at each time period. This ability to predict the opportunity costs of delay until



the next period at each iteration makes opportunity cost useful in simulations which

operate with distinct time periods.

Soil expectation value is another method that can be used to set priorities to stands for
silvicultural treatments. Calculating SEV will permit the forest manager to determine
the relative return of a number of treatment alternatives and stand conditions, thus
providing a means to rank and select among silvicultural treatments. Like opportunity

cost, SEV brings a greater range of inputs into the selection of silvicultural treatments.

2.6.1 Potential Harvest Priority Methods

Forest-level simulation models that apply treatments to individual units (e.g. FORMAN,
HSG) use harvest priority rules which arrange the eligible stands for harvest in a
manner which represents a management strategy or mimics an operational approach.
The operation of these rules is quite simple. First, all the stands eligible for harvest
within a period are determined. A list of stands meeting these requirements, and thus
eligible for harvest, is prepared. Stands in this list are then ranked for harvest
according to the specific priority rule employed. Harvesting begins at the top of the list
and continues until either the harvest volume target is obtained, or the list of stands is
exhausted. In this way, stands that best fit the requirements of the harvest priority rule

(thus the management strategy) are harvested first.



Rule-based control over the harvest pattern is limited to the variables considered by the
harvest priority rule. Volume-based priority rules can only control volume attributes;
similarly, age-based harvest priority rules only consider age. For example, HSG 2.0
has three harvest priority rules:

e Rule_0: harvest oldest stands first;

¢ Rule_1: maximise harvested volume; and

e Rule_2: minimise non-harvested volume loss.

The best rule to use will harvest stands according to the real-world conditions and the

management strategy planned for the forest being modelled.

The choice of harvest priority rule depends upon the objectives of the modelling
exercise and the structure of the forest (Moore et al. 1994). The Present Net Value
and Opportunity Cost priority rules are the only ones which consider the three main
economic factors in determining the value of forest products removed from a stand: the
selling price of the individual products produced in the stand, the cost to produce those
products at roadside, and the cost of transportation (Table 2.6.1). The major problem
with the PNV rule is the large negative values often associated with the boreal forest
(OMNR 1993c; Nautiyal et al. 1995). Under these situations PNV (harvest the most
profitable stands first) would harvest the youngest eligible stands first. Most forest
managers would not want to harvest the youngest stands first. If the PNW is negative,
a profit-maximising forest manager would not harvest any stands. Under the same
conditions, the “opportunity cost of harvest delay” rule would select those stands that
are costing the most not to harvest. Since the loss would be greater, older stands
would be harvested first. In this way, opportunity cost of harvest delay operates in a
manner similar to a rule of minimise non-harvested volume loss, except that economic

variables are used instead of volume variables.



Table 2.6.1. The advantages and disadvantages of several potential harvest priority
ranking rules.
Priority Method Advantages Disadvantages

Volume (m’/ha)

-traditional format

-easy to understand

-no modifications required to run
model

-simple methodology

-only considers volume
-no spatial input into rule

| Harvest Cost
h ($/m’)

-easy to calculate

-works well if harvest costs only are
to be considered

-easy to comprehend

- average harvest costs are available

-value of the products produced from
the stand are not considered

-does not directly consider other
biophysical properties

Present Net Value

-can be used to maximise/ forest value

-often produces values in the negative

]

economic rotation"- fits well with
forest level goals (even-flow)

-selects stands across a wide range of
biological variables similar to current
allocation process in Ontario

(PNV) -permits the addition of economic range
(current forest value) | wvariables in the harvest queue -may select the youngest stands for
(8 or $/m®) harvest in forests with slow growth
rates
Opportunity Cost of -can control the loss/increase in -does not optimise stand or forest
Harvest Delay product value level yields
($/m’ or $/ha) -does not depend upon "optimum -provides an opportunity cost for the

current time period only, not for total
simulation
- difficult to determine

Few forest management planning models applied to the boreal forest account for

opportunity costs associated with management activities. However, Armstrong et al.

(1992) compared two opportunity cost of harvest delay scheduling functions on a study

area in Saskatchewan. One scheduling function expressed the opportunity cost of

harvest delay as a function of stand area, while the other, expressed the opportunity

cost of harvest delay as a function of stand volume. Linear programming formulation

was used to compare the difference in harvest scheduling between the two functions

on the case study forest. Their objective function minimised the net opportunity cost of

delayed harvest by first scheduling those stands which cost the most if the harvest is

delayed.



Most firms in the boreal forest operate under government-imposed harvest constraints
which include policies constraining periodic harvest volume. Armstrong et al.’s (1992)
study is applicable to firms operating under such constraints. The results of their study
showed that when volume-based opportunity cost ranking criteria are used, there is an
economic net gain and that a much wider variety of species associations and site
classes are scheduled for harvest. They concluded that this mix of harvested species
and sites is consistent with the observed behaviour of firms which tend to harvest from

a wide range of species and site associations.

This behaviour of harvesting from a wider range of stand conditions seems to
contradict economic theory which suggests that the best natural resources should be
extracted first (Pearse 1990). This does not mean that the “extract the best first”
principle is inapplicable here. It simply means that the forester's idea of best (high
volume and site index) is inappropriate. In this context, the best timber type is the one

that will reduce the opportunity costs of harvest delay the most (Armstrong et al. 1992).

2.6.2 Developing An Opportunity Cost of Harvest Delay Rule

Harvest scheduling by opportunity cost has been used in forest-level models (e.g.
Armstrong et al. (1992); Clarkson (1993); Lockwood (1995) and Mussell and Fox
(1995)). The concept behind this approach is relatively simple. Consider the case of a
one-hectare forest stand which will be used to produce forest products for the
foreseeable future. A profit-maximising manager will harvest the stand when the cost
of maintaining the stand in a forested state equals the marginal value (loss) of the
products produced from the stand. Thus, the stand will be harvested when the interest

cost of the stand’s current value over the next year (including the value of the land) just



equals the increase in value of the stand’s products for the same time period. The
stand should be harvested when it is still adding volume (and value) at the optimum
point. Following this, if the marginal benefit of delayed harvest is less than the marginal
cost, a stand should be harvested as it is increasing in value at a rate less than the cost
to keep it. Similarly, when the marginal benefit of delayed harvest is greater than the
marginal cost, the current crop should be left to increase in value. This provides a

decision rule of when best to harvest a one-hectare forest stand.

How can the opportunity cost of harvest delay be used to determine the allocation and
the timing of stands for harvest at the forest level, where the decision of when to
harvest is complicated by additional forest-level constraints and the best forest-level
decision could be a poor stand-level decision? Opportunity cost scheduling will first
harvest those stands that are loosing the most value (greatest opportunity cost of
harvest delay). Harvest priority setting will continue selecting the stand with the
greatest opportunity cost each time until the harvest targets are reached, not
necessarily when the opportunity cost of harvest equals zero. In this way, opportunity
cost is used to rank the stands for harvest based upon the stand's current condition at

each period in time and the harvest target achieved is a forest-level target.



Following the method suggested by Armstrong et al. (1992), a formula to determine the
opportunity cost of delay in harvesting a stand can be developed. The development of
this formula is based upon the land valuation method of Faustmann, and the optimum

forest rotation model explained by Pearse (1967). The following assumptions pertain:

there are no accessibility, harvest volume, or area constraints;
the optimum silvicultural regime is known;

the firm has secure tenure; and

prices, costs and the discount rate are all known and constant.

Starting with the general SEV equation [2] and given a strictly concave function for bare
land value (where F”’(t)<0 ) the optimal harvest age (t*) can be determined as the age
where the first-order condition for maximisation, (i.e. where F’(t*) = 0) is satisfied.

Thus:

) _
() = HL(e) | HE) 41 “

From equation [4], there is a point where the rate of change in the optimum land value
(F°(t*)) equals the rate in change in the timber value less the interest cost in the value
of timber plus the interest cost of the optimum land value. This occurs at a point where
the rate in change in the optimum land value equals 0. Therefore, setting F’(t*) equal

to 0, produces equation [5]:

. H(t*)e™-S
0=H' ()~ tH(t) +1—=—~— 5

which can be rewritten as:



H'(t%) — r[H(t*) + F(t*)] = 0 [6]

Recall that the optimal harvest age is the age where the marginal value growth is just
offset by the interest costs incurred by not liquidating the existing forest inventory and
starting a new timber stand. The decision rule is then to choose t* (the optimum

rotation age) such that:
H'(t*) = r[H(t*) + F(t*)] 7]
The opportunity cost of delay in the harvest of a hectare of forest land (D.(t)) is:

D, (t) = rH(t) + rF(t*) - H'(t) [8]

Where rH(t) is the interest cost of holding the forest inventory at any given age (t):
rF(t*) is the interest cost of holding land; and H’(t) is the marginal value growth of the
timber. This is the opportunity cost calculated at any age (t) not just at the optimum
rotation age (t*). The opportunity cost of delay in harvest per cubic metre (m®) of

timber from the same hectare Dy(t) is:

rH(t) + fF(t*) - H'(t)
V(t) Bl

Dv(t) =



3 MATERIALS AND METHODS

HSG (Moore and Lockwood 1990) was the forest planning model chosen for this study.
Modifications were made to the model to incorporate both partial stand harvesting and
economic criteria. Data sets were prepared for both a test case forest (Seine River
Forest) and a set of theoretical forests. Scenarios were developed that represented
either the traditional 1980's FMA sustained-yield management philosophy of
clearcutting followed by artificial regeneration, or a management philosophy of partial

harvesting and natural regeneration which utilised alternative silvicultural systems.

3.1.1 Case Study Area: The Seine River Forest

The Seine River Forest (SRF) is located approximately 200 kilometres north-west of
Thunder Bay and 100 kilometres east of Fort Frances, Ontario. This forest is Crown
land managed by Stone Consolidated under a Forest Resource License (Legislative
Assembly of Ontario 1994). The forest falls within the Great Lakes-St. Lawrence
Forest Region (Rowe 1972) but is largely within the transition zone between the boreal

and Great Lakes-St. Lawrence forests.

An existing digital FRI of the Seine River Forest (SRF), updated to 1991, was supplied
by Stone Consolidated and converted into HSG format. The spatial inventory used in
this study originated on Stone Consolidated’s ARC/INFO system. The inventory was
converted to a grid format (200 X 200 m cells) required by IDRISI (Eastman 1992b).
This conversion resulted in the loss of almost 1000 of the 8000 polygons in the

inventory; resulting in a loss of less than 4% of area. This reduced forest inventory



consisting of 7093 polygons was the inventory used in the simulations. The polygon
structure is composed of both forest and non-forest types. Like many boreal forests in
Ontario, the distribution of age classes in the SRF is unbalanced. The majority of the

productive forest area falls in the 60-t0-90 year range (Figure 3.1.1a).

SRF 1995 Initial Inventory: Age-Class Distribution
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Figure 3.1.1a. Ten-year age-class distributions of the initial SRF inventory advanced
to 1995 as used for the HSG simulations.

To capture the volume present in the older ages and to produce a forest structure that

will provide a steady stream of forest products in the future, some degree of

accelerated harvest level will be required in the short term. This is a common situation

which most forest simulation models are designed to accommodate.

The growing stock volume in the SRF is composed primarily of three species: jack pine
((Pj) Pinus banksiana L.amb.), black spruce ((Sb) Picea mariana (Mill.) B.S.P.) and
poplar ((Po) Populus tremuloides Michx.) (Figure 3.1.1b). The volume of the six

remaining species make up only a small percentage of the total volume.



SRF 1995 Initial Inventory: Species Volume
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Figure 3.1.1b. Total merchantable growing stock volumes of the species present in the
SREF initial inventory advanced to 1995 as modified for the HSG
simulations’.

Jack pine, black spruce, poplar and white birch ((Bw) Betula papyrifera Marsh.) are
usually associated with fire-dominated stands as they are pioneer species that prefer
open sunlight and rapidly colonise a site following disturbance (Fowells 1965). The
combination of pioneer species and the dominance of the 60-to-90 year age class

defines this forest as a disturbance-driven ecosystem.

3.1.2 Hypothetical Forests

Computer-generated hypothetical forests utilising the SRF polygon structure, consisting
of a limited range of species and site-class combinations, were constructed. Ages
were assigned to create a normal, young and old-age forest. The hypothetical forests

were constructed for two reasons. One was to test and debug model behaviour on a

! Species follow OMNR FRI naming convention: jack pine (Pj), black spruce (Sb), trembling aspen (Po), white
spruce ((Sw) Picea glauca (Moench) Voss), white birch (Bw), balsam fir (B) 4bies balsamea (L.) Mill.), white pine
((Pw) Pinus strobus L.), red pine ((Pr) Pinus resinosa Alt.), white cedar ((Ce) Thuja occidentalis L.), larch ((L) Larix
laricina (Du Roi) K. Koch), black ash ((Ab) Fraxinus nigra Marsh.), soft maple((Ms) Acer rubrum L.).



simple forest structure. Second, based upon previous studies, it was hypothesised that
forest age-class structure would have a large impact on the biological and economic
indicators of a management strategy (Willcocks et al. 1990; Clarkson 1993; Whitmore,

1995). The hypothetical forests were generated to test this hypothesis.

In generating the hypothetical forests, the existing polygon structure (7093 polygons)
remained constant, but the fields for stand date of origin, site class, stand stocking and
species composition were altered for those records containing merchantable forest
stands. The first step was to prepare a list of suitable species compositions
representative of stands in northwestern Ontario’s boreal forest (Appendix l). This
species list was randomly assigned to stands using the random number generator in
FoxPro 2.6 (Microsoft 1993). The range of site classes was reduced from five in the
original SRF inventory, to three (1,2 and 3), and forest stands were assigned randomly
to a class. Stand stocking was changed to fully stocked. (100%) for all stands to further

simplify the forest structure.



Using this resulting forest structure as a constant base, three age-class structures
(normal, young and old age) were prepared to test the impact of changing the initial
age class structure. The normal forest was prepared by assigning ages between 1 and
100 to all forest stands randomly. The young forest was developed by assigning the
same range of ages but the random number generated was squared to create an
exponential distribution. The old forest was prepared by rerunning the young and
subtracting the result from 100. The actual formulae used were:

Normal Distribution: New_org ={ Yr_upd - (100*RAND())]

Young Distribution : New_org = [ Yr_upd - (100*RAND()*2)]

Old Distribution : New_org = [ Yr_upd - (100 - (100*RAND()*2))]

The variation in age-class structure between these forests is slight compared to some

natural forests since there are no empty age classes (Figures 3.1.2a, 3.1.2b, 3.1.2c).

'Normal' Hypothetical Forest: Age-Class Distribution
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Figure 3.1.2a. Ten-year age-class distributions of productive forest area updated to
1995 for the “Normal” hypothetical forest.



'Old’ Hypothetical Forest: Age-Class Distribution

60000
50000
40000
30000
20000 +--
10000 -

04

Area (ha)

10-19
20

0
90-99 |

Age-Class (years)

Figure 3.1.2b. Ten-year age-class distributions of productive forest area updated to
1995 for the “Old” hypothetical forest.

'Young' Hypothetical Forest: Age-Class Distribution
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Figure 3.1.2c. Ten-year age-class distributions of productive forest area updated to
1995 for the “Young” hypothetical forest.
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3.2 HSG Modifications: Version 3.0

Three major changes were made to the HSG source code for this study. First, a
method was developed to permit partial harvesting. Second, a new harvest priority rule
using economic harvest and regeneration parameters was added. Third, changes were
made to the output files to track the previous changes. The modified version is referred

to as HSG 3.0.

HSG is written in standard C. There is no difference in the HSG source code between
the UNIX and DOS versions. Other than the operating environment, the primary
difference lies in the package of utilities included with the DOS version of the HSG
Modelling System. The modifications made to the model were confined to the HSG
source code which was used to produce new versions of the HSG executable file. The
DOS version was compiled on the DJGPP compiler (Delorie 1995), permitting large

inventories to be run.

3.2.1 Harvest Modifications

The modifications made to the HSG model were accomplished through changes in the
source code. A copy of the Version 2.0 source code was supplied by Tom Moore of
The Canadian Forest Service at Petawawa, Ontario. A computer science graduate
student (Sandy Gordon) was hired to make the actual program source code changes
under my guidance. The first step in the process was to determine how the HSG
model operated and what information was tracked internally. Using this information,
proposed modifications were developed and the source code modified. The modified

version was tested and debugged with specially designed data sets.



HSG was initially designed to support the clearcutting of whole stands. Although it
contained information on individual stand components, it had no mechanism of
harvesting these components individually. The HSG model was modified to allow the
harvest of portions of individual stand components, to simulate the impact of the partial

harvesting used in alternative silvicultural systems.

HSG 3.0 retains most of the operating features and structure of version 2.0. All of the

harvesting changes were made within the STEP command. The creation of a base list
and aging of the forest remains unchanged. The harvest changes consist of ftwo new

partial harvest functions and the addition of modifiers to apply additional control over

stands eligible for harvest. The modification process is described in the following text.

The harvesting process begins with the creation of a base list of eligible stands for
harvest (Figure 3.2.1a). The base list is a subsection of the inventory containing only
those stands with volumes greater than that specified in the OPMIN command and
which are flagged as “available” when the optional CONSTRAINTS command is

included.
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Begin STEP
Age Forest < Forest Inventory
Create a base list of ) Apfl)élRegeneratio;
;o to all Clearcut Stands
Eligible Stand
I§IbTe Stands ) for the current STEP
End of STEP
+ [ NO
o]  Harvest Rules Left? <
YES
v
_Harvest Function
[ Rank Stands for Harvest l Rank Stands for Harvest
4 v I
»] Harvest Target Met? ] Harvest Target Met? )4——
NO NO
[ Select Next Eligible Stand [ Select Next Eligible Stand
| in Harvest Rule List | in Harvest Rule List
\ 4 v
Reduce Stocking For Flag Stand as Clearcut
Listed Species
I —>| Summary File
lUpdate Stand Compositior}
Through State Table _>( Schedule File

Figure 3.2.1a. HSG 3.0 STEP command detailing the differences between the clearcut
harvest function and the modified harvest functions: Release and

Partial.
The planner specifies the harvest targets, harvest priority ranking rule to be used, the
modifiers to be applied to the priority rule, and the species to be harvested. The model
then determines if the global harvest targets for the step have been satisfied. If not,
the model selects and applies the first harvest priority rule. From the stands in the

base list, 2 new list of stands eligible for harvest is generated. These stands are



ranked based upon the criteria described in the current priority rule. If the harvest
targets for the current priority rule have not been met, the model harvests the first
eligible stand. If there are no priority rule modifiers, the model clearcuts the first stand

following the same process used in version 2.0 (Figure 3.2.1a).

If the harvest function is modified as either “Partial’ or “Release”, the model applies the
listed harvest function. The Partial and Release harvest functions are constructed in a
similar fashion. The only difference between them is their names. This was done to

permit the tracking of two different treatment types within a simulation.

The Partial and Release functions were designed to follow the same general format as
the clearcut function. The stands in the base list are checked for eligibility and ranked
for harvest following the criteria described in the current harvest priority rule. The result
is a harvest priority rule eligibility list. Next, the harvest target for the current priority
rule is checked to determine if it is satisfied. If not, the modified harvest rule is applied
to the first stand in the harvest priority rule eligibility list. In this function a harvest
volume is calculated for each species in the stand which is also present in the current
priority rule. The harvest volumes by species are then reduced by the percent value
listed in the modifier for the current priority rule. The resulting reduced harvest volume
is reported in the summary database file as either Partial or Release using the same

format as the clearcut function.

The modified harvest priority rules also reduce the stocking component for each
harvested species in the stand by the specified percent. Only after these changes are

made is the stand description written to the schedule database file. Therefore, the



stand description in the schedule file from either Partial or Release harvest is the stand
structure as modified immediately after harvest. In the clearcut function the stand

description in the schedule file is the stand condition before harvest.

After the harvest, the modified harvest functions attempt to match the stand to the state
table. If no match is found, the stand remains as modified and a message is sent to
the screen to notify the user that no match was found. If a match is found the stand is

updated to the condition described in the state table.

This application of the state table is the silvicultural treatment for partial harvest stands.
It is applied to the stand during the harvest function, not with a separate regeneration
function used for clearcut stands. No further regeneration treatment (i.e. elite,
intensive, basic or extensive) can be applied to partially harvested stands. .In this way,
the Partial and Release functions assume that the harvest technique must be followed

by a specific regeneration treatment.

Harvesting continues until either the harvest target is satisfied or there are no more
eligible stands in the harvest priority rule eligibility list. When this is complete the model
checks for more harvest rules in the STEP to begin the process again. As with HSG

2.0, any number of harvest rules can be applied in a single STEP.

The partial harvesting algorithm was designed to mimic the harvesting patterns
resulting from selective cutting techniques such as multi-pass harvesting. These
techniques remove a portion of a stand and are usually fairly evenly distributed

throughout the stand. Block or strip harvesting is not well represented by the new



partial harvesting algorithm. The following is an example of how the modified harvest

rule can be applied.

Consider a poplar and spruce stand to which a two-pass silvicultural strategy will be
applied. The stand is composed of two distinct vertical layers of one species each.
The poplar component is 70 years old and the spruce 20 years old. The first harvest
pass would remove the overstory of poplar and leave the spruce understory to form the
next crop. In this case the user would instruct the model to harvest 100% of the poplar
from the stand and leave the other stand components untouched. The result would be
a 20-year-old spruce stand stocked to the level which existed before harvesting.
Therefore, the stand in the model would closely represent the actual stand in the forest.
However, the stocking of the spruce component in the model would not likely represent
the actual stand stocking several years after harvest. Through time the stand stocking
would move closer towards a fully-stocked stand. Specifically, stocking of the spruce
would likely increase through seeding and some poplar would regenerate through
coppice growth. A mechanism was required in the model to account for this ingrowth.
This was accomplished in HSG 3.0 by calling the state table immediately after partial
harvest. The user is provided with the option to either define the new stand structure to
reflect the changing stand composition or to leave the stand structure as modified by

the partial harvesting function.

The shelterwood system is another silvicultural system that was considered when
developing the partial harvesting algorithm. This system removes a portion of the
species components from the stand. The user would accomplish this by specifying the

percent of the target species to be removed from the stand. HSG would then reduce



the target species stocking in the inventory by the specified amount. The stand would
then be matched to the state table to alter the stand’s components to represent the new

stand development path.

Alternative silvicultural systems are applicable to a narrower range of biophysical
conditions than clearcutting. Therefore, HSG 3.0 was designed to permit the use of
two harvest priority rule modifiers with any of the three harvest functions described
above. One modifier is the Harvest Allocation List (HAL) used to restrict harvesting to a
user-defined range of working group conditions. A HAL file was created to describe the
range of stand working group variables (species code, site and age) that a potential
stand must match to be eligible for harvest by the current harvest priority rule. In this
manner, a harvest priority rule can be restricted to specific working groups. The

second modifier created was the harvest protection period (HPP) (Figure 3.2.1b).
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Figure 3.2.1b. Flow chart for HSG optional harvest function modifiers.

When a stand is selected for potential harvest and a HAL file is included in the harvest

rule, the stand is tested against the list of working groups in the specified HAL file

before harvest. If a match is found, harvesting of the stand continues. If no match is

found, the stand is by-passed and the next stand in the harvest priority rule eligibility list

is selected and tested against the HAL file. A stand will be harvested if, and only if, it

matches at least one record in the designated HAL file. A stand matches a record if,

and only if, both of the following are true:

e the working group species and site codes match exactly, and

o the stand age is greater than or equal to the lower bound and less than or equal to
the upper bound.

This feature provides the user with the ability to restrict the range of eligible stands by

working group for each harvest priority rule. Eligible stands are defined by working



group species, site class and a range of years. There is no limit on the number of

records in a HAL file, and any possible working group combination can be specified.

Often when an alternative silvicultural treatment, such as shelterwood, is applied to a
stand, merchantable volume is still present. However, the stand should not be
harvested until it has developed to a desirable condition. For this reason the harvest
protection period function was created in HSG 3.0. This new capacity should not be
confused with the separate “reserve” and “available” feature applied through the
CONSTRAINTS command which was retained from HSG 2.0. The harvest protection
period is an optional user-defined value that may be applied to each harvest priority
rule to protect stands from harvest for a specified time period. This function operates
by adding the number specified in the harvest priority rule to the current date in the
simulation, to obtain a harvest protection period date. This date is stored in the
inventory for each stand harvested by the rule. After a potential stand is checked for a
match in the HAL file, its harvest protection period date is compared against the current
date in the simulation. If the current date is greater than or equal to the harvest
protection period date, the stand is eligible for harvest. The harvest protection period is
checked before all stands are harvested, irrespective of whether a harvest protection

period is specified in the priority rule.

The harvest protection period can be used to protect a stand from harvest until
desirable stand conditions are established. Alternatively it can be used in conjunction
with the stafe table and harvest rules to “hold” a stand within a range of conditions while

partial harvesting is conducted upon the stand at regular intervals.



As mentioned earlier, HSG 2.0 permits multiple harvest priority rules in a single STEP
command. Each rule is applied in the order in which it is encountered, until either the
harvest targets are satisfied or the list of eligible stands is exhausted. In HSG 3.0, this
presents a potential problem in that stands may be partially harvested by one rule and
subsequently clearcut by the next rule in the same STEP command. A default of one
year was added to the harvest protection period function to prevent this. Therefore a

stand cannot be harvested by more than one rule in a singile STEP command.

3.2.2 Economic Modifications : Rule_3

Four economic modifications were made in HSG 3.0. First, modifications were made to
permit the input and utilisation of economic data. Second, a new harvest priority rule
(Rule_3) which allocates stands for harvest by minimising the loss of the opportunity
cost of delaying the harvest for each stand by one year was added. Third, Rule_3 was
designed to apply regeneration to clearcut stands based upon the projected SEV for
each stand and treatment combination. Fourth, modifications were made to the output

functions to report economic results.

Although Rule_3 ranked and assigned treatments by SEV, in this study site conversion
was not permitted and no constraint was placed on any silvicultural treatment level. As
a result, the application of silvicultural treatments by SEV had no effect in the allocation
of regeneration treatments in this study. Therefore, the information on regeneration

assignment by SEV is described only in Appendix .

The source code for HSG was expanded to input, utilise and produce economic output

information for HSG 3.0. It was modified to recognise three independent economic



variables: the value produced when the stand’s products are sold (referred to as Price
(P)); the cost at roadside to produce those products (referred to as Cost (C)); and the

cost to transport those products to the mill (referred to as Transport (T)).

The price used can represent different values. In this study, price is the maximum
value a mill would be willing to pay for the timber in a stand delivered to the mill gate in

a perfectly competitive market.

Both price and cost are entered in $/m’ as a function of age for each species/site
combination in the same manner as volume. Price for each species in the stand is
calculated by muiltiplying the species volume in the stand by the appropriate price for
that species, site and age combination. The equation for stand price is:

n

Z[Pi (t) * Si * Vi (t)] [10]

i=1

Where
P(t)= Price of the species and site combination at time (t) in $/m’
S = stocking of the species present in the stand as decimal percent

V(t)= volume of the species and site combination at time (t) in m*/ha
i = the list of species in the stand
= number of species in the stand

To use this method, a separate price curve (expressed as a table) is required for each

pure species and site combination used in the model (Appendix ).

Cost is handled in the same manner as price. The only difference is that a separate
cost is permitted for each of the three harvest treatments (clearcut, release and partial).
Cost data must be supplied for each pure species and site combination, and harvest

treatments employed in the model. The equation for stand cost is:



n

> [C.(*S, * V,(1)] (1]

i=1

where

C(t) = harvest cost of the species, site and harvest system combination at time (t) in m’/ha
S = stocking of the species present in the stand as decimal percent

V(t)= volume of the species and site combination at time (t) in m’/ha

i = the list of species in the stand
= number of species in the stand

Transportation cost is a constant value for each stand independent of species and site.
It was designed to represent the cost of transporting the stand’s products to the mill
and is entered in $/m°. The total transportation cost for each stand is calculated by
multiplying the total stand volume by the stand’s entered transport cost. The equation

for stand transport cost is:

n
> Vi(t)xM [12]
i=1
where:
V(t) = net volume of each species at time (t) in m’/ha
M = transportation cost for the stand in $/m’
i = the list of species in the stand
n = number of species in the stand

The harvest portion of Rule_3 uses the same operating process as the existing Rule_2
(minimise the unharvested volume loss). For harvest allocation, its purpose is to
provide a criterion on which stands can be ranked for harvest. Rule_3 ranks stands for
harvest by calculating an annual average 10-year opportunity cost of harvest delay for
each stand. Stands with the highest opportunity cost are ranked at the top of the
queue. Harvesting commences from the top of the list and continues until the targets

are satisfied or the list of eligible stands is exhausted. All of the features present in the
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harvest rules in HSG 2.0 were retained in Rule_3. Rule_3 calculates the opportunity

cost of harvest delay using equation [13] which is an expanded version of equation [9].

rx V(1) x[P(t) - C(t) - M()] - V'(©)(P(t) - C(t) - M(D)) + V()P —C' - M)

D, (1) O [13]

Where:

D,(t)= opportunity cost of delay in harvest at time (t) (in $/m3)

r = discount rate expressed as a decimal

V(t)= stand volume at time (t) (in m’/ha)

V’(t)= rate of change in stand volume at time (t) (in m’ /yr)

P(t)= value of the stand’s products at time (t) (in $/m’)

P’ = rate of change in value of the stand’s products at time (t) (in $/m3/yr)

C(t)= cost of harvesting the stand’s products to roadside at time (t) (in $/m’)

C’ = rate of change in cost of harvesting the stand’s products to roadside at time (t) (in
$/m>/yr)

M(t)= cost of transporting the stand’s products to the mill at time (t)(in $/m’ )
M’ = rate of change in the transportation cost (in $/m>/yr)

Since economic variables are now present in the harvest rule, a new optional economic
operability minimum was included. A rational profit-maximising forest manager would
not harvest stands with a negative economic return® (i.e. stands that cost more to
harvest than the total value of their products). Rule_3 was designed to give the user
the option to set an economic operability minimum, for which the stand’s RTV (P-C-T)
must be greater than or equal to the minimum for it to be eligible for harvest. This
function is applied globally and loaded through the ECONOMIC command. Like the
OPMIN command (which sets a volume-based operability limit), the economic

operability minimum applies to all Rule_3 harvest priority rules used in the simulation.

? There are exceptions. Harvesting stands with a negative economic return would be considered for stand
conversions, or harvesting poor quality or damaged stands (e.g. fire, insect damage) in order to replace
with a higher quality stand.



3.2.3 Output Modifications

The results from an HSG run are written to three different files: updated forest
inventories, the schedule file, and the summary file. Depending upon the complexity of
the simulation and the size of the initial forest inventory, the files produced from a run
can be large. For the runs used in this study, the inventory and summary files were
approximately one megabyte each, and each schedule file up to 5 megabytes. Clearly,
files of this size require processing to extract meaningful information. The HSG forest
modelling system is packaged with a set of programs that assist in the development of
queries and viewing of query results to extract meaningful information. These

programs are simple database query and display programs (Moore et al. 1994).

The output files contain fields that describe the various biological attributes of the forest
and the treatments applied to the forest. Three new fields were added to the HSG 3.0
summary and schedule files. These fields were:

1. Residual Timber Value (RTV), which is calculated as P-C-M;

2. Delivered wood cost (Wood_cost), which is calculated as C+M; and

3. Transportation cost (Tran_cost), which is simply M.

where: P= price, C= cost and M= transportation cost.

In the summary file, output is stored in an grouped format. This permits queries for
such things as delivered wood cost by harvest activity and date, or residual timber

value by date for the growing stock in the forest.

The schedule file is a stand-by-stand record of all the activities undertaken on the forest

for an entire simulation run. Each record in this file includes all the stand components



tracked in the inventory. The types of activities included in the schedule file are:
updated stand composition for each step, stands clearcut, partially or release
harvested, and the regeneration treatments applied to each stand. Results from
queries made on this file can be used in two ways. First, since the records in the file
relate to individual stands in the inventory, the file can be linked with a GIS and maps

produced. Second, results from this file can be displayed as charts or tables.

In addition to the inclusion of the three new economic fields in the schedule file,
modifications were made to the reporting of harvesting functions (Partial and Release).
For both Partial and Release harvest, the stand structure as modified by the harvesting
function, before the application of the state table, is the structure reported in the
schedule file. For clearcut, the stand components in the schedule file are those present
in the inventory before the application of harvest. The data in the economic fields are
calculated for only the volume actually harvested in the stand. The result is that RTV is
the value of the percent of the species removed from the stand, except for clearcuts

where RTV is calculated for all species.

The separate costs developed for analysis in the HSG model were tracked and
reported. When economic data are input into the activity file, economic parameters are
added to the summary and schedule files even if the harvest was scheduled with
biological harvest priority rules. This permitted the reporting of activities in economic
terms. The regeneration costs were not included in the harvest scheduling rule and
were not reported in the summary and schedule files. These costs were determined by

developing a regeneration cost suitability matrix and combining this with a summary file



(refer to Moore et al. 1994). Total costs were then determined by adding the actual

regeneration costs to the harvest and transportation costs from the summary file.

3.3 Management Alternatives and Scenario Development

The implications of applying alternative silvicultural systems to the SRF were explored
through comparisons of results from computer-simulated management scenarios. The
individual scenarios represented forest management strategies which in turn were
derived from the two broad management philosophies of harvest exclusively by clearcut

and harvest by alternative silvicultural systems.

Three forest management strategies were explored: 1) clearcut management; 2) no-
clearcut management; and 3) combination management. Each of these forest
management strategies were described by defining the permissible silvicultural
treatments. The permissible silvicultural treatments were assembled into a set of
silvicultural ground rules for each strategy. The silvicultural ground rules were used to
describe the silvicultural treatments and the conditions under which these treatments
may be applied (OMNR 1986, 1995). The silvicultural ground rules along with the
management strategy goals were then used to develop the necessary HSG files which
constitute a scenario. The maximum long-term sustained yield was determined for
each management strategy through a binary search process of HSG runs and

modifications in the scenarios’ harvest targets.



3.3.1 Clearcut Management Strategy

The clearcut management strategy represents the forest management strategy which
was applied in northwestern Ontario FMA’s during the mid-to-late 1980’s. This strategy
was included in this study as a benchmark of traditional forest management activities,
to which comparisons with other strategies could be made. The clearcut management
strategy has been referred to as sustained yield management (OMNR 1986); however,

in this study the more descriptive “clearcut management” term is used.

The clearcut management strategy harvested the maximum long-term sustained-yield
through a silvicultural regime of clearcut followed by artificial regeneration. There was
no attempt to produce maximum economic volume through an intensive silvicultural
program of site conversion or thinnings. The aim of this management strategy was to
harvest wood only by clearcutting and to regenerate harvested stands to an acceptable
species stocking level at a free-to-grow status (OMNR 1986). No site conversions were
permitted in this strategy. Conifer species were planted or seeded following site
preparation on preharvest conifer sites. Natural regeneration was used to regenerate

preharvest deciduous sites.

Table 3.3.1 details the silvicultural ground rules and the treatments which were applied
(defined by working groups). For this scenario, all harvesting was done by clearcutting
except for the site class lll black spruce stands, for which a sacrificial seed source was
retained for regeneration. There was no limit placed on the maximum level of artificial
regeneration treatments. Therefore, the most intensive regeneration treatment (basic

treatment) was applied to each eligible stand.
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Activity File of the Clearcut Management Strategy

The activities simulated in each HSG scenario are controlled in the activity file
(Appendix IV). Within the activity file, the STEP command controls most of the actions
applied to the forest. Each STEP command sets the advancement age, harvest
targets, and controls treatment application. The actual STEP command used for the
clearcut management strategy was:

#

STEP 5 : Pj/Sb/Sw/Po/B/Bw=375000: Rule_2-Pj/Sb/Sw/Po/B/Bw=375000(50)

#

This command aged the forest 5 years. Then a global harvest target of 375,000 m®/yr
of any combination of jack pine, black spruce, white spruce, poplar, balsam fir, or white
birch was established. One harvest priority rule was used to control all the harvest.
The harvest target was specified to equal the global target, with the additional
constraint that only stands with a minimum volume of 50 m*/ha of the target species
could be harvested. Stands were selected for harvest, then clearcut using the
‘minimise the unharvested volume loss” priority harvest rule (Rule_2). This was a
simplified sustained-yield management strategy, since there were no constraints on the
species mix harvested, nor were there any additional biologically defined minimum
stand criteria such as minimum eligibility age. The only stand eligibility criterion
required for harvest was a minimum target species volume of 50 m*/ha. The harvest

targets were increased until the maximum long-term (200 years) even-flow sustained

yield was determined to the nearest 5,000 m®/yr.

Regeneration was applied by working groups, according to the order listed in the

silvicultural treatment file <basic_80.trt> (Appendix V).



3.3.2 No-Clearcut Management Strategy

The no-clearcut management strategy used alternative silvicultural systems and natural
regeneration to obtain wood volume. This management strategy represents one
application of alternative silvicultural systems in the boreal forest. It was included to

examine the impact of a clearcut harvesting ban.

The no-clearcut management strategy attempts to harvest the maximum long-term
(200 year) sustained yield from the forest through a silvicultural regime of alternative
silvicultural systems and a reliance upon natural regeneration. The aim of this
management strategy was to harvest wood without clearcutting while maintaining a
suitable forest cover of merchantable species. Unlike the clearcut management

strategy, stand conversion between species composition was permitted.

Two alternative silvicultural treatments were developed for this strategy: a release
treatment for spruce growing in young (40 to 60-year old) jack pine stands, and a “hold
volume on the stump” treatment for mature stands. These two treatments were chosen
because they were felt to have practical application in northwestern Ontario boreal

forests.

The release treatment is applicable to young jack pine stands which have a suitably
stocked component of understory spruce. The key to a successful treatment is the
spruce understory. A two-day field tour of the SRF revealed no jack pine stands with a
suitable understory. However, | have encountered many suitable stands in other
northwestern Ontario forests. There are two problems with this treatment. First, the

information required on understory stocking is not present in the inventory and thus not
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available to the model. Second, some of the stands that receive this treatment will
require some fill-in planting. For this study, the first problem was ignored (all eligible
stands are assumed to have suitable understories and are treated) and the second
problem was addressed by assigning one third the normal planting costs ($200) to fill-
in-plant the stands that require it. Jack pine stands which receive this treatment were

converted into black spruce stands after the removal of the pine canopy.

The second alternative silvicultural treatment was based upon the concept of holding
wood volumes on the stump. This treatment is a partial harvesting treatment since
most of the merchantable volume remained in the stand following harvest. There were
secondary benefits to this treatment such as harvest wood volume that would be lost to
mortality and maintenance of continuous forest cover for other ecosystem functions.
However, in this study, its primary function was to help determine the types of effects

expected from a program of multi-pass harvesting and modified clearcutting.

The partial harvest treatment was applied to a stand as it begins to lose volume and
break-up. At this point, gaps form in the canopy and an understory becomes
established. The stand begins to convert to a new structure (stand break-up and
succession). The concept used is that 30% of the stand volume can be harvested by
individual tree selection and the remaining stand will regenerate and fill in over time.
The partial harvest will release the understory and increase the stand conversion rate.
By controlling which trees are harvested, the species composition and future stand
structure can be controlled. Thus, through intermediate harvests the stand break-up
and renewal phases of stand development can be accelerated. Clearcutting also

accelerates these phases but at a much faster rate and will produce a stand at a



different developmental phase. This partial harvest treatment would result in an
uneven-aged stand comprised of a mixture of species and ages. In this study, stands
treated through this system were harvested every 30 years and the cycle was assumed

to be sustainable for 200 years.

One problem with any partial harvest treatment is windthrow damage. Mitchell (1995)
and Ruel (1995) recommend the harvesting of shorter, younger-aged stands. They
also recommend that less than 40% be removed and that leave trees be selected for
windthrow resistance characteristics to reduce windthrow loss. The impact of
windthrow on the partial harvesting method used in this study was unknown and no
direct allowance was made for windthrow loss. It was assumed that harvest methods
would allow for success in identification and retention of wind-firm trees so that

windthrow loss would be acceptably low.

Long-lived white pine and red pine make up a minor component of the SRF but are not
true boreal species. Despite information that alternative systems work well with these
species (Chapeskie et al. 1989), they were not included in the partial harvesting
treatment because they do not cover significant area in boreal forests. These species
and several other minor ones are included in the inventory only because they were

present on the SRF but were ignored by the harvest rules.

The silvicultural ground rules of the alternative silvicultural treatments used in this

strategy are identical to those used in the combined management strategy.



Activity File of the No-Clearcut Management Strategy

The no-clearcut management strategy was simulated through the <sr_alt2.act> activity
files. The actual STEP command from a scenario shown below:

#

STEP 5 : Pj/Sb/Sw/Po/B/Bw=150000: Rule_2-{Release-100}[pj_rel.hal]-
Pj/Sb/Sw/Po/B/Bw=150000(50), Rule_2-{Partial-30} [bas_hold.hal;30]-
Pj/Sb/Sw/Po/B/Bw=150000(50)

#

This STEP command is more complex than that used in the clearcut scenarios due to
the two harvest priority rules used. In addition, harvest rule modifiers were used to

define the harvest treatment. The aging of the forest 5 years and the setting of the

global harvest target were the same, as was the harvest priority rule (Rule_2).

The first harvest rule in the STEP command applied a black spruce release treatment
to jack pine stands (referred to as jack pine release in this study). Since this rule was
first, it had first choice of eligible stands from which to harvest. This rule harvested
100% of the jack pine volume from young jack pine stands, specified in the HAL file
<pj_rel.hal> (Appendix VI). The black spruce in the understory was released and some
fill-in planting was applied to produce young black spruce stands. As with all the
harvest rules, the harvest target for the first rule (release treatment) is the same as the
global target. This permits all of the volume harvested for the period to come from this

treatment if sufficient stands existed.

After the release treatment was applied to all eligible stands and if the global harvest
target had not been met, the second harvest priority rule was applied. The second
harvest rule applied the partial harvesting treatment to older stands as described

earlier. Only those stands which were of the working group types described in the HAL



file <bas_hold.hal> (Appendix VI) were eligible to receive this treatment. Treated
stands were partially harvested by removing 30% of the stocking for the listed species.

Stands which received this treatment were ineligible for harvest for 30 years.

3.3.3 Combined Management Strategy

The combined management strategy represents a more realistic application of
alternative silvicultural systems than the no-clearcut strategy. The combined
management strategy harvests the maximum long-term sustained-yield from the forest
by first harvesting wood volume with alternative silvicultural systems. If harvest targets
are not met, volume is harvested with clearcut silvicultural systems. The silvicultural
systems used in the combined management strategy are identical to those used in the
clearcut and no-clearcut strategies. Only the combination is different. The treatments
applied in the combined management strategy are defined in the silvicultural ground

rules (Table 3.3.3).
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Activity File of the Combined Management Strategy

The combined management strategy was simulated through the <sr_ait1.act> activity
files (Appendix IV). The actual STEP command from a combined management
scenario is shown below:

#

STEP 5 : Pj/Sb/Sw/Po/B/Bw=230000: Rule_2-{Release-100}[pj_rel.hal]-
Pj/Sb/Sw/Po/B/Bw=230000(50), Rule_2-{Partial-30}[bas_hold.hal;30]-
Pj/Sb/Sw/Po/B/Bw=230000(50), Rule_2-Pj/Sb/Sw/Po/B/Bw=230000(50)

#

This STEP command is a combination of the no-clearcut and the clearcut STEP
commands. The first two harvest rules in the command apply the two alternative

silvicultural treatments used in the no-clearcut strategy. The final harvest rule applies

the clearcut harvest treatment used in the clearcut strategy.

This STEP command will first apply the release harvest treatment. If the harvest target
has not been met, the partial harvest treatment will be applied. If the harvest target has
not been satisfied after both the partial and release treatments, the clearcut harvest
treatment will be applied until either the harvest target is satisfied or the list of eligible
stands is exhausted. Used in this manner, the clearcut harvest rule acted as a harvest
volume “top-off” to reach the global harvest target. Regeneration was applied to the
clearcut stands using the same procedure as in the clearcut strategy. HSG runs were
made with increasing harvest targets until the maximum long-term (200 year) even-flow

sustained yield was determined to the nearest 5,000 m3/yr.

3.3.4 Volume Curve Development
Time-dependent pure-species volume curves, adjusted for site conditions, are used by

HSG to track and describe stand volumes. Previous studies (Williams 1990b;



Willcocks et al. 1990; Whitmore 1995), show that volume curve changes have a large
impact upon the results of forest-level models. Therefore, accuracy in yield curves is
important. One set of yield curves was developed for this study and used in all the

simulations. The following process was used to develop the yield curves.

Plonski's (1981) yield curves were used as a base for the development of the pure-
species yield curves. In all cases merchantable volumes were used. These curves
were refined in two steps. Stone Consolidated has established permanent sample
plots (PSP) for the jack pine working group on the SRF and the adjacent forest to the
west, the Manitou forest. Approximately 300 PSP have been established since 1955
and remeasured each decade. This data set was made available and used to adjust
Plonski's jack pine yield curves for local site conditions. The relative adjustment to the
jack pine curves was then applied to the other species. Professional judgement, aided
by a two-day field trip to the SRF, was used to refine the yield curves (shown in tabular

format in Appendix Ill).

3.3.56 State Table Development

The state table is used to describe a forest’s successional pathways, the stand
structure resulting from clearcut regeneration treatments, natural regeneration and
alternative silvicultural treatments. No modifications were made to the state table
operation in Version 3.0. The difference in application of the state table between this
study and previous studies was in its use to describe future stand conditions after

partial and release harvest treatments.



Special simplistic state tables were constructed for the hypothetical forests used to test
and debug the HSG 3.0 model. These tables are not included in this report. A single
state table (<state12.dat> Appendix VIl) was used for all the scenarios in this study.
The state table and yield curves were constructed so that all the scenarios could be run

with the same data.

State tables describe the natural dynamic systems in the forest. One such system

represents the natural transitions occurring within the forest. For the duration of the

simulation these processes remain constant and are not affected by human actions.

As a result, the natural succession rules in the state table remain constant with different

management options. Following this logic, the procedure used in the development of

the state table was as follows:

1. A state table describing stand succession for the SRF was developed for the
previously constructed yield curves.

2. Extensive regeneration (usually no artificial regeneration treatment) following
clearcutting was incorporated into the table for each species in the inventory.

3. Regeneration rules were added to the state table to represent the silvicultural

ground rules to be applied.

3.3.6 Development of Economic Inputs

Once the biological components were defined for each scenario, economic data sets
were developed. These data sets were necessary to test both the economic aspects of
alternative silvicultural systems and the efficiency of different harvest scheduling

methods. The following sections describe the development of the economic data.



3.3.6.1 Price and Product Value Curves

In this study, price is the highest value that would be paid for the optimum combination
of products at the mill gate, that could be produced from a fully-stocked, pure-species
stand for any given age and site combination. The harvesting system was assumed to

have no effect upon the value of potential products.

The main factors that affect the price for each species are piece size, quality, and the
value of the end-use products. For this study, veneer and sawlogs were assumed to be
more valuable than pulpwood. The general shape of the price curves followed the
shape of the volume curves. The assumption used was that price increases as piece

size increases, to a point after which it decreased to reflect the loss in value from cull.

For each species, the upper and lower limits of price were determined for site class 1
based upon the expected mix of the potential products. The upper price limit was
established for each species at a point just past maximum volume. The lower limit was
established at the first age when volume exceeded 50 m*ha. Price curves were then
developed for the other site classes based upon the expected product mix, piece size
and cull. The maximum price used was $90.00/m® for white spruce and lowest price
was $40.00/m’ for balsam fir pulpwood. The curves were then expressed as age-

dependant lookup tables (Appendix 111).

3.3.6.2 Harvest Costs
For this study, harvest costs were the total costs accrued in producing wood products
at roadside. Harvest costs were segregated into felling cost, off-road transport cost

and slashing or processing cost. The largest contributing factor in harvest cost is piece



size (Gringras 1988; Sunderberg and Silversides 1988; Gringras 1989; Silversides and
Sunderberg 1989; Mellgren 1990; Chylinski 1992; OMNR 1993c; Nautiyal et al. 1995).
As a general rule, as piece size increases, harvest costs decrease. Piece size is
primarily a function of site conditions and age. The HSG variables used for this
relationship were site type and species age. Harvest costs vary with the harvesting
method employed. Harvest costs were expressed as a set of age-dependent lookup

tables for each species/site combination (Appendix Ill).

The harvest costs used in this study were not adjusted for changes in stocking
(density). The only impact stocking had on harvest costs was through changes in
stand volume. In HSG, density is related to stocking. Gingras (1988) reported that
stand density has a significant impact on harvest cost only when combined with tree
size to produce a volume per area. In natural stands, changes in density usually
accompany changes in piece size. Newman (1971, in Sunderberg and Silversides
1988) reported that density had only a small influence on productivity (hence cost) of

multi-function machines.

Terrain also affects harvest costs (Gingras 1989; Mellgren 1990). However, the FRI
data set used to describe the forest had no terrain information. Since no information

was available, this factor was not considered for this study.

The following procedure was used to determine the clearcut harvest costs for the study.
1) site-class 1 was used as a baseline from which all other sites were scaled;

2) average total harvest cost for the operable range was estimated for each species;



3) minimum and maximum costs were determined for each species based upon the
average cost;

4) using the yield curve for each species, a cost curve was then drawn which reflected
the change in harvesting cost with piece size (the maximum harvest cost was
assigned to the age where stand volume dropped below 50 m°fha, with costs
decreasing to a minimum just as volume began to decrease); and

5) the completed site-class 1 cost curve was then used as a base from which the

remaining site classes were derived.

Once clearcut harvest costs were determined, costs were developed for the alternative
silvicultural systems. There are few published reports dealing with harvesting costs of
alternative silvicultural systems in the boreal forest. Although thinning was not
examined in this study, thinning costs were investigated as a means of calibrating the
harvest costs associated with alternative silvicultural systems. Metsateho (1983) and
Pulkki (pers. comm., 1995) report the industry average cost of thinnings in Finland is
about 70-80% greater than the clearcut costs excluding road costs. Total costs can be
expected to be double the clearcut harvesting costs do to the protection of residuals.
The doubling of costs applies to smaller piece sizes for thinnings than in clearcuts and
may not hold true when mature stands are partially harvested. Published relationships
between clearcut harvesting and alternative silvicultural systems are summarised in

Table 3.3.6.2.



Table 3.3.6.2. Comparison of different stand-level alternative silvicultural system
harvesting costs expressed as a percentage of clearcut harvesting to

roadside.
Author (date) Location Harvest System Seed Tree | Shelter- Group Single Tree
wood Selection Selection
Beese and Dunsworth hand felling; FMC & 1.2 1.4 1.5
(1994) B.C. hoe forwarding
Navratil et al. (1994) Feller-buncher (medium 1.1
Alberta regen. protection)
Navratil et al. (1994) Feller-buncher (high 1.5

Alberta

regen. protection)

Keegan et al. (1995)
Montana

Tractor & hand felling

1.1

1.1

Keegan et al. (1995)
Montana

Tractor & mechanical
felling

1.1

1.1

1.1

The greatest change in harvesting costs are expected when thinning treatments are

applied. Thinning can increase harvesting costs by 200% of the clearcut costs. The

least change in harvesting costs are the seed-tree treatments which are the same or

only slightly greater than clearcut harvesting costs. When all other conditions are

equal, the increase in harvesting costs due to alternative silvicultural systems is

dependent on the percent of the stand removed (Beese and Dunsworth 1994; Navratil

et al. 1994).

Published results were used to develop separate harvest costs for each species/site

and harvest method used in the study. The clearcut cost was used as a baseline and

scaled upward by a factor of 1.5.for partial harvest and 1.3 for release harvesting. The

factor of 1.5 times the clearcut cost for partial harvesting was the result of increased

costs when harvesting 30% of the volume from mature stands (Appendix I1i).




3.3.6.3 Crown Charges

In Ontario, a number of charges on wood harvested from Crown land are collected by
the Government under the Crown Forest Sustainability Act. These charges apply to
both the area under license and the wood harvested. For this study, only two of these
charges were included: the $1.50 charge on all hardwood species harvested and the
$7.00 charge on all conifer species harvested. These charges apply to all harvested

volume regardless of the silvicultural system used.

3.3.6.4 Regeneration Costs

Regeneration costs vary with the regeneration treatment applied, the site conditions,
harvested stand conditions, and the harvest method used. The silvicultural treatment
file <BASIC_80.TRT> (Appendix V) was used for scenarios run with Rule_2 (minimise
volume loss) and the regeneration treatment cost file <BASIC.RTC> (Appendix V) was

used for those scenarios run with Rule_3 (opportunity cost of harvest delay).

The regeneration treatment cost data were determined by adding the individual
treatment costs to obtain and average treatment cost per hectare. This value was
reduced to reflect a reduction in actual net area treated. The costs of each stand’s
regeneration treatment was calculated according to the method suggested by Moore et
al. (1994). After the run was completed, the actual regeneration costs were combined
with the appropriate wood cost for the time-period to produce a total cost for the
scenario. These total costs were not used for scheduling of treatment activities. They

were determined and reported upon only after a run was completed.
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3.3.6.5 Transportation Costs

Transportation costs are all those costs that can be expressed as a function of stand
distance from the mill. The SRF is almost completely accessed with primary and
secondary roads. Little new road construction is required. In a long-term study of this
nature, all areas of the forest should be eligible for harvest. If the forest is only partially
accessed, some areas will contain high transportation costs even after the roads are
developed. HSG 3.0 permits new transportation cost files to be loaded during a
simulation to account for additional road construction or abandonment. The costs of
new road networks can be included in the appropriate time period. However, in this
study only one fully developed road network was used and thus no primary or
secondary road construction costs were assigned. Primary and secondary road

maintenance costs were assigned as a component of transportation costs.

The assumption used in this study was that tertiary roads were constructed each time a
stand was harvested. The amount of tertiary road constructed and maintained was a
factor of stand area and not on the distance to a primary or secondary road. Tertiary
roads were assumed to be regenerated to productive forest when the silviculture
treatment was applied. An average cost for tertiary road construction was included in

the harvest cost.

In order to run the economic model, a transportation cost was required for each stand
in the inventory. Transportation costs for each of the road classes were established

(Table 3.3.6.5).



Table 3.3.6.5. The round trip cost in dollars to move one cubic metre of wood one
kilometre for each of the road classes used in the study.

Road Class Haul Cost Transport People | Road Maintenance | Total Cost
Highway .0375 .0215 .0590
Primary .0600 .0350 .0094 .1044

Secondary .1000 .0585 .0040 .1625
Tertiary .2000 .1165 .3165

The assumptions used in the development of transportation costs were:

Four classes of roads were used;
Provincial Highway (truck travel speed 80 km/h, no incurred road
maintenance costs)
Primary Road (truck travel speed 50 km/h, with maintenance costs)
Secondary Road (truck travel speed 30 km/h, with maintenance costs)
Tertiary Road (truck travel speed 15 km/h, maintenance cost included in
construction costs)
Haul costs were based upon a broker rate of $75.00/hour (including driver,
Workers Compensation etc., for quad axle truck and trailer).
. Transportation costs included the following: wood hauling, transport people,
transport supplies and parts, floating, road maintenance, loss in machine
productivity/availability due to longer distances.

A.

B.
C.
D.

The tertiary road transport cost was assigned to all forest pixels. The non-forest pixels,

such as water and bogs, were assigned high transportation costs to force the tertiary

roads to follow land. A transportation cost surface was then developed using the

IDRISI COSTGROW module (Eastman 1992a; 1992b). This module calculated a cost

for each cell based upon a predetermined destination, and the cost surface employed.

The transportation cost surface was linked with the inventory image and an average

cost for each stand was calculated, and reformatted for HSG. Two transportation cost

files were developed for use in this study; one for the SRF, described above, and a

simplified one used with the hypothetical forests. The hypothetical transportation cost

used a straight-line distance with a fixed cost for each pixel.




Transportation costs (M) were used by the model in the calculation of opportunity cost
of harvest delay and the calculation of RTV to determine if a stand was economically
feasible to harvest. The transportation cost was constant for all species and products
in a stand. The total stand transportation cost (M) was calculated by multiplying total

stand volume (m®) by the transportation cost (3/m®) for that stand.

HSG simulations were begun once the scenarios, activity and data files were
constructed. Two hundred-year simulations were conducted with increasing even-flow
harvest levels until the maximum sustained harvest level was found for each scenario
(Long Term Sustained Yield (LTSY)). Additional runs were conducted at specific

harvest levels to gain insight in model behaviour.

Once LTSY was established, schedule and summary files were produced for each
scenario (Appendix VI). Queries were constructed to extract the required information
from the summary and schedule files. Results from these queries were charted and

printed in Excel.



4 RESULTS

4.1 Management Strategy Results

4.1.1 Biological Indicators

Clearcut management produced the highest LTSY (Table 4.1.1). A 24% reduction in
the allowable harvest occurs when clearcut management is replaced by combined
management. The reduction in LTSY is even more pronounced with no-clearcut
management: a 65% reduction from 310,000 to 115,000 m*/yr. This result supports
what most foresters have traditionally believed, that in the boreal forest, maximum

volumes are obtained from even-age management.

Table 4.1.1  Predicted 200 year average results for the SRF comparing annual
target maximum long-term sustained yield (LTSY); annual harvest area;
harvest volume divided by harvest area; and annual harvest volume

_divided by total SRF productive forest land base (184,427 ha).

| SRF Harvest Scenario LTSY Harvest Area | Harvest Yield | Forest Yield

; (000 m®/yr) (hatyr) (m’/ha) (m’/ha/yr)

' Economic Harvest Rules
Clearcut management 310 2,300 136 1.7
No-clearcut management 115 3,100 37 0.6
Combined management 235 3,700 64 1.3
Clearcut (constrained) 235 1,500 159 1.3

On an annual basis, clearcut management disturbs less area than either no-clearcut
management or combined management (Table 4.1.1). The difference in area disturbed
is even more pronounced when the volume produced by each hectare harvested
(harvest yield) is considered. Clearcut management is far more productive; the volume
of timber recovered per hectare is 2.2 times that of combined management (136 vs. 64

m®/ha) and 3.7 times that of the no-clearcut management scenario (136 vs. 37 m*/ha).
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These results show that clearcut management produces more volume while disturbing

less forest area annually than either no-clearcut or combined management.

An additional clearcut scenario (Table 4.1.1) applied a clearcut management strategy
but the annual harvest level was constrained to that achieved by the combined
management scenario (a 24% reduction to 235,000 m®/yr). This provided for two
scenarios with different management strategies which can be compared on closer to an

even footing because the volumes produced by each are equal.

When the clearcut scenario is constrained, the harvest becomes more productive in
terms of volume harvested per hectare (Table 4.1.1). Harvest area decreases 35%
from 2,300 to 1,500 halyr, thus recovered volume increased from 136 to 159 m*/ha.
This increase in yield was due to the greater volume present in the stands harvested by
the constrained clearcut scenario. The model first harvested those stands which cost
the most tq leave. Stands that have low value (i.e. low volume), can only lose a little
and were therefore ranked and harvested last if at all. The higher harvest level in the
clearcut scenario forced the model to harvest lower value (and volume) stands from the

bottom of the ranking.

When compared to the combined scenario, the constrained clearcut scenario required
only 41% (1,500 vs. 3,700 halyr) of the total area to produce the same yield. Clearcut
management is perceived by many to have a greater detrimental impact upon the
forest. However, since clearcut management required only 41% of the annual harvest
area of combined management, one might well question which management alternative

actually has greater impacts upon the forest.



The volume harvested from the partial-harvest silvicultural treatment varied widely

through time (Figure 4.1.1a), compared to the no-clearcut scenario (Figure 4.1.1b).

Combined Management Harvest Volume by System (Rule_3)
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Figure 4.1.1a. SRF 5-year harvest volumes by silvicultural system produced from
combined management, using economic-based harvest priority rules
(Rule_3).

No-Clearcut Harvest Volume by System (Rule_3)
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Figure 4.1.1b. SRF 5-year harvest volumes by silvicultural system produced from no-
clearcut management, using economic-based harvest priority rules
(Rule_3).
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This harvest volume variation is a result of the harvest rules used. There was no
constraint on the percent of the total volume harvested by any one treatment or the
variation between periods; only the total volume was constrained. The combined and
no-clearcut scenarios attempted to harvest all of the volume by alternative silvicultural
treatments. In the combined management scenario, all of the stands eligible for
harvest by alternative treatments were harvested. Clearcutting was the last rule and
the remaining stands were clearcut until the global 5-year target was met. All of the
forest’s stock of eligible stands for alternative silvicultural treatments were used up in
the first 5-year period (Figure 4.1.1a). Only the aging of the forest will provide new
eligible stands since each stand harvested by the partial treatment was protected from
harvest for thirty years, after which it was eligible for harvest again. As a result, in the
second 5-year period, the only stands eligible for partial harvest are those that reach
the required minimum age. The large peak every thirty years in the volume partially
harvested is due to the thirty-year no-harvest restriction expiring. This harvest format

was designed to achieve the greatest harvest level with alternative silvicultural systems.

Another noticeable result (Figures 4.1.1a and 4.1.1b) is the relatively low level and the
total lack of volume harvested after the year 2115 by the release treatment. The
release treatment required young jack pine stands. in the absence of fire, these stands
can only be created by jack pine regeneration treatments. The only jack pine
regeneration treatments used in this study were those applied to jack pine stands. The
release treatment in this study converted jack pine stands to spruce stands and no

treatment was assigned to convert a portion of the spruce back into jack pine. The
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release treatment would likely of produced more volume had this conversion been

allowed.

The results (Table 4.1.1) clearly favour clearcut management. However, producing
higher levels of fibre at the expense of desirable forest conditions may not be
acceptable. This raises the question of what future forest structures developed from
each of these scenarios. The variation in the predicted residual forest structure during
and at the end of a simulation can describe the impact and thus a scenario’s
desirability. One measurement of forest structure is age-class distribution (Figures

4.1.1c,d, e).

Clearcut Management Age-Class Distribution (Rule_3)
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Figure 4.1.1c.  SRF predicted age-class distributions (ha) of the residual forest
resulting from clearcut management at 310,000 m®/yr using
economic-based harvest rules (Rule_3).
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No-Clearcut Management Age-Class Distribution
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