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ABSTRACT

Whitmore, G.J. 1994. implications-of alternative herbicide-use policies for forest
management in Ontario. School of Forestry Lakehead University, Thunder
Bay, Ontario. 289 pp. Advisor: Dr. P.N. Duinker.

Key Words: herbicides, vegetation management, alternatives to herbicides,
forest-level analysis, simulation, FORMAN, cost analysis, variable harvest cost
curves.

Public sentiment is against herbicide use on public forests in Ontario. Provincial
policies are directing research into alternative vegetation management with only
fimited interaction or support with forest resource based industries. The
initiative of this analysis was to substantiate or dismiss the hypothesis that a
forest industry could feasibly regenerate a sound wood supply from a forest in
Northwestern Ontario under various herbicide-use limitations. Forest-level
simulation was used to produce 100-year forecast data for thirteen management
scenarios, which covered current levels, reductions in area treated, restrictions
on how and where it could be applied, no use of herbicides, and a shift to a
flexible wood supply.

Results of the wood-supply analysis revealed that the company's wood-fibre
needs from the study forest could be maintained for all scenarios. Due to the
age class structure of the forest and the reasonable harvest levels imposed by’
the company, the most important component of the forest model was its
present volume. Thus, even under assumptions of decreased coniferous
volume production resulting from non-herbicide silvicultural treatments, only
slight increases in harvest area were necessary 70+ years into the forecasts.

The wood supply, area treated with herbicides and silviculture cost response
variables provided the information required for sound decisions to be made for a
large array of potential herbicide policy changes. Any strategy derived would
need to meet the new policy’s requirements while minimizing impacts on wood
supply and silviculture costs and maintaining a desirable level of flexibility. For
the Seine River forest, a step-wise reduction in herbicide use was determined to
be the most appropriate strategy. This timing conforms well with forecasts of
low need for herbicide treatments and provides adequate time for research and



\Y,

development of environmentally sound, socially acceptable and economically
feasible alternatives to herbicides.

This strategy meets the 20% herbicide use reduction imposed in 1991 and sets
the company in a position to meet further changes. Impacts an both wood
supply and silvicultural costs were shown to be minor.
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1.0 INTRODUCTION

1.1 PROBLEM STATEMENT

While the annual harvest area m Ontario has increased only 8% over the last
decade, from 196 377 ha in 1981 (Smyth and Campbell, 1987) to 211 000 ha in
1990 (OMNR, 1991"), there has been a 55% increase in areas artificially
regenerated. This substantial increase in reforestation is due largely to an
increased awareness of Ontarian and Canadian policymakers of the need to
invest in forests for the future, and also, an overwhelming public sentiment
towards proper care for the forests of Canada (Environics, 1989). A
commitment to reclamation of forest sites which did not develop back to their
"pre-harvest’ species composition (backlog), in addition to more intensive
silviculture on annual harvest areas, has meant a considerable increase in the
use of silvicultural tools, especially in silvicultural tending with herbicides (Figure
1). In 1989 alone, over 89 thousand hectares of Crown land in Ontario were
treated aerially with herbicides, up over 32 thousand hectares from 1986 figures

(OMNR, 1991").

Public awareness and concern over the use of herbicides in the forest has been

increasing in Canada. Results of this concern include the severe restriction of
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Figure 1. Harvested, regenerated, chemically tended (aerial) and total silvicultural
treatment areas in Ontario from 1981 to 1990 (Source: Smyth and
Campbell, 1987; and OMNR, 1991").

herbicide use by some provinces (Saskatchewan and Alberta) and limitations on
use of some registered herbicides in others such as Ontario. These policies
assume (or fail to consider) that if vegetation management methods other than
herbicides were applied to selected and suitable forest sites, and if research
created effective and efficient alternative treatments, the amount of herbicide
applied could be drastically reduced with little effect on the long-term viability of

the forest products industry.

The government of Ontario has recently implemented a policy which
acknowledges concerns over herbicide use and is intensively seeking the

development of environmentally-sound, effective, cost-efficient and socially
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acceptable alternatives (OMNR, 1991?). The Vegetation Management
Alternatives Program (VMAP) is seeking alternatives to herbicides and a better
understanding of ecosystem dynamics through research, education and field
delivery (Wagner, 1991)." The introduction of the VMAP in 1990 was

accompanied by a 20% reduction in forest areas treated with herbicides.

To substantiate or dismiss hypotheses on the need for herbicide use to deliver
an economical and sustainable supply of quality wood fibre, an investigation of a
range of alternative herbicide programs was performed on a forest management
unit in Northwestern Ontario using forest-level analysis. The few impact
assessments completed on the use of herbicides in forest management in the
past, as well as public opinion, have focused on the environmental and human-
health implications and risks associated with the use of herbicides, but have
neglected to analyze potential consequences of not using herbicides or
alternative vegetation management strategies (Dietz, 1985; Duinker, 1991). In
this study, forest-level simulation are used to examine how forest management
might have to change, and how forests and their wood-fibre yields may be
altered under reduced-herbicide-use policies that differ from continuation of the

present "business-as-usual” policy of Ontario.



1.2 STUDY OBJECTIVE

The objective of this study is to develop a framework for the evaluation of forest
management’s ability to accommodate changes to Ontario’s present herbicide

policy and maintain present wood-supply levels to industry at reasonable costs.

1.3 SCIENTIFIC JUSTIFICATION

This study focused on the hypothesis that Ontario forest industries could
feasibly maintain current wood-supply objectives under a policy of reduced
herbicide use but not under a policy of no herbicide use. This hypothesis was
tested by analyzing wood-supply and associated costs of treatment scheduling
resulting from a variety of alternative management strategies meant to refiect
possible management responses to changes to the current herbicide policy in

Ontario.

The alternative management strategies, developed in cooperation with the
study area's forest managers, reflect hypotheses on how the present herbicide
policy in-Ontario may change in an attempt to address public concerns over
herbicide use on public forests. Since no wood-supply studies centred on
herbicide use have been performed on an Ontario forest to date, this study

provided a framework for future analyses in Ontario and elsewhere.
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The proved efficacy of herbicides and their low financial cost made them the
vegetation management tool of choice in forestry. However, recent concerns
over potential health risks due to herbicide use, especially use on public lands,
brought about the development of provincial policies involving immediate
reductions in herbicide treatment levels and a move to greater dependence on

alternatives.

Due to the long time span required for trees to grow to operable dimensions (at
least 40+ years for most species in Canada), empirical studies of responses to
silviculture treatments are only available for the early stages of development.
While a complete data set reflecting the development of a forest stand through
to rotation age after a silviculture treatment would be ideal for analysis, no such
data is yet available. To facilitate potential outcomes from today’s actions, the
responses of stands to various treatments were estimated using a combination
of empirical data and professional judgement based on scientific research.
Thus, the volume development patterns which reflect responses of forest
productivity are themselves hypotheses. The theory behind them was that
different treatments would result in different rates and levels of softwood and
hardwood volume development over time. Sensitivity analysis was used to
determine how crucial these development patterns were to 100-year wood-
supply projections for the study forest. If large changes to the development
patterns produced only small changes to the response variable (forest
productivity based on harvest volume per hectare) then they would be deemed

Insensitive, and visa versa.
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Though the knowledge-base for impact assessments such as this is limited,
society cannot afford to wait for a more concrete understanding; information is
required now to make decisions on issues likely to affect future events
(Baskerville, 1990; Duinker et al., 1992). An iterative approach which starts now,
based on what information is available, a series of assumpticns, bounded by
sound judgement, and periodi_cally calibrated with more accurate
representéﬂons of the system’s dynamics, is a responsible approach to planning
under high levels of uncertainty. Proper use of analytic techniques such as
sensitivity analysis will ensure that sensible routes are pinpointed and possibly
followed. ldentifying all assumptions used in the analysis and limitations of the
approach will give scientific credibility to the process used and allow for

replication and/or application of the technique.

2.0 LITERATURE REVIEW

2.1 ONTARIO HERBICIDE CONFLICT

Chemical herbicides were thrust into the public spotlight principally with the use
of three phenoxy herbicides, 2,4,5-T, Silvex and 2,4-D, by the U.S. military in the
Vietnam conflict and from the discovery of a dioxin contaminant in 2,4,5-T and

Silvex (Newton and Knight, 1981; Van Strum, 1983). Both herbicides were



7

contaminated with a class of chemical known as dioxin. The specific dioxin
found in 2,4,5-T and Silvex, that is 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD),( IS
not found in 2,4-D (Walstad and Dost, 1984). TCDD is the most toxic chemical
substance known to humankind (Anon, 1985). Obviously, with a chemical so
toxic being found in 2,4,5-T and Silvex, the most commonly used herbicides of
the time (Walstad and Dost, 1 984), public concern rang loud. While the low
levels of TCDD (routinely less than 5 parts per trillion) likely represented less risk
to public and environmental health than the herbicides themselves (Walstad and
Dost, 1984), controversy over the use of TCDD led to an immense amount of
research on the phenoxy herbicides. Phenoxies are now more understood than

any other pesticide or toxicant in the world today (Newton and Knight, 1981).

Most research has concluded that the dioxin-contaminated phenoxies pose no
threat to human health if used as directed and if proper safety precautions are
followed when handling the products (Walstad and Dost, 1984; Sutton, 1985).
However, public pressure prevailed as the cost to regain registration through
court battles outweighed the foreseeable profits, and the chemical Aindustw
(primarily Dow Chemical) did not pursue registration and thus stopped
manufacture of 2,4,5-T and Silvex in 1983 for use in the United States (Walstad

and Dost, 1984).

Public opinion was swayed by books written by environmental activists such as
Rachel Carson (1862}, author of SILENT SPRING (often said to be a key

instigator of the environmental movement). The increased public awareness of



8
potential health hazards from man-made chemicals helped build up zealous anti-
chemical groups such as Citizens Against Toxic Herbicides, Citizens Against
Toxic Sprays, Northwest Coalition for Alternatives to Pesticides, and the
National Veterans Task Force on Agent Orange (Van Strum, 1983). The list of
groups against chemical use does not stop there, however. Other organizations
which focus on environmental issues also opposed the use of chemica_l
pesticides/ﬁerbicides: Friends of the Earth, Southern Coalition for the
Environment, National Council of Churches, Interfaith Centre on Corporate
Responsibility, Citizen Soldier, National Association of Farmworker
Organizations, and the Sierra Club (Van Strum, 1983). Though most of these
groups were located/headquartered in the United States, they must have

indirectly influenced Canadian thinking on herbicides.

While the fight against 2,4,5-T and Silvex was finally settled in the United States
(2,4,5-T ceased to be produced in 1984), chemicals in general were still a major
public concern. Attention shifted to the banning of other commonly used
chemicals, especially the phenoxy herbicide 2,4-D, and pushing for ﬁghter and /
more stringent controls and screening processes for chemicals. Other countries
around the world, including Canada, did not pull registration of 2,4,5-T {Sutton,
1985). In Canada, the use of 2,4,5-T is permitted by the federal government for
use as a-tool in silvicultural vegetation management. However, a number of
provincial governments (e.g. British Columbia, Ontario, Saskatchewan and

Quebec (Sutton, 1985)) currently do not have 2,4,5-T registered for forest
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management. Obviously there was public pressure in Canada (and still is)

against herbicides and/or the spraying of herbicides.

In Ontario, a major "voice" for environmental issues is the Ontario Environment
Network (OEN) which is supported by 87 Ontario citizens groups (Appendix |}.

In a 1991 action agenda, OEN pushed for a bah on aerial spraying of ch_emical
herbicides in tandem with a move towards "the use of appropriate modified
cutting practices and natural regeneration’ (Maynes, 1991). The Conservation
Council of Ontario (CCOQO), an organization representing 31 member organizations
(combined membership of over a million people) formulated an environmental
strategy for Ontario (Appendix I). The CCQO's stand on chemical pesticides (in
general) was to reduce the dependence upon them by developing and using a

greater number of alternatives (CCO, 1990).

One of the purposes for the production of "An Environmental Strategy for
Ontario" by the CCO was to provide the Ontario Round Table on Environment
and Economy (ORTEE) with "concrete recommendations for a provi-ncial
sustainable development strategy” (CCO, 1990). A Forestry Sector Task Force
was also organized "to examine the forestry sector and to make
recommendations on implementing a sustainable development strategy" to the
ORTEE (Forestry Sectoral Task Force, 1991). The Task Force members
represented universities, government, industry, and non-government
organizations (Appendix I). While individual opinions ranged from an immediate

ban, to a stepwise reduction with eventual elimination of use of chemicals as a
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forest management tool, the Task Force did agree that research into the
development of "safe, effective and efficient alternatives to the use of chemic_:al
herbicides and insecticides” should be encouraged (Forestry Sectoral Task
Force, 1991). Ontario’'s youth have also formed an opinion on the use of
herbicides. They desire a change to the use of alternatives to pesticides (Public

Focus, 1990).

Health risks perceived by the public regarding the use and presence of chemical
herbicides (especially phenoxies) in the environment includes cancer, mortality,
organ abnormalities, and birth defects in any organisms coming in contact with
them (Walstad and Dost, 1984). While a fear of possible detrimental effects
from herbicides exists, the reality in present terms, that the use of herbicides
(aerial) "is associated with a lower risk to both site productivity and human health
than any alternative" (Walstad and Dost, 1984), is also an important
consideration. The debate goes on. However, in recent years, the trend has
moved to political judgements being made on the basis of public concern and
not on science. Evidence for this includes restriction of the use of 2,4,5-T,
promotion of reduced dependence on herbicides, and an increase of research in
Ontario towards the development and use of alternatives. Public opinion as
documented in a number of surveys completed from 1984 to 1989 showed that
seven in ten people of both Ontario and Canaca either disapproved or strongly
disapproved of "the use of chemical pesticides and herbicides in Canada’s

forests" (Environics, 1989).
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2.2 FOREST VEGETATION MANAGEMENT IN ONTARIO

The reforestation of harvested forest sites usually requires some form of
vegetation management of on-site competing vegetation to be successful. The
reduction of competing vegetat_ion improves one or more of the foliowi_ng stand
attributes: survival; height, diameter or basal area growth; tree and stand
volume; crown length and width; needle colour and length; tree vigour; and
resistance to pests such as insects (Stewart, 1987). In addition to the tree-
specific effects, there are other direct and indirect effects such as increased
harvests, increased stand value, lower harvest costs, and earlier return on
investment resulting from vegetation management (Stewart, 1987). Thus, if
commercial forests are to be effectively and economically managed, vegetation

management must be practised (Walstad et al., 1987).

There are several silvicultural vegetation management practices available to the
forest manager including harvest, site preparation, tending {stand release), and/
stand improvement (Walstad et al., 1987). A summary of the major attributes
associated with a number of types of forest vegetation management was

compiled by Walstad et al. (1987) and is supplied in Appendix Il.

Vegetation management has evolved through time to what it is today (Table 1).
Primitive hand- and cattle-drawn implement use have slowly progressed to
dependence on herbicides, and finally to management based on ecological and

environmental principles (including use of herbicides).
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Tabie 1. The evolution of vegetation management through time.

e B e VS|
Period Significant Accomplishments

6000 B.C.-1800 A.D. Magic and superstition gradually discarded.
‘Primitive hand- and cattie-drawn implements used.
Early documents written about weeds.

1801-1900 Improved ploughs, cultivators, mowers and disks developed
during horse-drawn era. ]
Prototype sprayers invented for applying inorganic pesticides.
Weed control "proved” beneficial in crop production.
Scientific publications on weeds and weed control appeared.

1901-1940 Transition to mechanized implements occurred.
Inorganic herbicides developed.
Research and extension programs established.

1941-1968 Plant growth regulators discovered.
Organic herbicides synthesized and marketed.
Research and extension rapidly expanded.
Major increases achieved in crop production, attributable in
part to weed control.

1969-1987 Major breakthroughs in plant physiology, biochemistry, and
genetics continued to occur.
QOrganic herbicides further developed and refined for
operational use.
Regulatory activities expanded and strengthened.
Concept of vegetation management adopted. _
Energy efficiency and environmental impacts became

important parameters for evaluating techniques.
T R T R R T S —m—

Source: Adapted from Walstad and Kuch (1987)'
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The various silvicultural methods available to the forest manager for vegetation
management as cited by Sutton (1985) are as follows:
(il Manual (e.g. pre-release and/or release tending treatments with
Sandviks, chainsaws and/or brush saws);
(i)  Mechanical (e.g. disk trenching or shear blading);
(1) Prescribed burn (e.g.'s@te preparation with light/heavy controllec_i fire);
(iv) Biological (e.g. cattle or sheep);
(v} Systems based (e.g. advanced timing and selection of harvest methods);
and
(vi) Chemical (e.g. herbicide used alone or in combination with other

methods for site preparation and/or tending).

Traditionally, herbicides have been used in three areas of forest vegetation
management: (i) site preparation; (ii) tending; and (iii) reclamation of backlog

areas.

Site preparation is any form of soil disturbance which is used to precede the
establishment of a tree crop by either artificial or natural methods (Brown,
1983). Its purpose is to prepare microsites for seeds, seedlings, vegetative
cuttings or root suckers, to eliminate competing vegetation and to control
spacing and stocking of the new stand (Brown, 1983). Site preparation is
usually accomplished mechanically, chemically, mechanically and chemically, or

with a prescribed burn (Sutton, 1985).
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Tending is the selective control of weeds (undesirable vegetation) in the
presence of crop trees (desirable vegetation) (Sutton, 1985). Its purpose is to
act as either a pre-release measure, which is a preventative treatment used to
control weeds on the site before the vigour of the crop trees is at risk, or as a
release treatment, which "rescuel(s] established but declining crop trees"
(Sutton, 1985). Tending is usuAaAI!y executed chemically or manually within the
early devel'bpment stage of a stand when tree vigour i1s high and the trees are
more able to take advantage of the changed growing conditions (Newton et al,,

1987).

While both chemical and non-chemical methods for site preparation and tending
have been available to the forest manager in Ontario for decades, the trend has
been towards the use of chemicals, especially for tending purposes. Most
scientists and foresters have observed herbicides to be an extremely effective
and economical tool for the control of competing vegetation (Newton, 1975;
McCormack, 1981; Day, 1984, Stewart et al., 1984; Sutton, 1985; Malik and
Vanden Born, 1986; Walstad et al., 1987). This support for the use of chemical/
herbicides was a factor in the promotion of chemical treatment on Forest
Management Agreement lands in Ontario by OMNR. Indeed, the following
statement appears in the-Ontario Timber Management Planning Manual: "...in
the event that appropriate herbicides are not or cease to be licensed for forestry
use in Ontario, the company's [industry’s] obligation to tend if necessary will no

longer hold" (OMNR, 1986').
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There were five herbicides registered for silvicultural use on the forests of
Ontario in 1991: glyphosate; hexazinone; 2,4-D; triclopyr; and simazine.
Glyphosate (Vision®) was licensed for aerial and ground application for both site
preparation and tending, hexazinone (Velpar-L®, Velpar-ULW® and Pronone®) was
licensed for ground and aerial application, 2,4-D was licensed for aerial and
ground application, and triclo‘pyr (Release®), for ground application (Campbell,
1981). Due to governmental restrictions, constant delays, general controversy
over herbicides and that registered herbicides must be well researched for crop
tolerances and efficacies, the registration of other herbicides for forestry use is
unlikely (Campbell, 1991). Current research addresses environmental and health

issues, long-term crop benefits and effective use of herbicides (Campbell, 1991).

2.2.1 Changing Attitudes to Herbicides in Ontario
The objective of forest management on Crown Lands in Ontano during the
1980s was to "provide for an optimum continuous contribution to the economy

by forest-based industries consistent with sound environmental practices and to

provide for other uses of the forest" (OMNR, 1986").

The Ontarian and Canadian governments worked together to meet this goal with
the Canada-Ontario Forest Resource Development Agreement (COFRDA).
COFRDA was a 50/50 cost-sharing agreement between the two levels of

government which had the following three main objectives:

1. To encourage and support forest management activity in order to
increase the sustainable supply of wood fibre from the forest resource
and ensure the long-term viability and competitiveness of the forest
industry in Ontario;
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2. To improve and increase the utilization of the forest resource to enhance
future forest industry development opportunities; and

3. To contribute to the economic development of the Ontario forest sector,
including the improvement of employment opportunities in the sector
(Smyth and Campbell, 1987).

A system of forest tenure known as Forest Management Agreements (FMAs)
was Introduced as part of Ontario’s Crown Timber Act in 1979. Lands managed
under FMAs had the responsibility for timber management activities, including
regeneration, set primaﬁly on the shoulders of the tenure holder (Roots and
Quinby, 1992). The major advantage for FMA holders was that as regeneration
efforts proved successful, an immediate increase in the sustainable harvest
level could often be realized. However, these agreements were also
dependent on a high level of provincial funding, which in has continued to
decrease (Duckert, 1992). Renewal of these 20-year agreements, which are
subject to review every five years, has been slow, even when the holder has

been shown to meet all of the conditions.

Changing times, ar increase in the public's awareness of the environment
around them, and the expiration of the COFRDA agreement in March 1989,
brought about considerable change in forest management in Ontario. Some of
those changes were reflected in the Northern Forestry Program which was
funded'(i$50 million) under the cost-sharing agreement called the Northern
Ontario Development Agreement (NODA) (Rosen and Kuntz, 1992). While the
COFRDA pushed for supply and utilization of timber resources, the Northern
Forestry Program focused "on providing better tools and management decisions

for Ontario’s forests with both economic and environmental benefits" (Rosen
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and Kuntz, 1992). In addition to these changes at the provincial and
provincial/federal levels, the federal government acknowledged that the care of
the Canadian environment was not only a national obligation, but one which
must be considered on an international, global scale as set out in Canada’s
Green Plan. The Green Plan had over $3 billion in funding available (over five
years) of which a major proportion was to be used to find the most
environméntaﬂy suitable methods to practice sustainable development (Anon,

1990).

In May 1991, the Honourable Bud Wildman, then Minister of Natural Resources,
announced the beginning of "a new system of forest management in Ontario"
based upon a sustainable forestry approach. Sustainable forestry focuses on
the long-term health of forest ecosystems as well as social, cultural and

economic opportunities and benefits (OMNR, 19917).

In an effort to implement sustainable forestry, the government dedicated

additional funding (310 million) to the following new initiatives:

1. Anindependent audit of the province's boreal forest to determine the
level of artificial and natural regeneration in harvested areas;

2. A four-person working group to co-ordinate the development of a
comprehensive forest policy framework, through a broad public
consultation process, by the end of 1992;

3. An old-growth ecosystem conservation strategy to be developed in
conjunction with the scientific community, interest groups and the
public;

4. Community forest projects to be established in four communities to test
options for increasing local involvement in forest management;
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5. Expansion of the province’s silvicultural program through an enlarged
research program and the field testing of alternatives to current
practices, including options to reduce the use of chemical herbicides;
and

6. A private woodlands strategy to promote sustainable forestry on private
lands, mainly in southern Ontario (OMNR, 1991%).

The initiative of interest for thisAstudy was of course the fifth one listed above,
which wod!d yield alternativesfor vegetation management in an effort to reduce
the use of chemical herbicides. The public concern over use of chemicals in the
forest was acknowledged and the infrastructure to provide "environmentally-
sound, effective, cost-efficient and socially acceptable alternatives to chemical
herbicides" was funded (OMNR, 1991%. The Vegetation Management
Alternatives Program (VMAP) was designed "to gradually reduce the
dependence on herbicides in Ontario forest management by developing
alternatives and a better understanding of forest ecosystems through research,
education and field delivery” (Wagner, 1991). In 1991, Ontario forest managers
faced a 20% reduction in aerial application of herbicides. The goal of the Ontario
government was to systematically reduce "dependence on herbicides as new ~
alternatives [were] developed’ (OMNR, 1991?). The integration of new tools
with those available to forest managers would also require more sophisticated

and technical methods of decision-making.
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3.0 METHODS

3.1 ANALYTICAL APPROACH

While a change to the herbicide use policy in Ontario would undoubtedly affect
the growth pattern of individual stands, a method was required which would
provide an indication of the impact on the forest as a whole. Forest-level
analysis using simulation was used to forecast how a forest might evolve in the
event of different scenarios of management. To do this, models meant to
reflect the forest and activities within it were produced "to compress the forest
into a comprehensible format" (Baskerville, 1990). By creating a model which
looks, acts, reacts and accurately represents the variability of a forest, emphasis

can be placed on the processes which drive change in the forest over time.

Model development required the characterization of the present forest
conditions and management techniques. Alternative management strategies
were then devised to reflect possible reactions to herbicide policy changes. To
accommodate the strategic goals set by each alternative, alternative silvicultural
treatments were selected and/or envisioned with changes in vegetation
management efficacy and/or cost, dependent on the management scenario.
Variables were chosen and later used for comparative analysis and the formation

of a logical decision.



20
3.2 TOOLS CHOSEN FOR ANALYSIS

Forest simulation was chosen as the method for this analysis primarily for its
straightforward, bookkeeping approach which allowed a high level of awareness
to how the forest was reacting to various methods of management. A well-
tested simulation program (FO_Rest MANagement - FORMAN (Wang et al.,
1987)) was readily available for use and the forests of Ontario had recently been

characterized for FORMAN.

Thus, by using simulation as a tool, a nearly complete mathematical formulation
of the case-study forest was available, the techniques were easily understood
and useable, and all the steps involved in a simulation could be retraced. The
increased level of understanding of the process and cause-effect relationships

added to the legitimacy of the results.

3.2.1 The FORMAN Model

The FORest MANagement (FORMAN) simulation model is a "sequential
Inventory projection model used in forest level analysis" (Wang et al., 1987).
This model 1s not statistical, but is a bookkeeping and updating device which
allows quantitative representations of the forest dynamics and the management
strategies to be tracked over time (Walker, 1989; Baskerville, 1990; Duinker

etal., 1992).
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The model required extensive data input to describe the present and future
states of the forest as a result of time and/or management techniques, and the
rules and levels of harvest, silviculture and costs. Walker (1989) captured the
methods used in the FORMAN model to describe the forest structure, the
management strategies, and the stages followed in the simulation of a forest in
Figure 2. The formation of the_ forest structure data sets used to reﬂecﬁ reality
(to the highest level possible) determined the level of validity of the results
(Duinker et al., 1992). Only with effective representation of these rules into a
consistent model such as FORMAN could worthwhile forecasts of the future be

made.
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Figure 2. Flowchart of the input and processing steps of the FORMAN model.
(Source: Walker, 1989)
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3.2.2 The FORMANCP Model

FORMANCP (Williams, 1991), a modified version of FORMAN 2.1, was chosen
as the simulation tool for this study. FORMANCP opens links to CROPLAN (a
program developed by Williams (1991) which creates and examines the files for
Benefit Cost Analysis (BCA) necessary for running FORMANCP), has run-time
graphics, and includes discounted values of harvest and silviculture costs,
harvest value and present net worth values for forecasts (Williams, 1991).
Otherwise, FORMANCP produces identical results to FORMAN 2.1; however,
the addition of run-time graphics and the calculation of discount and present net
worth values greatly enhances the usefulness of the model and sharpens the

analysis of alternative management scenarios for a forest.

3.3 THE CASE-STUDY FOREST

The Seine River Forest Management Unit (SRFMU) was selected as the case- /
study forest. The SRFMU, managed under a Forest Management Agreement
(FMA) by the Fort Frances Division of Boise Cascade Canada Ltd., is located
within the Fort Frances District of the Northwest Region of Ontario (Figure 3).
The total area of the SRFMU is 280 273 ha of which 46 373 ha are water and
267 221 ha are Crown land. Of the available Crown lands, 650 ha are non-

forested and 25 722 ha are non-productive forest (Table 2).
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The production forest (194 476 ha) is dominated by jack pine, black spruce and
trembling aspen (Table 3). The primary product from the forest was softwood
(jack pine and spruce) with only a small amount of hardwood (poplar) used.
Thus, all vegetation competing with softwood regeneration, except on
hardwood sites, was considered competition; primarily poplar, pincherry, birch,
raspberry and grasses. An in-c_iepth account of the respective producti\{e forest

and protecﬁtion forest areas is provided in Appendix ll1.
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Figure 3. Map of the Seine River Forest Management Unit and the surrounding
area of Northwestern Ontario.
(Source: Boise Cascade Canada Ltd.- Fort Frances Div., 1991)
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Table 2. Summary of the total area of the Seine River Forest Management Unit

as of 1991.
LAND CLASS AREA (ha)
Water | 46 373
Non-forested land. 650
‘Forested land Non-productive 25722
Productive 194 476
Total 267 221

(Source: Boise Cascade Canada Ltd.- Fort Frances Div., 1991)
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Table 3. Summary of all the productive areas by tree species in the Seine River
Forest Management Unit as of 1991.

Working Group Protection Production Total
Species Forest Forest

(ha) (ha) (ha)
White Pine (Pw) 0 969 969
Red Pine (Pr) 0 1304 1304
Jack Pine (P)) 214 74572 74786
Spruce-all (S) 0 253 253
Black Spruce (Sb) 946 53705 54651
White Spruce (Sw) 0 253 253
Balsam Fir (Bf) 99 10945 11044
White Cedar (Ce) 129 2402 2531
Tamarack (L) 18 70 88
Ash (A) 0 98 98
Soft Maple (Ms) 0 1636 1636
Trembling Aspen (Po) 426 36755 37181
Black Poplar (Pb) 0 98 98
White Birch (Bw) 398 9186 407
Total 2230 192246 194476

{Source: Boise Cascade Canada Ltd.- Fort Frances Div., 1991)

3.3.1 Representing Forest State for Modelling

As with any simulation model, the present state of the forest must be
represented, as well as the rules by which change would occur, in the form of a
mathematical model. The present state of the study forest was reflected with

the following parameters:
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1. FEorest type (forest areas dominated by one species of tree (working
group));

2. Aggregate group (sub-groupings of forest types separated on the basis
of stand composition and stocking);

3. Aggregate number (sub-groupings of aggregate groups based on site
class);

4. Age class (sub-groupings of aggregate.numbers based on five-year age
classes); and ‘ )

5. Volume development patterns (curve sets used to describe the net

merchantable volume (NMV) of coniferous and deciduous components
per hectare over stand age for each aggregate number).

3.3.2 Forest Type Aggregates

Forest type aggregates were compiled and aggregated from 1985 Ontario
Forest Resource Inventory (FRI) data updated to the end of 1990 for depletions
and free-to-grow status. While FRI data are not the most suitable database for
forecasting and forest-level analysis (FRI stand interpretation was done by aerial
photo interpretation with photo scales of 1:15 840 and only minimal ground-
truthing, and was never intended for use in simulation models), it was the only

account of the study forest's resources available in the Seine River Forest.

Each of these forest types was simulated separately to add a higher level of
control over changes in management made w'thin each type. To aid the reader
in comprehending the assumptions made in forming the respective aggregate

groups and aggregate numbers, the explanations are noted by forest type.
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Table 4. The area and percent of the total area of forest types being managed

in the Seine River Forest Management Unit.

FOREST AREA
TYPE

Hectares Percent
Spruce/Fir 66 888 38
Jack-Pine 74 983 42
Poplér 35 866 20
Total 177 737 100

3.3.2.1 Jack Pine Aggregations

The jack pine forest type occupied 42% of the total area (74 983 ha), of which

the majority was mature to overmature (Figure 4). The jack pine (P]) aggregate

groups reflect conditions used by Boise Cascade managers to decide on

methods of management for regenerating the sites. These conditions, which -

were also used for the aggregation of the spruce and poplar forest types,

include:

site class: identified through age-height relationships of a stand’s
working group species which are compared to species specific site
class curves prepared by Plonski (1981). Order of site class in terms of

productivity, from highest to lowest, are: X, 1, 2, .and 3 with site class
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Figure 4. Age class distribution of the jack pine forest type and the typical
present and future volume development patterns used.
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representing any poor site (shallow soil) regardless of age-height numbers;

» coniferous and/or hardwood component: determined through

summarization of a stand’s species composition; and

+  stocking of stands: values representing the relationship of a stand’s

actual volume to Plonski’'s {1981) normal volume.

The three aggregate groups formed were Pj-1, Pj-2 and P}-3 (Table 5;

Appendix V).

Pj-1 Aggregate Group: Jack pine aggregate group Pj-1 is made up of stands
having a P} Working Group (WG) and an overall stand composition of coniferous
trees only (i.e. the stands are all 100% coniferous). While the original intention
was to break this aggregate group into stands with stocking greater than or
equal to (ge) 70% and stocking less than or equal to {le} 60%, analysis of the Pj
stands revealed that there was an insignificant area with stocking le 60%. /
Consequently, those areas were both incorporated into the Pj-1 aggregate
group. This area was separated into site classes X+1, 2 and 3 to produce
aggregate numbers 1, 2 and 3 respectively. As with the formation of the forest

types, the information used for producing all of the detailed aggregate groups

and aggregate numbers also came from the 1991 FRI.
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Pj-2 Aggregate Group. The Pj-2 aggregate group is composed of stands with a

coniferous component of ie 70%. Aggregate Numbers 4, 5-and 6 relate to site

classes X+1, 2 and 3 respectively.

Pj-3 Aggregate Graup. All Pj stands with an 80.or 90% coniferous component
are contained in aggregate group Pj-3. Aggregate Numbers 7, 8 and 9 were

formed after the group was divided into site classes X+1, 2 and 3 respectively.
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Table 5. Summary of the rules for and the stratification of the Jack Pine forest

type in the Seine River Forest Management Unit.

Aggregate | Aggregate Stand Component Stocking Site Class Area
Group Number Coniferous  Hardwood (hay
Pi-1 1 100% 0% ge 70% X &1 2 496
2 2 25 963
3 3 2 880
Subtotal 31 339
Pj-2 4 le 70% ge 30% nc X&1 1450
5 2 10 937
6 3 896
Subtotal 13 283
Pj-3 7 800r90% | 10o0r 20% nc X &1 2 985
8 2 24 225
9 3 3 151
Subtotal 30 361
Total 74 983

nc - not considered

ge - greater than or equal to

le - less than or equal to
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3.3.2.2 Spruce Aggregations

The Spruce forest type (Sp) was also mature, but on average, was assumed to
maintain volume (Figure b). Spruce was originaily envisioned to include only
black and white spruce since there were no differences in the management
strategies used by Boise Casca_de for these two forest types. However, since
Bf was uséd interchangeably with Sp at the mill and all the Bf sites were to be
converted to black spruce after harvest, it was assimilated into the Sp forest

type as well {Table 6; Appendix V).

Spruce Forest Type Aggregations. The spruce aggregate groups were formed

based on site class, coniferous and hardwood component, stocking of stands,
and presence of balsam fir. The spruce forest type was divided into five

aggregate groups: Sp-1, Sp-2, Sp-3, Sp-4 and Sp-b.

Sp-1 Aggregate Group. The Sp-1 aggregate group is composed of stands having

a 100% coniferous component of which ge 50% is black spruce, and stocking is
le 60%. The group was split into site classes X+1, 2 and 3 to yield aggregate

numbers 10, 11 and 12 respectively.

Sp-2 Aggregate Group. The Sp-2 aggregate group is similar to Sp-1 except that
stands have stocking values ge 70%. Dividing the group into site classes X+1, 2

and 3 yielded aggregate numbers 13, 14 and 15 respectively.
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Figure 5. Age class distribution of the spruce forest type and the typical present
and future volume development patterns used.
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Sp-3 Aggregate Group. The Sp-3 aggregate group is composed of stands with a

coniferous component of le 70%. The group was divided into site classes X+1
and 2 (there was no site class 3) which were then labelled as aggregate

numbers 16 and 17 respectively.

Sp-4 Aggregate Group. The Sp-4 aggregate group is made up of stands with an

80 or 90% coniferous component. The area was then divided into aggregate

numbers 18 and 19 which represent site classes X+1 and 2 respectively.

Sp-b Aggregate Group. The Sp-b aggregate group is composed of stands with a

Bf working group. Division of the area by site classes X+1 and 2 yielded the

aggregate numbers 20 and 21 respectively.
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Table 6. Summary of the rules for and the stratification of the Spruce/Fir forest
type In the Seine River Forest Management Unit.

Aggregate Aggregate Stand Component Stocking Site Class Area
Group Number Coniferous | Hardwood (ha)
Sp-1 10 VTOO% 0% le 60% X &1 4275
{Sb ge 50%)
11 2 6175
12 3 1 848
Subtotal 12 298
Sp-2 13 100% 0% ge 70% X &1 7 008
(Sb ge 50%)
14 2 3 056
15 3 629
Subtotal 10 693
Sp-3 16 le 70% ge 30% nc X &1 10975
17 2 1593
Subtotal 12 568
Sp-4 18 800r90% | 100r20% nc X &1 17 079
19 2 2 331
Subtotal 19 470
Sp-5 20 nc nc nc X &1 10 870
21 2 989
Subtotal 11 859
Total 66 888

nc - not considered
ge - greater than or equal to
le - less than or equal to
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3.3.2.3 Poplar Aggregates

The poplar forest type (Po) is composed of stands having Poplar as their WG.
The age class distribution of the Po forest type was on average immature to
mature (Figure 6). One aggregate group was initially considered for conversion
to black spruce (Po stands with spruce and/or pine making up 50% of the stand
componeni). However after simulating the Po forest type, it was found that this
conversion was unnecessary and likely improbable, especially in consideration
of planting stock shortages and the more important need to convert BF stands
to spruce. Planting of spruce was therefore allocated to the spruce forest type
only. The final decision was to manage all Po sites with natural regeneration as

the silvicultural prescription (Table 7; Appendix V).

Poplar Forest Type Aggregations. The poplar aggregates were created from

conditions of site class, coniferous and hardwood component, and stocking of
stands. The aggregate groups formed from the poplar forest type were: Po-1,

Po-2, Po-3 and Po-4.

Po-1 Aggregate Group. The Po-1 aggregate group is composed of stands with a

hardwood component ge-60% and stocking of le 40%. Division of the area into

site classes 2 and 3 yielded the aggregate numbers 22 and 23 respectively.
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Po-2 Aggregate Group. The Po-2 aggregate group is composed of stands with a

hardwood component ge 60% and stocking ge- 50%. The area was divided by
site classes 1, 2 and 3 which formed aggregate numbers 24, 25 and 26

respectively.

Po-3 Aggregate Group. The Po-3 aggregate group is composed of stands with a

hardwood_'component le 50% and the presence of Bf in the stand composition.
Division of the area by site classes 2 and 3 produced aggregate numbers 27 and

28.

Po-4 Aggregate Group. The Po-4 aggregate group is composed of stands with a

hardwood component of le 50% and the presence of P} and/or Sp in the stand
composition. Site classes 28 and 30 are represented in aggregate numbers 29

and 30 respectively.



41

Table 7. Summary of the rules for and the stratification of the Poplar forest type
in the Seine River Forest Management Unit.

Aggregate | Aggregate Stand Component Stocking | Site Class Area
Group Number Coniferous Hardwood (hal
Po-1 22 lé 40% ge 60% le 40% 2 . 2 643
23 ] 3 1197
Subtotal | 3834
Po2 | 24 le 40% ge 60% ge 50% X &1 1220
25 2 13 799
26 . 3 10 450
Subtotal 25 545
Po-3 27 ge 50% le 50% ne 2 2103
Bf present
28 3 3158
Subtotal 5 261
Po-4 29 ge 50% le 50% nc 2 457
Pi/Spruce
30 3 845
Subtotal 1302
Total 35 866
Grand
Total 177 737

nc - not considered

ge - greater than or equal to

le - less than or egual to

Bf - balsam fir; Pj - jack pine; Spruce - white or black spruce
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3.3.3 Volume Development Patterns

Volume Development Patterns (VDPs) were required to represent the guantity
of net merchantable volume in cubic metres (NMm?®) which would grow in each
aggregation as a function of time. The VDPs used to represent the SRFMU in
its present, future, regeneration and spacing (pre-commercial thinning) states
were taken wholly, or in part, from the NorthWestern Ontario FORMAN Forest
Class Definitions (NWOFFCD) developed by Thompson (1990) of the Ontario

Ministry of Natural Resources (OMNR).

The VDP set produced by Thompson (1990) was based solely on natural stands
(i.e. stands not previously harvested). Neither Not Sufficiently Restocked stands
(NSR stands) or harvested stands regenerating in the free-to-grow (FTG) state
were included in his compilations. Thompson (pers. comm., 1991) noted that
the VDPs were based on FRIs completed for the SRFMU from 1981 to 1985.
Primary (softwood/coniferous) volumes consisted of combinations of jack pine,
spruce-all, white spruce, black spruce, balsam fir, white pine, red pine and larcf;
while secondary (hardwood) volumes were based strictly on poplar. Volume
estimates for periods from 120 to 200 years were based almost entirely on

professional judgement.

The methods used by Thompson (1991) to adjust the stocking levels of stands
to a uniform level had some problems, primarily due to the complexity of the
procedure used (Appendix VII). In addition to stocking, the aggregation of a

variety of combinations of site classes led to very generalized estimates of
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volume. While the VDPs identified some forest classes (Note: Thompson's
forest classes are referred to as aggregate numbers in this study) as having a
poor productive capacity, this was likely due to the mixture of high and low
productivity sites (e.g. aggregation of site classes X, 1, 2 and 3) into one
aggregate. Since the curves must represent the various production potentials,

the overall potential was unduly low for some sites and high for others.

The aggregations for the SRFMU were the result of finer divisions than those
that the NWOFFCD vyield curves were based on, so adjustments were required.
The changes made were based on the expertise of the Boise Cascade
managers, professional judgement and review of literature. Initially, percentage
tactors were applied to the NWOFFCD vyield curve sets. However, a number of
the yield curves chosen were modified further. For example, the Pj optimized
regeneration and spacing vield curves were based entirely on professional

judgement and review of literature.

The jack pine aggregations (aggregate numbers 1 to 9) were given optimistic
regeneration VDPs. The volume production potential of the sites were adapted
from spacing trials studied and projected to sixty years by Bell et al. (1990)
(Appendix VIll). Approximately 75% of the volumes found by their projections
were used as volumes for the jack pine VDPs. This factor was used to reflect
final stand stocking of 80% which exists on most Pj plantations where the
plantation stock has grown free of competing vegetation (e.g. poplar) in the
crown layer or is Free-To-Grow (FTG) in Ontario (Willcocks et al., 1990) and

another 5% to show some conservatism. | believe the result more closely
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reflected the true productive potential of the individual aggregates while still

maintaining the overall forest level productivity.

The VDPs used to describe the dynamics of the present management system,
along with the present area/age class structure and operability limits for each
aggregate, are found in Appendix IX. To aid the reader, the VDPs were grouped
by aggregate number to allow for easy scanning from present state to bossible

future states resulting from the particular management regime.

3.3.3.1 Assumptions

Due to limited empirical data for the present forest and especially for the future
forest and that the future can never be fully known, many assumptions had to
be made regarding the development of the forest aggregates. The assumptions

are as follows:

1. Volume development patterns derived from analysis of 1889 FRI data by
the Ontario Ministry of Natural Resources (the Northwestern Ontario
FORMAN Forest Class Definition (NWOFFCD) yield curve set) provided

the initial estimates for aggregation productivity;

2. Aﬁer the aggregate groups were formed, the Boise Cascade managers

pointed out which set of curves best fit each aggregate group using
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expertise and knowledge of the SRFMU and results from management

practices. Assumptions developed are as follows:

(i) Present and Future Yield Curves
All the present and future yield curves were based on the
NWOFFCD vyield curve set except for the Sp-5 aggregate group.
According to specific conditions within aggregates, each o-f the
curves was scaled. Sp-b (balsam fir) VDPs were created with
professional judgement and literature which both supported greater
potential productivity than expressed in the NWOFFCD yield curve

set.

(i) Artificial Regeneration Yield Curves

Pj Forest Type: Artificial regeneration yield curves for the Pj forest
type were made by modifying NWOFFCD yield curves, based on
curves derived to 60 years by Bell et al. (1930) (Appendix V). The
assumption used was that 75% of the volumes recorded by Bell et
al. (1990) (75% represented an average stocking of 80% less 5%
for a conservative estimate for Pj plantations) of the curves
‘presented by Bell et al. (1990) as the maximum volume at 60 years.
The curves were then projected to higher values based on Plonski’s
Normal Yield Tables (Plonski, 1981) and reduced to NMm?® based

on Ontario cull tables (Morawski et al., 1958).



46
Sp Forest Type: Regeneration yield curves for the Sp-5 aggregate
group {balsam fir) were devised by the author with the aid of
supporting literature (Payandeh et al., 1989). Regeneration curves
for Sp (other than Sp-5) and Po are modifications of the NWOFFCD
yield curve set; percentage factors were used to increase/decrease
the volume estimates based on the expertise of Boise cas_cade

managers.

(i) Spacing Volume Development Patterns
Spaced Pj and Pr sites have identical development patterns to those

they are originating from, except that they become operable 10 to

15 years earlier.

(iv) Pr Regeneration Volume Development Patterns
Red pine VDPs were formed from the Plonski red pine (Pr)
plantation curves (Plonski, 1981). Cull was assumed to be zero for
ages younger than 100. Percentage factors were used to reduce
the estimates of volume growth to reflect the different growing
conditions of the SRFMU (i.e. plantation sites would be on
‘cutovers, not abandoned farmland; the SRFMU has a more

northerly location).

While the assumptions listed above were a source of concern for the long-range

projections made in this study, they also served to point out areas where more
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research was required. Less dependence on questionable assumptions will
ultimately lead to more accurate forecasts. However, Ontario can not afford to
move blindly from one forest management system to another. By using
assumptions based on professional jJudgement and available research

information, a plausible view of the future can be achieved.

3.3.4 Present Strategy of Management

The present strategy of management, from here on referenced as the Business-
As-Usual (BAU) scenario, reflects Boise Cascade’s system of management used
on the SRFMU under normal operating conditions. This management strategy

involved wood supply, silviculture, and weed control objectives.

3.3.4.1 Wood Supply

Harvest scheduling followed a policy of minimizing softwood volume loss in
softwood dominated sites and minimizing hardwood volume loss in hardwood
sites. The annual required wood-supply from the SRFMU was 300 000 NMm?
of wood-fibre: 240 000 NMm?® of coniferous wood, (140 000 NMm? from the
jack pine forest type and 100 000 NMm? from the spruce forest type) and a
hardwood (poplar) volume of 60 000 NMm? obtained both indirectly from

softwood sites and directly from hardwood sites. The harvest area necessary to
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sustain this wood-fibre requirement was approximately 2 200 ha/yr based on

past experience.
3.3.4.2 Vegetation Management

Vegetation management efforts on the SRFMU were influenced by the FMA,
wood-fibre needs (primarily softwood) as previously discussed, and the
competition problem the included site preparation, method of regeneration,
species planted or seeded, and harvest area (ha/yr). Site preparation (SIP)
occurred on 86% of clearcut harvest treatments (1 900 ha/yr), of which 1 600
ha/yr is mechanical and 300 ha/yr is mechanical and chemical SIP. Regeneration
of the harvested area included 11% to natural regeneration (200 ha/yr), 17 %
was planted (400 ha) which was evenly split between Pj and Sbh, 69% of the
harvested area (1 500 ha/yr) was seeded to jack pine, and 3% of the harvest

area (100 ha/yr} was lost to roads and landings.

Herbicide Program: The weed control program consisted of site preparation and
tending. Chemical site preparation was allocated to 300 ha/yr; 90% (270 ha/yr)
aerially applied and 10% (30 ha/yr) by ground application methods. Tending was
performed on 1 200 ha/yr with aerial application of herbicide (Vision®). Funding
for the weed control program was considered to be sufficient to implement all
needs. A complete account of the silvicultural prescriptions and their associated

costs is given in section 3.4.
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3.4 SILVICULTURE PRESCRIPTIONS AND ASSOCIATED COSTS

Silviculture prescriptions are workingAhypotheses of what treatment or
treatments are necessary to produce a desirable outcome (Tappeiner and
Wagner, 1987). For the BAU scenario, thesiiv-icu!tural prescriptions were based
on the proéedures used by Boise Cascade, while for the alternative scenarios,

the prescriptions included alternative silviculture treatments not currently used.

Silvicultural prescriptions used included one or a combination of:
(i) site preparation (mechanical, chemical or mechanical and chemical);
(i) regeneration (natural, seeding or planting);
(i) tending (chemical treatment two years after establishment, two and
five years after establishment, or three years after establishment); and
(iv)  pre-commercial thinning (on virgin, natural, or seeded sites 10-20 years

after establishment).

The intensity of silvicultural prescriptions was dependent on the potential for
hardwood competition on the sites. Thus, poplar stands received no silvicultural
treatments while sites with high poplar components (e.g. aggregate groups Pj-2

and Sp-3) received the most intensive silvicultural prescriptions (Table 9).
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Table 8. Summary of silvicultural treatments and their assumed costs used In
the construction of management scenarios.

Category Type Specifics Acronym Cost
($/ha)
Regeneration  Natural N $0.00
Seeding S $7.00
Planting p $630.00
Planting P-L $700.00

Large Stock

Site Mechanical  Light M $170.00
Prepa