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ABSTRACT

Plinte, RM. 1995. Indicators of Forest Sustainability for Ontario Boreal Forests: A
First Approximation. M.Sc.F. Thesis. Faculty of Forestry, Lakehead University,
Thunder Bay, Ontario, Canada. 181 pp. Supervisor: Dr. Peter N. Duinker.

Key Words: adaptive management, biodiversity, ecosystem management,
environmental impact assessment, forest management planning, forest indicators,
forest sustainability, geographic information systems, landscape ecology, Ontario,
societal values, sustainable development.

If humankind is to cope with the cumulative effects of its expanding populations on
the earth’s ecosystems, a new relationship is required with natural systems. Serious
adoption of the concepts of forest sustainability and adaptive management of forest
ecosystems has meant a shift from a commodity focus in forest management to a
focus on maintenance of ecosystems. A key step within an adaptive management
framework is to identify indicators of essential ecosystem features. Forest managers
thus need to identify and apply indicators that can show whether forest sustainability
is being achieved.

The working definition of forest sustainability developed and incorporated in this
project is that a forest, to be sustainable, will retain its essential ecological
composition, functions, and patterns, which support the full range of societal values,
in both the present and the long-range future. Indicators were determined by
developing measures for ecosystem features critical to ecosystem function and that
satisfy a broad range of public values. Public involvement in this process included
circulation of a preliminary suite of indicators, and a workshop to priorize indicators
for development. Economic values were not directly considered in the study.

Indicator development and application are embedded in the principles of landscape
ecology, necessary for the implementation of an ecosystem management philosophy.
A first-approximation set of indicators designed for application to the managed
boreal forests of Northern Ontario is presented, as well as a test application of the
indicators to a boreal forest near Thunder Bay. Indicators identified and tested in
relation to wilderness are remoteness, size of wilderness, and naturalness. Indicators
presented in relation to biodiversity are: forest cover type diversity, forest age
diversity, forest fragmentation, old growth forest and old growth interior forest
fragmentation, forest edge length, and habitat supply for specific species - marten.
Finally, road-related indicators identified and tested are road density, and forest
conversion by roads and landings.
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Recommendations for operational use of sustainability indicators in forest planning
include the following. The public must be involved in the choice and formulation of
indicators. Existing digital FRI databases, although problematic in some respects, can
be an adequate starting point for indicator measurement. As a key component of
managing for forest sustainability, indicator measurement will require additional
personnel and effort.

Although indicator development and use will require more effort and money,
development of at least a few indicaors for each forest management unit in Ontario
should begin immediately. Indicator development is hampered by serious deficiencies
in biophysical and socio-economic understanding of boreal forests. Indicators must
be tested on a range of forecasts for the future structure of forests, under alternative
management strategies. Since forest sustainability has become the first priority for
forest managers, they will have to demonstrate to the public their success in the
achievement of forest sustainability.
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CHAPTER 1: INTRODUCTION

Adaptive management is conceptually popular among foresters in Canada. This
form of management (see: Holling 1978; Baskerville 1985, 1993; Walters 1986; Lee
1993; Ontario Forest Policy Panel 1993) acknowledges the great uncertainties
inherent in managing large ecosystems for long periods into the future, and embodies
processes that force learning to occur while management takes place. Management
of the system itself becomes the subject of investigation, a vital source of knowledge
for improving the care given to ecosystems while they are being used to meet
people’s needs and desires.

Adaptive management of natural resources and ecosystems is a hollow platitude
unless: (a) explicit system-level objectives are set for all key values of the system
being managed; (b) one or more quantitative indicators are defined for each
objective; (c) explicit models are used to create forecasts of the expected future for
each indicator in response to alternative action sets; (d) one of the analyzed action
sets is chosen and implemented; (¢) measurements are taken of action
implementation, subsystem responses to individual actions, and whole-system
responses to the whole action set; (f) measured data are compared with forecast data,
differences noted, and reasons for the differences unearthed; and (g) new objectives
and action sets are designed and implemented based on the new knowledge.
Unfortunately, many who claim to espouse and practice adaptive management of

forests are not following such basic protocols for active learning. If they are, they are



keeping their progress a well-kept secret!

Enter "sustainable development". As a concept and basic truism, sustainable
development has become popular with policy-makers and analysts in the resource
management field, and indeed with most citizens in developed countries, in the late
1980s and early 1990s. The most widely heralded definition of sustainable
development is "development that meets the needs of the present generation without
compromising the ability of future generations to meet their own needs" (WCED
1987). Perhaps sustainable development is an oxymoron - how can development (i.e.,
growth) be sustainable over the long term? To keep a strong emphasis on ecosystem
health, the concept of forest sustainability, or ecosystem sustainability, is being
promoted (Ontario Forest Policy Panel 1993; SAF Task Force on Forest Health and
Productivity 1993). Forest sustainability requires that forests be kept in "good
condition". This means that "good condition" must be defined, and forests must be
managed in such a way that the good condition is maintained (Ontario Forest Policy
Panel 1993).

Much attention has been given by Canadians to try to make the concept of
sustainable development operational. People in the forest sector have been
particularly busy in this regard (a review is given later), promoting such concepts as
ecologically sustainable forestry.

Thus, the emphasis on indicators of forest sustainability (or of related concepts
such as sustainable forest development and sustainable forestry) stems from two
sources: (a) the increasing importance of practicing real adaptive management; and

(b) the urgency of maintaining or recreating sustainable forests. The public, as
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collective owner of much of Canada’s forest lands, is demanding that forest managers
and policy-makers manage forests sustainably. The definition of forest sustainability
developed in this project is that a sustainable forest will retain its essential ecological
composition, functions, and patterns, which support the full range of societal values,
in both the present and the long-range future. How can the managers and policy-
makers know when they are achieving this aim? Clearly, they must have a suite of
quantitative indicators of forest sustainability, they must set explicit objectives for
those indicators, and they must take action to achieve the desired indicator target
levels consistent with the objectives.

The purpose of this research project was to develop and test a first-
approximation suite of indicators of forest sustainability. The project centred on
forest-related values of society not directly linked to economic values, since there is
already plentiful information about timber supply and economics, and also to keep
the project to a reasonable size. While there seems to have been much activity in the
indicator development realm, examination of the situation led me to conclude that
the results have not been particularly useful to practicing forest managers, for a
variety of reasons. The project entailed a wide-ranging literature review and a
stakeholder workshop which provided ideas on promising indicators, and a case study,
which assisted in the determination of the feasibility of implementing each proposed
indicator. Results from this investigation include: (a) a background to forest
sustainability and a rationale and description of the proposed indicators; and (b) the
details of the case study which demonstrates the application of the indicators to a

working forest, 770,000 ha in size, 40 km north of Thunder Bay.



CHAPTER 2: BACKGROUND

FOREST SUSTAINABILITY - CONCEPTS

Many people feel more comfortable with the concept of forest sustainability
than with sustainable development. The latter implies that development will indeed
occur as humanity carries on with normal social and technical processes, so the key is
to make sure that the quantity and quality of development are such that the various
systems that support development are not eroded. Placing either the economy or the
environment first sends a powerful message to all concerned about the appropriate
focus for concerted action. For many countries, economic development is required
for lifting the human condition out of war, ignorance, disease, and famine at the same
time as environmental rehabilitation occurs. Some environmental systems or
ecosystems require rehabilitation if they are to support continued development of the
human species.

Placing the economy first, one interpretation of the Brundtland Report, may be
seen as continuation of the status quo of sustained economic growth along with some
environmental consideration. This strategy is a danger to society because there are
limits to the biosphere’s ability to withstand uncontrolled economic growth projected
to occur within the next hundred years (Meadows and Meadows 1972; Schumacher
1973; Daily et al. 1994; Wetzel and Wetzel 1995). We have already overshot the

limits in some cases, and we are currently reducing our options for global
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sustainability (Meadows et al. 1992). Major detrimental impacts presently affecting

the globe include ozone layer depletion, acid rain, climate change, soil degradation,
habitat loss, and species extinctions (Ehrlich and Ehrlich 1981; Brown 1992; McNeely
1992). There seems to be an unwillingness (or an inability) in many countries to
recognize, and take effective action to deal with negative effects on the sustainability
of the natural resources upon which our economic development, and ultimately our
survival, depends.

For relatively healthy economies (recessions and gross public debts
notwithstanding) such as those enjoyed in Canada, it seems more reasonable to focus
on addressing the dire consequences of the problems created by the classic
industrially-based economic paradigm, and "...the reality of ecological limits to
material growth..." (Rees 1990). An alternative paradigm is ecological economics
which seeks to manage for humanity and the biosphere within one system, rather than
the traditional anthropocentric perspective of concentrating on short-term outputs
and human benefits (Costanza et al. 1991). Environmental economics agrees with
this view, but supports the use of classical economic tools to assist in environmental
decision-making (Tisdell 1991). Daly and Cobb (1989) have also criticized the free-
market system, as well as globalization, for being the root cause of our crisis, and
argue for support and re-building of community to get us on the path to
sustainability.

These alternatives represent preferable strategies to prevent further erosion of
the integrity of ecosystems, and the quality of life. From this perspective of

sustainable development, a number of general principles have been derived (adapted
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from TUCN/UNEP/WWF (1980), WCED (1987), and ORTEE (1990)):

1) The consideration of a diverse range of values and benefits of natural resources.

2) The maintenance of essential ecological processes and life support systems.

3) Living off the interest produced by natural resources while conserving its capital.

4) Extending planning considerations to several generations into the future.

S) The expansion of spatial consideration of environmental impacts to regional and
global scales.

Implementing these principles in the resource sector will require major changes
in resource management. A "strategy for sustainable living" has been developed by
the TUCN which strives to put principles of sustainability into action
(IUCN/UNEP/WWF 1991). A comprehensive approach is required such as the one
encompassed in holistic resource management (Savory 1988) which considers the
integrity of entire ecosystems, not only individual resources. Ecosystem management
is a philosophy or approach to resource management that focusses on ecosystem
sustainability, and is receiving increasing attention in the literature (LeMaster and
Parker 1991; Aplet et al. 1993; Ontario Forest Policy Panel 1993; Grumbine 1994;
Irland 1994; Kaufmann et al. 1994; Maser 1994).

Ecosystem management will require the holistic philosophy and practice of
landscape ecology which integrates human activities with the natural environment,
functioning within one all-encompassing "total human ecosystem” (Naveh and
Lieberman 1994). The complex interactions of biological, physical, and socio-cultural
components of landscapes, and the interventions by humans are handled through the

application of systems theory. For example, a landscape ecology approach has been
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applied to forest management planning in British Columbia to create a holistic forest
strategy (Hammond 1991). If we are to adopt the encompassing approach of
landscape ecology, geographic information systems (GIS) will be an indispensable
tool (Haines-Young et al. 1993). GIS have the potential capability to integrate many
different types of both spatial and non-spatial data across a range of landscape scales.

"Forests first" is a theme that is beginning to pervade Canadian thinking on
sustainable forest development. Witness these statements:

"Our goal is to maintain and enhance the long-term health of our forest

ecosystems, for the benefit of all living things both nationally and globally, while

providing environmental, economic, social and cultural opportunities for the

benefit of present and future generations" (Anonymous 1992).

"Our goal is to ensure the long-term health of our forest ecosystems for the

benefit of the local and global environments, while enabling present and future

generations to meet their material and social needs” (Ontario Forest Policy

Panel 1993).

"Members of the Ontario Forest Industries Association envision a future in

which recognition of the inherent value of a healthy forest environment is

foremost and in that context, a variety of human needs are met" (Ontario Forest

Industries Association 1993).

"Within a framework of resource sustainability and maintenance of ecological

integrity, Ontario will rebuild and sustain a globally competitive forest products

industry . . ." (Forest Industry Action Group Steering Committee 1993).

Clearly, Canadians, and Ontarians in particular, want forest managers to work
first on securing forest sustainability. What does this mean? It means keeping
forests as forest ecosystems (and not agricultural or industrial or other kinds of
ecosystems), and secondly keeping forest ecosystems in good condition (Ontario
Forest Policy Panel 1993). This is a shift from earlier thinking in forest management,
which was dominated for many decades in North America by forest goods and

services (SAF Task Force on Forest Health and Productivity 1993). These goods and
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services reflect the values people place on forests, e.g., timber, water, meat, fur and
hides, berries and mushrooms, moss, peat, recreational activities, spiritual and
cultural fulfilment, erosion control, wildlife habitat, and many others.

Until recently, forest managers focused largely on wood supply and economic
benefits derived from timber. Even in the 1980’s, the management of non-timber
values was not well integrated with timber management in Ontario (Baskerville 1986;
Payne 1990). Non-timber values are often treated as constraints to timber
production, and they rarely have had explicit objectives set for them (Duinker 1989).
The class environmental assessment for timber management on crown lands in
Ontario, recently completed (Koven and Martel 1994), addressed timber
management, as opposed to forest management. Perhaps the Crown Forest
Sustainability Act enacted in 1994 (Crown Forest Sustainability Act 1994) will
improve this situation, with its requirement for identifying indicators of forest
sustainability. Without recognition and tracking of important environmental and
social values, such as biodiversity and spiritual aspects, there is the risk of damaging a
forest’s potential. Current planning establishes minimal option sets for the future,
resulting from inadequate planning for non-timber values, and thus suffers from a
lack of creative solutions to meeting the diverse demands of a democratic society.

Based on the first principle of sustainable development presented above, societal
values, or the ways in which people value forests, are one of the keys to the
interpretation of the forest sustainability paradigm. A trans-disciplinary framework is
needed which is inclusive of the broad range of existing and future values. Enlarging

the spectrum of values and benefits included in planning, and thus expanding the
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indicator suite, widens the window of forecasting environmental impacts, and helps
expand the future options. Societal values depend upon critical forest ecosystem
features. A critical forest ecosystem feature is a component ar characteristic of a
given forest that is an essential contributor to healthy forest ecosystem condition and
dynamics. Public forest stakeholders need to be involved in the process of
illuminating the full spectrum of societal values.

Values may be activity-related or activity-independent, depending on the nature
of the value. For example, wilderness recreation value may be satisfied through
wilderness canoeing, while existence value may be satisfied simply by knowing that
wilderness areas exist and are fully functional. Specific forest activities depend upon
particular critical forest ecosystem features. Settings are the forest surroundings
which possess particular characteristics, linked to critical forest ecosystem features,
required for the pursuit of forest activities. People pursue opportunities in forests,
which are the combination of activities carried out within forest settings, for the
realization of values (Manfredo et al. 1983).

Some activities, related to timber management in this project, impose impacts
upon critical forest ecosystem features. For example, roads can impact upon
wilderness extent, fragmentation of forest landscape, or the level of forest edge. In
light of the above reasoning, identification and measurement of the level of critical

forest ecosystem features will provide indicators of forest sustainability.
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ili

A focus on forest sustainability means gauging the condition of the forest

ecosystem itself, and not on the uses that people make of forests. A key element of

forest condition is its ability to continue to satisfy specific human needs and values

over the long term. The following principles about system sustainability apply to

forests:

1.

Indicators can pertain to a system’s productivity, i.e., to the quantities and
qualities of goods and services the system provides, or to the system’s condition,
i.e., its state in relation to desired conditions and its ability to produce specified
goods and services.

In addition to actions required to take goods and services from a system,
management actions may be required to keep systems in a "healthy” condition.
This is especially true where pollution, climate change, pathogens, and other
stressors are having increasing impacts.

Some characteristics of a system have little or nothing to do with its state of
"health” or condition. The colour of a car, or length of a person’s hair, while
descriptive of these systems, have little to do with their system’s functionality or
health. Thus, some system traits are key indicators of system condition, while
others are quite irrelevant.

The goal of sustainable development will remain an empty one unless there are

means of measuring progress. Traditional data on the forests of Ontario are

provided by the Forest Resources Inventory (FRI) (Appendix 1). Major reports on

the forest by the Ontario Ministry of Natural Resources (OMNR) (Appendix 1) have

provided descriptions of the forest on a provincial basis, and information on basic

management actions of forestry, such as the areas of harvesting, planting, and other

silvicultural treatments. These types of data are narrowly defined, and provide only

limited information about the environmental impacts of forest-management actions.
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Consequently, an over-simplified picture of the forest is presented, and the state of

forest sustainability remains unclear.

A number of agencies involved in the generation of sustainable development
policy recommend, or intend to develop, indicators of forest sustainability. There
have been few significant efforts in the development of such indicators in Ontario
(refer to subsequent section). A noteworthy exception is the OMNR’s research
supporting the recently enacted Crown Forest Sustainability Act, which requires the
identification of indicators in each forest management plan for the assessment of
forest sustainability (Crown Forest Sustainability Act 1994). The practical indicators
proposed in the present project could provide a means to evaluate some of the six
criteria of forest sustainability identified in the newly developed forest management
planning manual (OMNR 1994a), or may suggest new criteria. A major hurdle in the
determination of these indicators is the uncertainty surrounding what exactly
constitutes good indicators of forest sustainability. Sustainable development has
existed mainly as a concept only, and developing indicators involves placing practical
interpretations on the concept. What are we sustaining, and how do we make
measurements of our success? This is a challenging task, and calls for the
participation of the forestry community and the public to determine the societal
values and benefits of the forest to sustain, balanced against the availability and
collectability of relevant data.

If we are to achieve forest sustainability, managers will require a broad base of
environmental information from which to make sound decisions. Indicators can

provide a significant source of this information on forests in the form of quantitative
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data relevant to sustainability characteristics. Forecasts of indicator performance can
be made, the indicators monitored, and environmental impact of management actions
and progress toward the development of sustainability measured. Progress reports
are submitted to resource managers and the public. Monitoring of indicators
provides the feedback which makes adaptive management, including improvement of
management actions, possible.

Indicators are most effective when their development includes input of the
public to ensure that relevant values and benefits of the forest are considered. In
Ontario, effective public participation in developing sustainability is necessary since
the resource base is predominantly a public one, and there are many stakeholders
with a multitude of resource demands. Therefore another important function of
indicators of forest sustainability is to inform the public of the outcomes of forest-
management, so they may be knowledgable, active participants in the development of
forest sustainability.

In summary, explicit indicators are required if managers are to work toward
forest sustainability. Sustainability indicators must focus on forest ecosystem
condition. For fully operational use in adaptive forest ecosystem management,
identification of the traits to be indicated must be followed by establishment of the
ranges within which the indicators must fall for the system to be considered in
acceptable condition. This study offers suggestions on the traits to be indicated, the .
indicators or measures appropriate for these traits, and the operational feasibility of
making measurements and calculations for the indicators. Determining acceptable

ranges for the system condition indicators will need work in actual management
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situations or further research. One approach could be to determine the range of
natural variability for the indicators, and strive to keep them within this range as
forests are used and managed (Thompson 1992; Booth et al. 1993; Ontario Forest

Policy Panel 1993; Schlaepfer et al. 1993).
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SUSTAINABLE DEVELOPMENT, FORESTS AND INDICATORS

The concept of sustainable development was propelled onto the global agenda
by two landmark conservation initiatives: the World Conservation Strategy of the
International Union for the Conservation of Nature and Natural Resources
(IUCN/UNEP/WWF 1980), and the final report, "Our Common Future", of the
World Commission on Environment and Development, also known as the Brundtland
Commission (WCED 1987). Canada began to develop its strategy for sustainable
development with establishment of the National Round Table on Environment and
Economy (NRTEE) in 1988 on the recommendation of the Canadian Council of
Resource and Environment Ministers’ Task Force on Environment and Economy
(NTFEE 1987). The federal government has recently announced the appointment of
a "Commissioner of Sustainable Development", whose task it will be to ensure that all
federal departments are moving to implement principles of sustainable development

in their activities (Copps 1994).

National Initiativ

The purpose of NRTEE is to promote the concept of sustainable development

in Canada as a basis for developing our social and economic systems (Johnston 1990).



15

NRTEE promotes cooperation as well as creation of a sustainable balance among
social, environmental, and economic pressures. It has criticized current forest
management for maximizing product extraction rather than sustainability, for
practising poor silviculture which has not sufficiently restocked the forests, and for
not knowing how to maintain long-term forest productivity. NRTEE has proposed
that sustainable forestry depends on long-term maintenance of industrial wood supply,
local employment opportunities, supply and quality of water, recreational
opportunities, genetic resources of commercial and non-commercial species, and
intact unmanaged ecosystems (Johnston 1990).

Under the auspices of NRTEE, a National Forest Round Table was established,
and principles in support of forest sustainability have recently been developed (Forest
Round Table on Sustainable Development 1993). While NRTEE is actively looking
at sustainable development indicators, it has concentrated effort first on indicators of

sustainable energy production and use.

Canadian Council of F Mini

The Canadian Council of Forest Ministers (CCFM), also operating at the
national level, released comprehensive national forest strategies in 1987 and 1992
(Anonymous 1987, 1992). A 1987 recommendation included the mandate "...to
ensure that forest management goals and practices meet the requirements for
sustainable development” (Anonymous 1987). The objective of the 1992 strategy is to

account for various forest interests while seeking a practical route to sustainable
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forestry, and the means to measure its success. In action item 3.5, the 1992 strategy
calls on the federal government to "develop a system of national indicators to
measure and report regularly on progress in achieving sustainable forest

management"” (Anonymous 1992).

Canadian Forest Service

The Canadian Forest Service (CFS) of Natural Resources Canada (formerly
Forestry Canada) became the first federal department to legislate sustainable
development into its Act. To give sustainable development some deeper meaning for
forests, one CFS official stated the following:

"Sustainable development of the forest land and its multiple environmental

values involves maintaining, without unacceptable impairment, the productive

and renewal capacity and species diversity of forest ecosystems" (Maini 1989).

In addition to having established a national forest data base, the CFS produces
both annual reports of forestry statistics and annual comprehensive reports to
Parliament on the state of Canada’s forests (Forestry Canada 1991, 1992, 1993). In
addition to a variety of forest-related information, the two latest reports contain
accounts of the "state of the forest" against twelve preliminary indicators: biodiversity,
preservation of wilderness areas, forest productivity, environmental quality, forest
carbon budget, economic benefits, industrial competitiveness, wood-use efficiency,

forest resource control, community and employment stability, public involvement in

decision-making, and access to nature for recreational experiences (Forestry Canada
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1991, 1992).

In September 1993, the CFS hosted a seminar of CSCE (Council on Security
and Cooperation in Europe) Experts on the Sustainable Development of Temperate
and Boreal Forests (Mercier 1993). A great deal of attention was paid during the
week-long event to indicators, both biophysical (Schlaepfer et al. 1993) and socio-
economic (Gordon et al. 1993). In anticipation of this meeting, the Ordre des
ingenieurs forestiers du Quebec (OIFQ) and the Canadian Institute of Forestry (CIF)
jointly prepared a discussion document of "twenty-eight indicators, objectives and
characteristics proposed to lead towards the practice of sustainable forestry" (Ordre
des ingenieurs forestiers du Quebec and Canadian Institute of Forestry / Institut
forestier du Canada 1993). In this document, some forest sustainability indicators are

incidentally identified.

Model Forests

In 1992 under the Canadian Government’s Green Plan, the CFS launched the
Model Forest program. There are now ten Model Forests across Canada, and several
model forests in other countries as well. Model Forests are production forests, of
greater than one hundred thousand hectares in extent, where the concepts of
integrated resource management and decision-making partnerships are to be
implemented (Forestry Canada 1993). The Model Forest Network recently
sponsored a workshop on indicators of sustainable development (Anonymous 1993).

Papers presented at the workshop covered indicators for ecosystem health (Kessler
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1993), forest productivity (Rawlinson and Armson 1993), socio-economic prosperity

(Walker 1993), biodiversity (Duinker 1993), and landscape-ecological phenomena
(Garman and Bradshaw 1993).

nvi n

Environment Canada, as part of Green Plan and State of the Environment
Reporting activities, has focused attention recently on ecological monitoring and
indicators (Staicer et al. 1993). Workshops were held across Canada to build a
national ecological monitoring framework and identify indicators related to ecological
stressors. The forest-related indicators identified in this work were comprehensive
and related both the forest-management activities and to ecological conditions. An
"Ecological Science Centre" will be established in each of Canada’s ecozones, linked
by the Ecological Monitoring and Assessment Network (Environment Canada 1994).

Canada is participating in the Smithsonian Institution/Man and the Biosphere
(UNESCO) (SI/MAB) Biodiversity Program, through Environment and Parks
Canada, and other research agencies (Environment Canada 1994). The program
aims to establish a global biodiversity network with 300 sites by the year 2000.



19

Ontario Round Table on Environment and Economy

The National Task Force set the stage for provincial round tables to define
sustainable development at the provincial scale (NTFEE 1987). The Ontario Round
Table on Environment and Economy (ORTEE), a multi-sector task force, developed
a sustainable development strategy for Ontario (ORTEE 1990, 1992). Early on, the
ORTEE identified several principles for sustainable forest development (ORTEE
1990):

1.  The sustainability of the global environment depends on carbon storage, climate
stability, erosion prevention, and genetic material preservation.

2. Environmental considerations need to be incorporated into the economic
decisions of industry, governments, and consumers.

3. A fair and equitable balance of the needs of all forest users.

Specific strategies consistent with ORTEE’s (1990) six general principles of
sustainable development include: ensuring the replacement of the growth of forests
lost through harvesting and natural disturbances, increased research funding of forest
ecology and silviculture, economic diversification of forest uses and products,
recycling, conserving representative habitats, and reducing the use of synthetic
pesticides.

In 1991, ORTEE established a series of sectoral task forces, including one on
forests, each of which was to develop recommendations for the sustainable

development of the sector. The Forestry Sectoral Task Force (1992) reported to
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ORTEE in March 1992, with a comprehensive set of recommendations. While
indicators were not specifically mentioned directly, frequent references to state-of-the-
forest reporting suggest the importance of meaningful and incisive indicators of forest
sustainability.

One of the two areas of immediate action identified by ORTEE as important
for a sustainable development strategy is the development of indicators of progress
toward sustainability (ORTEE 1990). The incorporation of indicators with a new
proposed state-of-the-environment reporting system for Ontario will be an important
tool to evaluate the effectiveness of a provincial sustainable development strategy.
Groups identified to develop indicators include universities, research institutes,

governments, and industrial associations.

Academia has also taken on the challenge of interpreting sustainable
development. The Sustainable Society Project (SSP) at the University of Waterloo
undertook an ambitious project to define a sustainable pathway for all of Canadian
society for 50 years into the future, in environmental, social, economic and political
terms (Robinson et al. 1990). The SSP’s work has been utilized by NRTEE; its
objectives of sustainable development were contributed by the SSP. The project first
formulated ecological and socio-political design criteria based on an explicit
definition of sustainability (Robinson et al. 1990). The criteria were then used to

create scenarios of technological and economic development, in major consumption
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and resource sectors, with the aid of the simulation model, the "Socio-Economic
Resource Framework". Ecological indicator criteria were developed, and work on

indicators of sustainable forestry development was to be undertaken (Van Bers 1991).

C ion Council of Ontari

The Conservation Council of Ontario (CCO), a non-governmental organization,
assumed the task of providing ORTEE with recommendations for its provincial
sustainable development strategy (CCO 1990). In its objectives for sustainable
forestry development in Ontario, the CCO identifies deficiencies in the resource
information base, and the overly technical manner in which forest information is
available to the public (CCO 1990). The recommended counteraction is one of
establishing state-of-the-environment reports for Ontario forests and forestry at two
levels: a detailed data base for forest managers, and secondly, a public report based
on technical information, presented in an understandable format. The CCO’s other
four recommended objectives for sustainable forestry in Ontario are (CCO 1990):

1. To promote ecologically sound forest management.

2. The implementation of ecologically and economically sound forest product
manufacturing technologies.

3. To promote ecological and social values through forest management.

4. The contribution to a healthy global environment.
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The concrete pursuit of sustainable forestry in Ontario took a major step
forward with the May 1991 announcement by the Ontario Minister of Natural
Resources of a major sustainable forestry program initiative (OMNR 1991a). The
new program is in line with priorities set in the Ontario government’s budget
statement of May 1991 which cautions that "economic growth is unsustainable if it
neglects the environment and the wise management of our resources” (Government
of Ontario 1991). The goal of the MNR’s new direction in natural resource
management is: "To contribute to the environmental, social, and economic well-being
of Ontario through the sustainable development of its natural resources” (OMNR
1991b). Two key processes will be to manage for all forest values, and to involve the
public in forest management decisions. The pursuit of a means for demonstrating
progress toward achieving sustainable development is a high priority for the OMNR.

The OMNR’s strategy for improvement of natural resource management began
with an independent audit of the provincial boreal forest (Ontario Forest Audit
Committee 1992), and continues with a broadly based sustainable forestry program
(OMNR 1991a) that includes:

1. Development of a broad strategy to guide forest management long-term
objectives.

2. Initiation of community forestry programs in four communities. Consideration
and testing of different models.

3. Consideration of alternative silvicultural systems with emphasis on forest
ecosystem function, biological diversity, and forest stand dynamics.

4. Development of a protection policy for old growth ecosystems that addresses



social and economic values.

5. Promotion of sustainable forestry on private lands, coordinated with other
ministries.

The flagship element of OMNR’s sustainable forestry initiative is the policy
framework for forest sustainability (OMNR 1994b), which is based on proposals of
the Ontario Forest Policy Panel (1993). The framework proposals defined the forests
of Ontario broadly, and presented a forest goal, principles for forest, community and
resource-use sustainability, strategic objectives for eleven key forest values, and a
policy development agenda. In addition, the framework proposal called on forest
management and policy to be implemented adaptively, and placed a strong priority
on the achievement of forest sustainability in the province. This requires, as
explained above, the identification and use of indicators of forest sustainability, and
the Ontario Forest Policy Panel (1993) urged their development especially for forest

biodiversity.

Summary

Concepts and indicators of sustainable forest development in Ontario and
Canada have been given increasing attention during the past ten years. Despite all
the attention, indicator de_velopment is still in its infancy, to say nothing of their
virtual absence presently in actual application. This observation prompted an applied
approach to the problem, with the objective of helping forest managers and owners
move from ethereal discussions to on-the-ground tracking of progress in achieving

forest sustainability.
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CHAPTER 3: METHODS AND PRACTICAL FRAMEWORK

The following is a set of premises or assumptions which acted as guides during
‘the process of developing and applying forest-sustainability indicators. Below this is a

description of the process utilized in the project.

ASSUMPTIONS

1. Indicators of forest sustainability are most useful if applicable at the level of the
forest management unit,

Indicator development research was focussed on the northern forested Crown
lands of Ontario (although the general concepts are probably applicable in other
forest regions and for other forest types). The Crown forest lands used for timber
production are divided into administrative units which are managed as sustained-yield
units. Such units range in size from less than a hundred thousand hectares to more
than one million hectares. They are comprised of hundreds to thousands of stands,
as defined in Ontario’s forest resource inventory (FRI). The rationale for targeting
indicator development at the forest management unit (FMUs) level is as follows.
Smaller areas of land would be inappropriate because natural processes such as fire
and windthrow can create huge fluctuations in stand-level indicators such as overstory
structure. In the boreal forest especially, stand overstories are temporary entities, but
the forest as a whole persists on a broad scale. Moreover, forest condition is largely

a function of landscape patterns, which must be examined across large units of land.
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For the boreal forest, this means a scale on the order of many thousands of hectares.

A key problem arises because administrative units rarely correspond to
ecological units. Under such circumstances, analysts are urged, where possible, to
include adjacent forest areas in their analysis where these would improve the
ecological interpretability of results.

As indicated above, indicators are frequently applied at provincial and national
scales. It should be possible to aggregate up to any desired level a consistent set of
indicators for forest sustainability that are designed for the level of the working
forest. This is because it would often be a simple additive process up to the higher
scale, with the exception of some spatial measures. However, the reverse may not be
the case; where indicators are developed for the provincial level, it may not be
possible to scale them down to the management unit level. It is likely not possible to
assign values to sub-units of a province from a provincial value, or where values were

aggregated to a provincial scale without regard for spatial identity.

2. Indicators must be measurable for present forest condition, and predictable for
future forest condition under realistic alternative management scenarios.

To be part of adaptive forest ecosystem management, indicators must be both
measurable in the field and predictable in response to a wide range of alternative
management strategies. Predictability is crucial for analysts to be able to inform the
decision-making process, and measurability is crucial for the learning that occurs
when one discovers that expectations and reality diverge (Duinker 1987; Baskerville
1993). A reasonable time frame over which to make indicator forecasts in forest-

management planning would be a minimum of 50 years. The effects of today’s
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management actions will be experienced for at least such a time period.

3. Indicators of forest sustainability must pertain to some biophysical traits of the
forest, that can be objectively measured.

Forest sustainability is a function of forest condition. The forest is defined here
as an ecosystem, or collection of ecosystems. Management actions are not part of the
forest system, but are inputs to it. Thus, actions such as planting are not indicators of
forest sustainability. Similarly, goods and services of the forest are not part of the
forest system, rather are outputs from it. Thus, timber production for example is not
an indicator of forest sustainability. Forest-based businesses are also not considered
here to be part of the forest ecosystem. This bounding of forest ecosystems is made
for three reasons: (a) for simplicity; (b) to focus the concept of forest sustainability
on natural ecosystems; and (c) to emphasize that forests are quite sustainable without

any human activities or interventions in them.

4, A simple yet comprehensive set of indicators, each of which provides useful
information to stakeholders and for which data are relatively accessible, is the
most appropriate entry point.

Simplicity is paramount in developing indicators of forest sustainability because
forest managers, owners and stakeholders, and indeed the general public, all have to
understand, accept, apply, and interpret them (CCO 1990; Henderson 1991; Duinker
1993). It is vital for indicators to relate to the values of these groups of people, so
that indication of forest sustainability has real meaning and is not just an exercise in

esoteric description. Data availability is critical, for an indicator that cannot at

present be measured for feasibility or financial reasons, is just a good idea for future
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use, or for current research - it will not help assess forest sustainability today.

5. The Ontario Forest Resource Inventory must serve as the initial data set for
indicator applications.

For the time being, the only comprehensive, mapped data describing any of the
dynamic elements of forest ecosystems across Northern Ontario is the FRI (Watt
1994). Maps often exist for the relatively stable elements of forest ecosystems, e.g.,
geology, landforms, topography, soils. However, much of the interest in forest
sustainability has to do with flora and fauna. Forest ecosystem classifications have
been developed for Northern Ontario (e.g., Sims et al. 1994), but few if any forests
have yet been mapped according to these classifications. Thus, the FRI must be
used, but analysts must be keenly aware of its purposes and limitations (Kapron 1994;
Watt 1994).

Another feature of indicators of forest sustainability is that not only are the
levels of indicators of interest, but the spatial distribution of indicator values are also
important. To calculate many of the indicators likely to be found useful, a digital,
spatially referenced FRI will be needed. A geographic information system (GIS) is

needed also, to perform many of the indicator calculations.

6. The forest region to which these indicators are relevant is the boreal forest.
The ecological principles and social values used to justify indicators, and the

measures themselves, should also be generally applicable to the Great

Lakes/St.Lawrence forest region of Ontario. However, indicator target levels would

need to be tailored to suit each region.



A DEVELOPMENTAL PROCESS

The search for indicators began with a comprehensive literature review, a task
which continued to project completion. The emphasis of the literature search was
sustainable development and forests, and also literature from other disciplines in
social sciences and natural resources, looking for documentation of ways people value
forests, and ways people describe forests when they comment on forest condition or
management.

A large suite of indicators was initially created, within a matrix format, with
little recognition for practicality given today’s technology, based on the background
research as well as personal experience in forestry issues (Appendix 2). A
preliminary suite of values which the public deems important with respect to forests
was determined. Then forest ecosystem attributes deemed to be necessary to
ecosystem function, and to satisfy various values were identified. They were derived
by asking: What feature of the forest ecosystem, if altered, would affect particular
societal values and ecosystem functions? Indicators were determined, at the
intersection of values and forest attributes, in answer to the question: What are
measures of the forest ecosystem attribute which can indicate the ability of the forest
to satisfy a publicly-held value, or to fulfill an ecosystem function?

Stakeholder and interest group input were solicited by circulating the
preliminary indicator suite. The main result of this process was expansion of the
indicator list. Interest groups that I attempted to involve in this process included

environmental, community, native, recreational, tourism, and sporting groups.
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The comprehensive indicator suite was then rogued to those expected to be
measurable in the foreseeable future. A small workshop was held in Toronto in
October 1992 to address the technical aspects of indicator implementation (for a list
of workshop participants see Appendix 4). This assisted in setting priorities for
indicators which would actually be developed into quantified measures and

demonstrated as an application. Indicators set aside at this stage are reported in

Appendix 5.
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APPLICATION IN AN ONTARIO BOREAL FOREST

Case Study Forest

The choice of an Ontario boreal forest to be used as a case study forest was
directed by a number of criteria. It was important that there be a variety of forest
users, representing a diversity of forest-related values. The presence of significant
mature forest, and wilderness conditions, with forest management activity in the area,
resulted in a diversity of conditions useful for testing of indicators within the Spruce
River forest. The availability of current digital forest inventory data allowed the
measurement of a broad range of indicators.

The Spruce River forest is located approximately 40 km north of Thunder Bay,
Ontario, and its southern limit is situated 40 km north on the Spruce River Road
from the Trans-Canada highway (Figure 1). An FMA was initiated for this forest in
1981 with Abitibi-Price. The forest is 740,000 ha in total size, and its shape consists
of a main body with two major arms. The forest was sub-divided into four regions
for this study to facilitate data analysis, and comparison of indicators between
different parts of the forest. The forest cover is dominated by jack pine (Pinus
banksiana Lamb.) and black spruce (Picea mariana (Mill.) B.S.P.) in the north, and
mixedwood in the south. The level of logging in the forest in recent years has been
ca. 530,000 m*/yr. A major burn in the northern section, which occurred in 1980,
covers 89,000 ha of the Spruce River forest. The major road network runs in a

southeast to northwest direction.
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Figure 1: Location of the Spruce River forest within northwestern Ontario.
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I i remen

The digital dataset for the Spruce River Forest resided on the GIS facilities of
the Chair in Forest Management and Policy, and LU-CARIS, Lakehead University.
The dataset, at the outset of this project, was in a format that had been used for
timber management planning by Abitibi Price Inc. A considerable amount of data
preparation was required to create a dataset suitable for the measurement of forest
sustainability indicators over the entire FMU landscape.

The original forest dataset existed in two adjacent UTM zones (15 and 16). The
zones’ coordinates had been shifted so that the UTM zones did not lie beside one
another. To address this difficulty, the two halves of the dataset were positioned
adjacent to one another in a precise way, in one UTM zone. The disadvantage of
this approach is that there is a loss of positional data in zone 15.

The original dataset was also partitioned by individual 10,000 ha Ontario Basic
Map (OBM) basemaps, as is standard for the FRI system in Ontario. There are 42
full OBMs, and 66 partial OBMs. All OBMs were joined to create one contiguous
dataset across the entire forest.

The dataset, in its original form, was current to different years, and some data
were incomplete. The FRI data were current to 1991, while cutover data were
current to 1985. Stand data were missing for 24,000 ha in the forest layer which were
determined to be cutovers, and for a large burn in a northern section of the forest
which occurred in 1980. All data were configured to 1985 so that all data layers were
consistent. In the case of the missing stand data for cutovers and the burn, data were

assigned according to regeneration tables based on estimates of regeneration success



33
(Kromm 1993) (Appendix 6).

The way in which a forest landscape is classified under the FRI system is not
adequately representative of ecosystem patterns and processes on the ground. A
more ecologically realistic classification of the Spruce River forest landscape was
created and used. FRI "forest stands" were amalgamated into more broadly defined
"forest cover types" (e.g. spruce/pine or poplar/conifer) for use in some indicators. It
might be appropriate in other cases for analysts to consider using FEC data for forest

re-classification.

i ing of Indicator

How can the qualities of a particular forest attribute be quantified into a
practical indicator? My impressions of the characteristic features of forest
sustainability were tempered by the pool of digital data commonly available in the
FMU:s of Ontario. Not all desirable indicators could be formulated due to a lack of
required data in digital format. If a given forest attribute was determined to be a
significant component of judging forest sustainability, and data were available for the
attribute, then a first approximation of a measurable indicator was developed.

Once the precise specifications for indicators were determined, algorithms were
created. Occasionally deficiencies in the data were discovered at this point. Further
data preparation and manipulation was often required to enable calculation of the
indicator.

The algorithms were then run on the GIS, using the appropriate data from the

Spruce River forest dataset, to produce data in tabular form on which the indicators



34

would be based. Graphs and maps were created and analyzed to determine if a
particular indicator was accurately depicting the forest. A new configuration of an
indicator was sometimes discovered as a result of making this first attempt at
calculating and displaying results for an indicator. The specifications for the indicator
were then improved or fine-tuned, and the algorithm adjusted accordingly. This
iterative process of testing and improvement was ongoing until I was satisfied that the
indicator accurately represented and interpreted the landscape, within data
constraints. The process was halted once a satisfactory first approximation was
achieved, since there was a time constraint on each indicator related to the goal of

developing indicators to cover as full a spectrum of sustainability factors as possible.
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CHAPTER 4: FIRST-APPROXIMATION INDICATORS FOR FOREST

SUSTAINABILITY

The first-approximation for 13 indicators for managing for forest sustainability is
reported here. The indicators are explained and justified, and ideas are developed on
how they ought to be calculated, interpreted and displayed for use in forest planning.
All developed indicators were not tested on the Spruce River Forest, nor was the
forecasting aspect of the application carried out. There is no case study test
summarized below for the naturalness indicators (3 and 4) nor for the marten
indicator (11). In addition, the tests for both the remoteness and size-of-wilderness
indicators (1 and 2, respectively), and the tests for both old-growth indicators (8 and

9), are discussed below under single headings (below the second of each indicator

pair).

INDICATORS RELATED TO WILDERNESS

Wilderness is of great significance to Canadians, and is part of our heritage and
identity (Miller 1992). Wilderness has been defined as ". . . a wild roadless area
where those who are so inclined may enjoy primitive modes of travel and subsistence
.. ." (Leopold 1925). Wilderness can be experienced in two ways (Hendee 1990): (a)
directly, as visitors experience things like education, therapy, and spiritual renewal;

and (b) indirectly, such as through film, print, or contemplation. Noss (1991) has
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argued that wilderness is the foundation of biological conservation.

There is a general lack of research, and application of results, on the social
values of the forest environment in Ontario (Payne 1990), and indeed elsewhere
(Vining 1991), and thus a lack of guidance on how to create forest-sustainability
indicators from a wilderness point of view. However, I propose here that the
wilderness value of a forest can be gauged using three indicators: (a) remoteness
(distance from active roads); (b) size of wilderness area; and (c) degree of forest

naturalness.

n Ration

Remoteness is essential for wilderness experience. Remoteness is a key
component in classifying U.S. wilderness according to the Recreation Opportunity
Spectrum (ROS) (USDA Forest Service 1990). Many values related to remoteness
and wilderness depend upon peace, solitude, and freedom from human intervention,
including: reverence for nature and spiritual value, therapeutic and character building
value, knowledge value, and wilderness-recreation values (Rolston 1986; Payne 1990).
Improving road networks and making access more convenient to a greater number of
people can threaten these many unique wilderness benefits (Hendee et al. 1990).
The most important forest attribute to the northern Ontario tourist industry is

remoteness (OMNR and OMTR 1989). Nearby roads are reported to decrease the
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quality of experience for visitors to remote tourism camps in Northwestern Ontario
(Duinker 1991; Haider and Carlucci 1992) and are seen to be a real threat to the
remote tourism industry (Payne 1991).

The largest impact on remoteness is indeed roads. Roads dissecting tracts of
forest wilderness make the wilderness more accessible and less remote. The impact
of a road on forest remoteness extends well beyond the road itself. Forest
remoteness is eroded within several kilometres of active roads. Remoteness may vary
with class of road, depending upon the road characteristics and forest ecosystem
feature under consideration.

Remoteness is also relevant to human- and/or predator-sensitive species such as
woodland caribou. Roads provide increased access to caribou for hunters, and
possibly for predators as well (Darby and Duquette 1986; Stevenson 1986; Kansas et
al. 1991), in addition to vehicular traffic disturbances to the wildlife species (Hyer
1993, pers. comm.).

Remoteness is defined as the distance of a given hectare of forest from a road
or road network. A classification of remoteness grades, compatible with the
remoteness classification scheme of the ROS (USDA Forest Service 1990) is
proposed (Table 1). Grade of remoteness improves with increas<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>