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1 Executive Summary

International processes proposed “Criteriaand Indicators’ in 1994 as a means of
advancing the development of international conservation and sustainable management of
temperate and boreal forests (Montreal Process, 1994). Criteria help define what is
important about our forests and what goals should be achieved through management.
Indicators help show whether there is progress toward these goals. This report describes
criteriaand indicator frameworks used at international to local scales for planning,
monitoring and demonstrating sustainable forest management. Challenges in developing
and applying indicators are addressed.
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3 Defining Sustainability

The question of sustainability has become a key consideration in most human endeavors.
Whether it isin forests or farmland, rivers or oceans, we are increasingly challenged to
consider the consegquences of our actions. The key to deciding how much we should
harvest or how much we should protect lies in being able to assess whether the overall
system is sustainable.

There are many definitions of sustainability or sustainable development’, the most
frequently quoted being “ sustainable development is development that meets the needs of
the present without compromising the ability of future generations to meet their own
needs’ (World Commission on Environment and Development, 1987). Sustainability is
recognized as an emergent property resulting from the interactions of ecological, social
and economic systems. Thus, sustainability can only be addressed if we investigate
systems and system interactions rather than just ‘ parts of systems' or ‘isolated systems'.
This counters definitions of sustainability that are based on individual stakeholders
interests in sustaining one system only or one component of a system, e.g., timber flow or
old growth forests."

" See also various Centre for International Forestry Research (CIFOR) definitions for adaptations specific to forested
environments including: “Sustainable forest management aims to meet the needs of the present without
compromising the ability of future generations to meet their own needs. Two conditions indicate sustainability for
this definition: (1) Ecosystem integrity is ensured/maintained. (2) Well-being of people is maintained or enhanced”
(Colfer, C., R. Prabhu and Wollenberg 1995), or sustainable forestry ~ “a set of objectives, activities, and outcomes
consistent with maintaining or improving the forest’s ecological integrity and contributing to people’s well-being now

. and in the future” (Prabhu et al. 1996).

" The involvement of a wide range of perspectives, either through an interdisciplinary planning approach or a public
involvement program to develop, refine or agree to indicators increases the chance that the collective indicators will
address the broadest range of perspectives. In addition, when stakeholders are involved in agreeing initially to the
set of parameters (indicators) of interest to sustain, prior to the collection of data or prior to standard/threshold
setting, it is much easier to come to collective agreement on the validity of a broad range of parameters.
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4 Using Criteria and Indicators to Measure
Sustainability

A framework of criteriaand indicators is atool for assessing whether plans, strategies
and practices are achieving progress toward sustainability. Criteriadefine what is
important about the systems that we want to sustain in broad terms. In other words, a
criterion describes agoal that we want to achieve through management. Exampl es of
criteriainclude: “maintain or restore viable populations of al native species’, “maintain
hydrological processes’, “maintain or enhance tourism”. Indicators are monitored to
measure progress toward our goals. An indicator, like a milepost, tells us whether we are
on the right road and how much farther we have to go to achieve our objectives.
Indicators of the criteria above might include: “habitat availability for species at risk”,
“stream channel morphology” and “retention of visual landscapes’, respectively.

Criteria help define the systems that we are interested in sustaining and, ideally,
indicators reflect the breadth of those systems and interactions between different systems.
Indicators have been described as “small bits of information that reflect the status of
larger systems’ “ the presentation of atrend” and “ presentations of data that show
changes and trends over time” (Redefining Progress et al.). Indicators are described as
"ways of getting feedback about a system that might otherwise be too big and complex to
understand” (Redefining Progress et al.). It isimportant to realize that our ability to use
criteriaand indicators to measure sustainability islimited by our understanding of the
systems. Indicators are just that — they indicate what condition the system isin but in
their entirety they are not the system — they are a representation (indeed indicators) of the
system.

Much of theinitial interest in criteria and indicators arose from interest in reporting both
nationally and internationally on progress towards the sustainability of a nation’s forests.
Criteriaand indicators were endorsed by the 1994 United Nations “Montreal Process’
and the subsequent 1995 “ Santiago Declaration”, along with a number of other
organizations and initiatives, to provide a common understanding of what is meant by
sustainable forest management and to frame the monitoring process. The Montreal
Process Working Group membership currently stands at 12 countries including Canada,
Mexico and the United States, covering over 90 percent of the world's temperate and
boreal forests (www.mpci.org.). Canada reports on the Montreal Process agreement
through monitoring based on the Canadian Council of Forests Ministers (CCFM) set of
C&I1". Thisset of C&1 isused to measure Canada’ s progress in achieving the goals of
sustainable forest management (see appendix A).

Criteriaand indicators at the national scale contain limited practical guidance for those
wanting to make specific changes in the way they manage the forest at the local level.
Moreover, since ecological, social and economic conditions vary from place to place,
there isno single universal formula (or set of C&1) for sustainable forest management.
Hence the importance of developing local level C&1 to suit local and regional conditions
has been recognized. The international forestry community through the Centre for

"The CCFM set of C&I are slightly different although generally equivalent to the Montreal Process C&l to reflect the
different conditions within the Canadian social, economic and ecological environment.
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International Forestry Research (CIFOR) began much of the work in this area through a
series of studiesin different parts of the globe. In 1998, Canada, Mexico and the United
States jointly conducted an initial study of criteria and indicators for monitoring the
sustainability of forested systemsin southwest Idaho (Woodley et a., 1998). As aresult
of the CIFOR test in Idaho, the United States Department of Agriculture (USDA) Forest
Service through the Inventory and Monitoring Institute, the Local Unit Criteriaand
Indicator Development project (or LUCID) has been piloting a series of tests across six
National Foreststo refine criteria and indicators at the forest management unit scale
(www.fs.fed.udinstitute/lucid). With the assistance of the USDA Forest Service and the
US Agency for International Development (USAID), Mexico has also begun asimilar
project in the northern, temperate forests of Chihuahua (www.fs.fed.us/ingtitute/lucid). A
similar initiative, the Local Level Indicators (LL1) initiative has been ongoing in Canada
for several years sponsored and hosted by the Canadian Model Forest program
(www.modelforest.net.). Each of the eleven Model Forests in Canada has been
intensively involved in selecting, measuring and, recently, reporting local level indicators
(see appendix B).

4.1 Criteria and Indicators: The Organizing Framework

The concept of sustainability is complex and corresponds to the complexity of the related
ecological, social and economic systems from which it is measured. Consequently, it is
not uncommon to see a variety of problems with indicators including:

Collections of interesting and relevant indicators (often interest or issue driven)
with little organization or inter-relationship between indicators;

Indicators that are vague and lack clarity or, conversely, are too measurement
specific or threshold specific to address the criteria adequately;

Indicators that address a variety of spatial and geo-political scales with no means
of reconciling scales or do not correspond with the scale of decision-making or
management; and

Indicator sets for different systems (e.g., ecologica and social) that are not
explicit about assessing inter-relationships.

As an attempt to address these challenges more recent initiatives for monitoring for
sustainability have developed criteria and indicator frameworks. Frameworks help to
deconstruct the complex goal of sustainable ecosystem management into parameters that
can be managed, planned for, and monitored. Ideally, the use of such a framework:

Increases the chance of complete coverage of all the important aspects of the
system to be monitored or assessed;

Avoids redundancy and limits the set to a minimum without extra parameters;
Results in atransparent relationship between the parameter that is measured and
the system element it isrelated to; and

Helps define a conceptual model which links forest conditions to social, economic
and environmental indicators of sustainability.
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Various C&| initiatives have defined the elements of these frameworks differently. While
commonly referred to as criteriaand indicators there are typically more than two levels.
The Long Beach Model Forest used aframework similar to that developed by the USDA
Forest Service Local Unit Criteriaand Indicator Development (LUCID) project. Both of
these C& | frameworks are refinements and adaptations of the approach developed by the
Tropenbos Foundation (Lammerts van Bueren and Blom, 1997) and used in part by the
North American C&I test of the Centre for International Forestry Research (CIFOR). The
definitions are as follows:

1. Principle: An overarching goal statement that serves as a fundamental guide to achieving
adesired state or condition related to one or more forest systems.

2. Criterion: A more specific goal statement that describes a desired outcome of sustainable
forest management. Typically, an aspect of the ecological system, or of the interacting
social or economic systems, which frames or defines the major system components.

3. Indicator: An attribute or feature that can be measured quantitatively, qualitatively or
descriptively and will show directional change over time.

4. Measure: A specific description of the way the indicator is measured, i.e., the unit of
measure, method, timeline, etc.

5. Standard/Benchmark: The benchmark or reference value against which the measureis
assessed. Benchmarks can be set by legidlation, certification standards, desired future
conditions, or known values for the natural range of variation.

5 Applications of Criteria and Indicators

Local level indicators can be used in scenario modeling to predict whether proposed
landscape plans, strategies and practices will achieve management objectives. Indicators
that are monitored after plans are implemented provide an assessment of the effectiveness
of those plans. Modeling and monitoring of indicators improves our understanding of
forest dynamics resulting from both human-induced and natural factors. Reporting on
indicatorsis ameans of demonstrating successful and unsuccessful management
strategies and policies to other forest managers and government bodies at local to
international scales. Indicators can also be used to demonstrate compliance for
certification purposes. Finally, indicators help us define and describe the elements of
sustainability that we are interested in, that is, those most affected by our land-use
decisions.

5.1 Planning and Monitoring

Planning teams commonly use indicators to eval uate scenarios to decide on the final
schedule of interventions to be applied to aforest ecosystem. Indicators used in planning
describe the state of the landscape in terms of quantifiable forest conditions that exist
now and can be predicted into the future. From data on the initial condition of the forest
and knowledge of how natural disturbance and management scenarios create change,
models forecast forest conditions over multiple spatia scales and produce “ predicted
outcome conditions’. Thelevel of the indicator of these conditions is compared to
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standards or benchmarks to evaluate whether a given management scenario will meet a
particular criterion or goal.

“Monitoring is repeated observation, through time, of selected objects and valuesin the
ecosystem to determine the state of the system...Monitoring is an integral part of the
sequence of management activities that also includes inventory and planning.”

(Clayoquot Sound Scientific Panel, 1995, Report 5)

The role of monitoring within resource management has a variety of purposes principle among
them implementation monitoring and effectiveness monitoring. |mplementation monitoring
entails monitoring the extent to which a program or set of activities proposed were carried out,
I.e., compliance. Effectiveness monitoring is best described as examining whether or not the
management program or activities had the desired effect. Effectiveness monitoring is the focus of
programs that use criteria and indicators as atool for sustainable forest management.

Effectiveness monitoring is used to measure indicators of forest condition after ecosystems have
responded to management activities and natural disturbance. By comparing the level of
indicators to standards or benchmarks, we can assess whether management activities led to forest
conditions that yielded our desired forest values or criteria. When we monitor the outcomes of
plans that were developed through scenario evaluation, we can test whether the assumptions used
in planning were valid. These include assumptions about the links between forest condition and
forest values (criteria) as well as assumptions about the effects of management activities and
natural disturbance on initial conditions.

5.1.1 Typesof Indicatorsand Their Uses

Indicators have been classified in a number of different ways, however, most commonly
in the sustainability arena, indicators are typed as input, output or outcome indicators.
Input and output indicators refer to measures of management effort or stressor input (e.g.,
kilometers of streams restored; # of public meetings held; litres of oil spilled). Outcome
indicators refer to the resulting state of the system regardless of cause (e.g., salmon
popul ations; community cohesion; soil quality). Outcome indicators are the best way to
measure progress toward sustainability because they most closely reflect forest values,
but outcome indicators may be difficult to predict or measure. Thus, input and output
indicators are often used in planning and monitoring when: @) there is an inability, given
current knowledge, costs or technologies, to model or monitor outcomes; b) the input
indicator (e.g, amount of oil spilled) serves as an early warning indicator whereas
monitoring the associated outcome may be too late; or ¢) when the relationship between
Inputs/outputs (e.g., roads) and outcomes (e.g., wildlife mortality) iswell documented,
and it is more efficient to model and monitor the input or outpuit.

5.1.2 Planning vs. Monitoring Indicators

Different indicators are used during the planning and monitoring phases of the adaptive
management cycle. Planning indicators" describe the state of the landscape in terms of
guantifiable forest conditions, for example, connectivity of late seral stands, the

Vv For further discussion of the distinction between planning and monitoring indicators see Kneeshaw et al.
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maximum distance from any microsite to the nearest seed-tree, or the ratio of the area of
awatershed that is harvested to the area of the receiving body of water (Y amasaki et al.
2001). Monitoring indicators describe the status of forest values that emerge from forest
conditions, for example, the structure and abundance of the avian community, stocking
rates of disturbed sites and dissolved organic carbon and turbidity. Planning indicators
must be easy to quantify and, for practical purposes, it must be possible to represent them
physically in dimensional space. Planning indicators tend to be inputs and outputs that
serve as surrogate measures of forest values that we want to sustain. Monitoring
indicators may include inputs and outputs, but ideally, they focus on outcomes.

Planning indicators can have longer temporal and spatial horizons than monitoring
indicators. They are often spatial summaries (e.g., effective clear cut area, total amount of
riparian habitat, growing stock), spatial statistics (e.g., connectivity of late seral stands) or
maps (e.g., grizzly bear habitat). They can aso be output from scenario analysis astime
series (e.g., change in riparian habitat over time) or spatial averaging (e.g., mean grizzly
bear habitat value in each hectare over an entire time horizon). Monitoring indicators are
measured repeatedly over time and at numerous locations and they tend to be temporally
and spatially specific. Even after extrapolation, monitoring indicators tend to have
relatively high certainty compared to planning indicators because they are based on
measuring actual future forest conditions rather than projected conditions.

In most cases indicators used for planning are a subset of the indicators that are
monitored. This provides the opportunity to test the hypothesized relationships used in
scenario building with the results observed after plans have been implemented. In many
subjects, e.g., biodiversity, knowledge is just being developed. Therefore, during
planning, it is necessary to make assumptions about links between forest conditions and
related forest values. For example, we might assume that a certain threshold level of
connectivity will maintain avian communities typical of naturally disturbed forests.
Monitoring connectivity, i.e., forest conditions, aswell as avian communities, i.e., forest
values, after implementation of a management plan is the best way to test our
assumptions.

The McGregor Model Forest has been using a select set of indicators for the basis of
scenario planning; these could be described as planning indicators. The indicators
selected by the McGregor MF are those that can be physically represented (or their
known and predicted outcomes can be physically represented) in dimensional space on a
landscape model. An examination of these indicators shows that while these indicators
are asmall subset, there is almost complete overlap with indicators selected as
monitoring indicators on the other Model Forests.

5.2 Relationship of Certification to C&I Monitoring

Criteria and indicator monitoring initiatives arose in large part from international
agreements (e.g., Santiago Declaration) between governments and conventions on
sustainability and forestry. The global movement that drove these government responses
to sustainability also drove environmental non-governmental organization and industry
responses expressed through green labeling, or certification initiatives. Although the
intent between certification and C& 1 monitoring is the same the tools are different:

9
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auditing vs. monitoring. There are awide range of certification programs and as each of
these evolves, some of the differences between certification programs and C& |
monitoring are dissolving, however many certification programs’ have more of afocus on
parameters best described under the implementation monitoring umbrellaand
characterized largely by input and output indicators.

A growing number of land managers are using both C& 1 monitoring and certification in a
complementary way. Most certification programs assess the status of management
programs including inventory and monitoring systems and C& | monitoring programs
meet these requirements. In addition, the data from C& | monitoring is used to inform the
rest of the certification evaluation.

6 Challenges in Applying Criteria and Indicators

There are anumber of challenges in determining and applying appropriate indicators to
planning and monitoring. As discussed, there are often uncertain linkages between an
indicator and the criterion that it is meant to address. It is difficult to trust smple
measures of complex systems without strong evidence of arelationship. There may be
difficulties acquiring data to use in modeling and the whole question of how to deal with
data management and quality control is expensive and challenging. Planning and
monitoring occur at multiple spatial and temporal scales which are difficult to integrate.
Benchmarks and standards are often unknown, and there are few quantifiable measures
for socio-economic indicators. Currently, there is little commitment to effectiveness
monitoring programs and to accepting feedback to decision-making. Each of these
challenges is described briefly below.

6.1 Uncertain Linkages between Indicators and Criteria

The challenges for choosing indicators to use in a planning context include: 1) limited
knowledge about the relationship between specific parameters (e.g., forest conditions)
and other forest parameters or values”; and 2) limited number of parameters that can be
represented in dimensional space on landscape models. Planning indicators are chosen
primarily on the basis of what knowledge is available from expertise (domain experts)
accessible to the planning process. Over the long term, these challenges will be overcome
only if effectiveness monitoring follows the implementation of forest management plans
and through research.

v This is particularly true of the Canadian Standards Association (CSA) certification program as well as the ISO 14000
) series certification initiatives.

"' For example the complex inter-dependencies between ecological, social and economic systems and their associated
indicators are only briefly reference in the limited applications of planning indicators that we have seen. To date,
analyzing the relationship between ecological, social and economic sphere is very limited and most modeling efforts
are limited to representations of physical landscape structure. In the same way, the relationships between many
more complex ecological components (e.g., genetics indicators) and the ability to represent them spatially is weak.
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6.2 Data Acquisition and Management

Problems with data acquisition fall into two categories, technical challenges and human
challenges. In many cases inventory data are not available, or not at the required spatial
scale. Some data are kept for regions with different boundaries than the forest district and
there can be inconsistencies or technical incompatibilitiesin data collected by different
contractors or during variable periods of time. These present technical challenges. On the
human side, people with data may be busy, worried about misinterpretation or concerned
that negative trends will be politically incorrect and therefore, are reluctant to release
information. In these cases, it isimportant to convince the agency that information is only
valuableif it is used, draft reports can be reviewed before release to avoid
misinterpretation, and indicators are meant to examine the big picture rather than focus
on particular issues that may be portrayed negatively.

For monitoring, it isimportant to obtain explicit agency buy-in to the data-gathering plan
at asufficiently high level to ensure agency commitment. Clear protocols regarding what
data (e.g., cultural values data or rare species distributions) can be made available, in
what formats and to whom must be resolved. Data specialists recommend that data
management proceed in stages to allow for experimentation and to help develop truly
collaborative relationships on data access and quality control.

6.3 Issues of Scale

Scale issues of particular concern for C& | programsinclude: definitions of scale with
respect to sustainability; relevance of indicators at a range of scales; reconciling scale
differences between indicators; measurement challenges across scales.

Initsfullest sense, sustainability can only be understood at a global scale however this
scaleis not feasible for monitoring or data management. Given that structures and
functions, be they ecological, socia or economic interact across a wide range of different
spatial (and equally temporal) scales in unequal fashion, selecting any subset scalee.g., a
nation or aforest, for monitoring or assessment will result in an artificially and

incompl ete bounded area.

A frequent pitfall facing indicator developersis the selection of indicators that were
designed to address a question at a different scale. Contribution of the forest industry to
the Gross National Product (see Montreal Process C&1) is an indicator that has relevance
at anational level but isirrelevant at alocal (e.g., forest) level. Many are tempted,
however, to simply step down (or up) indicators developed at one scale to another.

Asthe scale of interest or the indicator changes so does the measurement approach. Since
measurements are scale dependent, generating meaningful results at a number of scalesis
difficult. Some data can be aggregated, or disaggregated to answer questions at different
scales and, at times, specific tools (e.g., GIS based tools) can help resolve questions
across scales. Often, however, instead of being able to aggregate indicator data collected
at one scale to reach a conclusion at another scale the indicator must be changed. Some
propose developing indicators relevant at alocal level and simply aggregating them up to
aregional or national scale. While some data may be useful at different scales (although
the question and indicator answered with that data will likely be different) systems cannot
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be understood simply by aggregation. Ecological systems for example are not simply the
sum of their parts. When afine focusis used, certain ecological structures and processes
can be observed and measured while at other scales, other structures and processes are
observed. The sameistrue for social, economic and the collective * sustainability’
systems.

6.4 Unknown Benchmarks

A benchmark is areference value or condition against which the value for an indicator is
compared. Benchmarks can be absolute or relative thresholds and ranges. Sources for
benchmarks include legidation, natural range of variation, certification standards,
specific desired future condition and scientifically-based standards. In some casesit is
relatively easy to decide on benchmarks, for example, all salmon-bearing streams are to
be buffered by riparian reserves according to the B.C. Forest Practices Code. In other
cases, there is no clear benchmark from legislation, e.g. thereis no guideline for the
amount of downed wood to be retained in B.C. In these cases, benchmarks may be set by
consulting experts who have reviewed the scientific literature or by monitoring
unharvested areas to obtain a benchmark value based on the range of natural variation.

6.5 Long-term commitment to accept monitoring feedback to
decision-making

Most organizations and agencies in a resource management context have been involved in
monitoring, either formally or informally, for along time. Unfortunately, monitoring has been an
afterthought, or at least resourced as an afterthought, in most management scenarios. Valuable
monitoring programs are often discontinued before long-term trends have been determined. In
other cases, the monitoring focus or measurement approach shifts over time resulting in
incompatible information. Monitoring data are often collected in aform that renders them un-
useable by management. This disconnect between monitoring and decision-making leads too
often to the phenomena of “monitoring for monitoring sake” (Grumbine 1994).

An adaptive management approach acknowledges uncertainty about the outcomes of
management policies and deals with this uncertainty by treating management activities as
opportunities for learning how to manage better (Taylor et al. 1997). Management activities are
modified as aresult of new information obtained through monitoring, but more importantly,
management activities are deliberately designed to increase understanding about the system
being managed. Resource managers must understand and appreciate the benefits offered by
monitoring in order to support it.

7 Methods for Developing Indicators

The development or choice of indicators can be challenging. Thereis agrowing body of
literature on the process and methods for developing criteria and indicators for
monitoring (see for example Lautenschlager, 1988 and CIFOR, 1996). Generally there
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are two broad approaches:. 1) starting with existing sets of indicators (compilation sets)
and screening these lists (screening approaches) or 2) starting with issues o