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1. INTRODUCTION 

Cumulative effects arise when numerous independent decisions and activities contribute 
to regional social or environmental effects (Figure 1).  The possibility that new and 
ongoing developments and climate change will result in negative cumulative effects is of 
increasing concern in the North, as in other parts of Canada. Thresholds have been 
identified as a useful element of the NWT Cumulative Effects Assessment and 
Management Strategy and Framework (NWT CEAM Action Item 7.3)1. 

 

Figure 1. Direct and indirect effects combine to cause cumulative effects.  
 

Environment Canada and Indian and Northern Affairs Canada (DIAND) are jointly 
convening a workshop on March 13 and 14, 2006 entitled “Thresholds: From Theory to 
Practice”. The workshop is intended to increase understanding of how thresholds can be 
used to assess, mitigate, and manage cumulative effects in the Northwest Territories 
(NWT).  

This discussion paper was commissioned to:  

• Provide a plain language summary of the current state of knowledge on setting and 
using thresholds. 

• Describe options that exist to develop and apply thresholds in the NWT.   

• Provide material that can be used and discussed at the workshop.    

Readers who are unfamiliar with this subject are encouraged to read Sections 1, 2 and 3. 
Section 1 provides background and provides some basic threshold concepts. Section 2 
describes frameworks that have been developed to set and implement thresholds. Section 
3 provides conclusions or ‘lessons learned’.  

Readers interested in more background information on threshold initiatives in the NWT 
and elsewhere will find this in Section 4. Section 5 provides detailed references for all 
sections.  
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1.1 WHAT ARE THRESHOLDS? 

The term ‘threshold’ has been used by many people with many different meanings. Here, 
we are referring to management thresholds.  

Management thresholds are technically or socially-based standards that identify the 
point at which an indicator changes to an unacceptable condition.   

 

Numerical thresholds have been identified as one of the most efficient and effective 
regulatory tools to manage both project-specific and cumulative effects of development. 
The best examples of science-based thresholds are air and water quality criteria 
developed by the federal, provincial, and territorial governments to provide long-term 
protection to the environment2. These are based on observed or modelled dose-response 
relationships; an example of which is shown in Figure 2. In this example, the air quality 
threshold represents the concentration that causes detectable effects on a sensitive 
indicator (e.g., reduced growth of lichen).  

 

 

 

 

 

 

 

 

Figure 2. Theoretical dose-response relationship showing an effect threshold.  
 

 

Accepted air and water quality thresholds demonstrate both the inherent value and the 
practicality of thresholds. However, while much theoretical work on cumulative effects 
thresholds has been completed3,4,5, there are comparatively few examples for land, 
wildlife, and social resources.  
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Management thresholds can be thought of as environmental or social speed limits that 
create a common language and common ‘rules of the road’. These speed limits are one of 
the best ways of managing cross-jurisdictional resources (such as those that move 
between adjacent territories or are affected by both the forestry and oil and gas sectors). 
Regulators, developers, and communities can use them to quickly determine whether 
what is happening in an area is acceptable or unacceptable and help focus limited 
resources on the most critical issues.  
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2. SETTING AND USING THRESHOLDS 

Like speed limits, thresholds work best when they are part of a management system, 
instead of being used alone. A speed management system involves laws and a process for 
setting reasonable speed limits as well as enforcement, penalties, and education6. To be 
most effective, thresholds should be part of a regional framework (Figure 3) that 
combines:  

1. management vision and objectives to define desired resource conditions; 

2. measurable Valued Components and indicators to track resource conditions;  

3. thresholds to differentiate acceptable and unacceptable conditions for each 
indicator; 

4. implementation, impact management, and enforcement tools to reduce 
cumulative effects and assist decision-makers; and 

5. research, monitoring, and reporting to track indicator conditions and provide 
information necessary to refine thresholds and implementation tools.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Integrated cumulative effects management framework incorporating 
thresholds.  

 

This section provides information on Vision and Objectives, Indicators/Valued 
Components, and Thresholds. Current practice in the NWT and new or interesting 
approaches developed elsewhere are noted.   
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2.1 VISION AND OBJECTIVES 

Vision and objectives are “statements of desired environmental and social conditions”.  

To be most useful, management objectives should describe a clear vision that can be 
translated into action by regulators, managers, service providers, and developers. The 
need for such a vision has been identified in many NWT documents and initiatives using 
a variety of terms: “Community Values”7,8,9, “Vision and Related Strategies”10, “Vision 
and Objectives”11, “Management Goals and Objectives”12, “Community Visions for the 
Land”13, “Management Objectives”14; and “Vision and Goals”15. 

Resource management objectives may be available in regional land use plans, species 
management plans, community plans, and other policy and guidance documents: 

For the ‘speed limits’ example, management objective options could include: “balance 
safety and travel time for different road classes” or “improve fuel economy and reduce 
air emissions”16. 

Management objectives for chemicals of concern often use risk-based approaches such 
as: “no observed adverse effect for at least three species” or comparative approaches such 
as “no change relative to reference conditions”17.  

Management objectives for the Bathurst caribou herd include: maintain healthy caribou 
and caribou numbers; maintain habitat integrity; and ensure that users and stakeholders 
have a central role in implementation18.   

The management objective for the NWT agriculture sector is to: encourage the 
development and commercialization of a northern agri-foods industry19.  

In the NWT as elsewhere, the overall management vision is usually clouded by 
inconsistent or conflicting resource management objectives. The NWT CEAM Strategy 
and Framework has identified Community Conservation Plans, land use plans, and 
Regional Plans of Action as the appropriate processes to develop a broad landscape 
vision that combines social, cultural, economic, and environmental values20. Approved 
land use plans are available for the Inuvialuit Settlement Region21 and the Gwich’in 
Settlement Area22, and preliminary draft and revised draft land use plans are available for 
the Sahtu Settlement Area23 and Dehcho territory24, respectively. A CEAM Regional Plan 
of Action has been developed for the Slave Geological Province25 and is being prepared 
for the Beaufort Sea - Mackenzie Delta region26.  

To date, formal land management thresholds or targets have only been incorporated in the 
draft Dehcho land use plan. The Vision and Goals included in Section 2.1 of the recently 
revised draft plan are intended to help identify desired conditions and make reference to 
key indicators (additional information provided later in Section 4.1.3).  

There are few examples of Visions and Objectives linked to thresholds outside the NWT. 
The only legislated example is from the Muskwa-Kechika Management Area in northeast 
British Columbia27 (additional information provided later in Section 4.3.1). The 
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Cumulative Impact Management framework linked to land use plans in northeast British 
Columbia has been endorsed, but not implemented (additional information provided later 
in Section 4.3.2)28. 

An example of a broad landscape vision that clearly includes thresholds is available in the 
independent Beaufort Delta Cumulative Effects Project report prepared for the 
Environmental Studies Research Fund (ESRF; additional information provided later in 
Section 4.14.2)29. This vision reflects existing community and regional plans and was 
agreed to be a reasonable starting point by community, government, and industry 
representatives:  

1. Valued Components/Indicators should reflect the strong linkage between 
environmental conditions and regional social well-being; 

2. Indicators should be selected to help integrate environmental and socio-
economic assessment, resource management, economic development, social 
service provision, and cultural programs;   

3. Environmental thresholds or Limits of Acceptable Change should be 
conservative (i.e., precautionary) in areas with sensitive or valued resources to 
reflect the priority placed on renewable resource conservation and sustainable 
use; and  

4. Social Limits of Acceptable Change should accommodate increased 
community and regional economic development while improving existing 
social conditions. 

 

2.2 VALUED COMPONENTS AND INDICATORS 

Limited time and resources make it impractical for regulators, managers, service 
providers, and users to consider all social and environmental factors in equal detail. 
Because of this, a set of indicators is commonly used to summarize information and help 
focus land and resource management activities. In the NWT Cumulative Impact 
Monitoring Program and Audit (CIMP) framework, indicators are linked to “Valued 
Components”30.  

2.2.1 Valued Components 

A Valued Component is “an aspect of the environment that is considered important, on 
the basis of economic, social, cultural, community, ecological, legal or political concern. 
A Valued Component is not an indicator in itself, although impact on, or trends in, some 
characteristic of a Valued Component may be used as an indicator”31.  

A large number of Valued Components have been identified for past and current northern 
research and monitoring initiatives32. Many of these Valued Components are managed 
species or species groups whose distribution and abundance are of management interest 
because they are harvested, at risk, and/or sensitive to disturbance.  
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Fourteen Valued Components were identified for the NWT Cumulative Impact 
Monitoring Program (NWT CIMP): Air quality; Climate; Snow, Ground ice, and 
Permafrost; Water and Sediment Quality; Water Quantity; Fish Habitat, Populations, and 
Harvest; Fish Quality; Marine Life; Vegetation; Caribou; Moose; Land Mammals; Birds; 
and Human Health and Community Wellness. The current state of knowledge of each of 
these Valued Components in the NWT is reviewed in a report available on the NWT 
CIMP website33.  

The Technical Advisory Group for the ESRF Beaufort Delta Cumulative Effects Study 
directed that an abbreviated list be used for this initiative. A simplified set of seven 
ecosystem-scale Valued Components was chosen: Air; Nearshore Marine; Land; 
Freshwater; Traditional Culture and Land Use; Community Well-being; and Economy 
and Business34.  

Key factors to be used when selecting Valued Components as part of a regional 
thresholds implementation framework are: 

• Required by or compatible with regulatory requirements and existing initiatives 
(e.g., Mackenzie Valley Resource Management Act requirements for Cumulative 
Impact Monitoring Program, land use planning, and environmental audit system 
and NWT CEAM, and other local or regional monitoring programs).  

• Easily understood and known to be important to regional residents, managers, and 
regulators. 

• When taken together, reflects overall environmental and social conditions in the 
region. 

• Can be easily measured or described with one or more practical indicators. 

• Allow cumulative effect pathways to be considered (e.g., air emissions, aircraft 
traffic, increased demand on community services and manpower). 

• Can be evaluated at multiple scales (e.g., local, sub-regional, regional).  

2.2.2 Indicators 

An indicator is “a feature of the social or ecological setting that is used to describe, 
measure, manage, and report on factors that are of value to the public (such as a Valued 
Component)”.  

Selection of appropriate indicators is a critical step that has received detailed discussion 
in guidance documents and scientific literature. A suite of complementary indicators is 
generally believed to be more appropriate for both project and resource management 
purposes because a single indicator is not capable of tracking all pertinent factors. Each 
indicator measures a particular feature or features of the ecological or social setting.  

For the ‘speed limits’ example, vehicle speed measured in kilometres per hour would be 
the indicator. 
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For the chemicals of concern example, the concentration of a particular contaminant or 
group of contaminants would be the indicator.  

Indicators for the Bathurst caribou herd example could include: post-calving (July) 
caribou population estimate; contaminant levels; area of highly productive calving 
habitat; and number of community members participating in Bathurst caribou-related 
programs.   

For the agriculture sector example, annual NWT agri-food industry sales or employment 
could be the indicators.  

Ideal attributes of cumulative effect indicators are: 

• Clear and understandable by communities, resource users, and managers; 

• Currently monitored or easy and cost-effective to collect, measure, or calculate; 

• Applicable to small through large projects (e.g., small proposals reviewed by 
Land and Water Boards through large development proposals reviewed by 
Review Boards);  

• Able to incorporate both scientific and local and traditional knowledge; 

• Provide information on desired social or environmental conditions and values. 

• Provide information for multiple Valued Components or support integrated 
evaluations of multiple Valued Components;  

• Applicable to a broad geographic area and long time frames; 

• Capable of providing a continuous assessment from low through high land use; 

• Reasonable understanding of potential cumulative effects exists; 

• Able to separate natural and human-induced changes;  

• There is widespread acceptance of the action to be taken if measurement shows 
that a threshold has been exceeded; and 

• Taken as a suite, indicative of overall ecological conditions.  

There is considerable debate about the comparative strengths and weaknesses of different 
types of indicators for cumulative effect assessment and management. As with Valued 
Components, no standard, widely accepted suite of indicators exists. Indicators can be 
grouped or divided in different ways. Some advantages of specific, generalized, 
numerical, and subjective indicators are outlined below.   

2.2.2.1 Specific versus Generalized Indicators 

Both issue-specific and generalized indicators have been identified or proposed in the 
NWT and elsewhere. Issue-specific approaches use indicators of interest to resource 
managers (e.g., caribou calf survival rate), or social service agencies (e.g., teen pregnancy 
rate). These indicators will continue to be an integral part of cumulative effects 
management frameworks, but are generally impractical for project assessments.  
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Generalized indicators are most commonly used to track regional trends of environmental 
and social conditions (e.g., habitat alteration and loss, traditional harvest participation 
rate). These indicators are the most practical for social and land management purposes - 
particularly project-specific assessments - but may not adequately protect culturally 
important sites or rare features35.  

Complementary issue-specific and generalized indicators will be needed for cumulative 
effects assessment and management in the NWT. 

2.2.2.2 Numerical versus Subjective Indicators 

Objective or numerical indicators are drawn from monitoring, census and economic data 
or calculated using mapped information. Subjective or qualitative indicators are usually 
developed from community surveys or interviews. Both types have associated strengths 
and weaknesses, particularly when applied to social and cultural issues.  

Numerical, objective indicators are very useful for describing and monitoring economic 
and social conditions. Researchers and agencies interested in “the big picture” believe 
that numerical indicators are defensible, can document trends, and help compare across 
regions or jurisdictions. Numerical indicators also are easier to link to thresholds and to 
relate to specific projects or activities. 

However, numerical indicators never completely describe or allow understanding of the 
household and community influences on current social conditions. For example, crime 
rate in the NWT has been used as an indicator of social well-being. It is supposed to be 
objective because it is numerical. In reality, what is considered a crime can vary between 
communities and jurisdictions. Furthermore, statistics may not be consistent with a 
community’s views on how reported crime translates into quality of life or social well-
being. For these reasons, several NWT monitoring programs are also tracking subjective 
community views using surveys or interviews36.  

Complementary numerical and community-based (qualitative) indicators will 
likely be needed for cumulative effects assessment and management in the NWT.  

2.2.2.3 NWT Indicators 

Existing NWT indicators must obviously be considered when selecting those most 
appropriate for cumulative effects assessment and management using thresholds. 
Cumulative effect indicators have been developed to monitor social and environmental 
conditions in the West Kitikmeot Slave Study area37, the Arctic Borderlands Ecological 
Knowledge Co-op38 and have been proposed for the NWT CIMP initiative39. Note 
however, that these indicators are largely issue-specific, and will need to be 
supplemented with generalized indicators as part of a threshold implementation 
framework.  

As an example, Table 1 provides a linked set of indicators and Valued Components that 
was developed for the ESRF Beaufort Delta Cumulative Effects Study.  
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Table 1. Summary of Valued Components and associated cumulative effects   
  indicators proposed for the Beaufort Delta region. 

Valued Component Cumulative Effect Indicators 
Air Air Quality: Ground level concentration of regulated emissions. 

Water Quality: Ambient concentration of regulated freshwater discharges. 
Total Land Area Disturbed: Direct footprint of industrial and human 
activity on land. 
Total Aquatic and Riparian Area Disturbed: Direct footprint of industrial 
and human activity on lake, stream, and riparian habitat. 
Fish Mortality: Mortality of sensitive fish species (Dolly Varden char and 
lake trout) including contribution from industry sources (harvest, research, 
and illegal kill). 

Freshwater 

Total Crossing Index: Number of stream crossings per square kilometre. 
Total Land Area Disturbed: Direct footprint of industrial and human 
activity on land.   
Core Habitat Available: Relatively undisturbed areas outside the direct and 
indirect footprint of industrial and human activity on land and in nearshore 
marine areas.  
Total Corridor Density: Kilometres of linear corridors per square kilometre. 
Specialized Environmental Features: Areas of unique vegetation 
communities, mineral licks, dens, nests, nesting colonies, Pingo Canadian 
Landmarks.  

Land 

Bear Mortality: Mortality of sensitive wildlife species (grizzly bear) 
including contribution from industry sources (management action, research, 
and illegal kill). 
Water Quality: Ambient concentration of regulated marine discharges 
Total Nearshore Marine Area Disturbed: Direct footprint of industrial and 
human activity in nearshore marine areas.   
Seasonal Aircraft and Vessel Activity: Area by month in designated travel 
corridors and movement areas where low level flights and vessel activity 
could occur. 
Bear Mortality: Mortality of sensitive wildlife species (polar bear) including 
contribution from industry sources (management action, research, and illegal 
kill). 

Nearshore Marine 

Specialized Environmental Features: Disturbance of designated features 
such as polar bear dens, Kendall Island Bird Sanctuary, and Beluga Whale 
Zone 1.  
Significant Cultural Features: Archaeology and heritage sites (including 
cabins, burial sites, historic trails, spiritual sites) as well as cultural sites still 
in use (trapping, fishing, hunting and gathering locations, cabins). Traditional Culture 

and Land Use Area Unavailable for Traditional Use: Area within the direct and indirect 
footprint of highly visible sites and those with intensive industrial use 
(inverse of core area available). 
Project Employment: Projected full and part-time employment by 
community. 
Training: Resident employee and contractor skill training and non-resident 
cross-cultural training. 

Community Well-
being 

Community Population: Projected permanent and transient population 
increase by community. 
Project Employment: Projected full and part-time employment by 
community. Economy and 

Business Project Income: Projected business and employment income (expenditures) 
by community. 
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2.3 THRESHOLDS AND LIMITS OF ACCEPTABLE CHANGE 

Indicators provide information about the likelihood of negative cumulative effects, but 
provide no direct measure of the acceptability of those impacts. Management thresholds 
are a tool used to provide this measure of acceptability.  

Thresholds may be based on outcomes (e.g., area of highly productive calving habitat) or 
inputs (e.g., area with land use)40. The regulatory advantage of thresholds is that they can 
allow development activities to proceed without detailed review until the defined 
threshold is reached. Once the threshold is reached, extra review or regulation is 
necessary. Thresholds also make the rules clear, and create opportunities to adopt 
innovative fiscal and economic instruments such as tradable disturbance rights41. 

Identification of numerical thresholds is one of the most challenging aspects of land and 
resource management because they must be technically defensible, politically acceptable, 
and administratively efficient. Unlike the theoretical example provided earlier in Figure 
1, in most cases cumulative environmental effects increase with the amount of human 
activity or disturbance and there is no distinct break-point that clearly separates 
acceptable and unacceptable conditions (Figure 4).  

For the dose-response relationship shown in Figure 4, habitat quality gradually decreases 
as more roads are added to an area. Note that because animals and people may respond 
differently to different types of land use, there are different relationships for primary 
roads (highways) and primitive roads (winter trails).   

 

 

 

 

 

 

 

 

 

 

Figure 4. Relationship between habitat quality and road density.  
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Similarly, there are no obvious social thresholds because responses to – and perceptions 
of − change differ among individuals, communities, and organizations. Social responses 
may be linked to different expectations. For example; some individuals or communities 
may place a priority on economic growth while others wish to maintain traditional 
harvest patterns − there are many viewpoints on what constitutes an unacceptable 
‘adverse’ effect. Political and social acceptability of thresholds therefore depends on how 
well they are perceived to balance community and regional values, interests, and 
expectations.  

Two approaches − Limits of Acceptable Change and Tiered Thresholds − have been 
adopted to address these technical and socio-political challenges to Threshold 
development. 

2.3.1 Limits of Acceptable Change 

Limits of Acceptable Change are “socially-defined endpoints or thresholds that reflect 
the desired balance between human activities and ecological and social sustainability”.  
This concept acknowledges that precise thresholds may not exist and sets boundaries on 
the extent of change that will be permitted.  

The Limits of Acceptable Change system uses local and traditional knowledge as well as 
scientific information to help define what is acceptable. This approach attempts to 
identify “How much use is too much?” by turning the question around and asking “How 
much change is acceptable?”42 A critical part of the Limits of Acceptable Change system 
is that limits are defined in a collaborative (group) process where decisions reflect the 
input of those who will be affected by them. Judgments of acceptability require not only 
the viewpoints of managers and scientists but of residents and land users as well.  

One challenge is that individuals often value and desire different things, and the 
relationship between land use and perceived quality varies accordingly. Limits of 
Acceptable Change frameworks address this by defining perceived quality across a 
spectrum of uses such as protected areas through to industrial zones. Limits are 
established as follows: 

• Identify what special features or qualities are important in the area (i.e., develop 
vision and objectives); 

• Describe land use classes where different resource, social, and managerial 
conditions will be maintained; 

• Select indicators that allow resource and social conditions to be described and 
measured (i.e., Valued Components and indicators); 

• Inventory existing resource and social conditions; and 

• Specify standards for resource and social conditions in each land use class (i.e., set 
thresholds). 
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Limits of Acceptable Change could be directly linked to land use categories included in 
approved Community Conservation and land use plans to provide more measurable 
management objectives. The example shown in Figure 5 uses the dose-response 
relationship (habitat quality-road density) provided earlier in Figure 4. Here, the Limit of 
Acceptable Change (dashed line) is set to allow more habitat loss in intensive 
development areas than in protected areas.   

 

 

 

 

 

 

 

 

 

Figure 5. Linking Limits of Acceptable Change with land use categories. 

2.3.2 Tiered Thresholds 

Tiered Thresholds are a series of progressive thresholds that reflect increasing degrees of 
concern or risk. This approach provides an integrated framework that relates two or more 
numerical thresholds to appropriate management and regulatory responses. Figure 6 
illustrates a three-tiered system used for air quality assessment and management in 
Alberta43. 

The ‘Critical Threshold’ is the continuous maximum amount of stress that an ecological 
or social system can support without sustaining long-term harm. When the Critical 
Threshold is reached or approached, restrictive management practices are formally 
adopted. These can include pre-defined protection and recovery measures mandated 
through the review and approvals process.  

A ‘Target Threshold’ reflects a politically or socially-defined goal for the amount of 
stress on a system. A Target Threshold can be characterized as the level that is politically 
and practically achievable and provides adequate long-term protection to the environment 
or resource of interest. When this threshold is reached, enhanced management practices 
are formally adopted. 
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A ‘Cautionary Threshold’ is established to indicate when additional or more intensive 
monitoring is required. When this threshold is reached, issue-specific monitoring is 
initiated to document environmental conditions or responses.  

 

 

 

 

 

 

 

 

Figure 6. Application of Tiered Thresholds to management actions.  
 

Where there is not enough information to determine how much stress a social or 
environmental system can sustain, a decision can be made to define an interim threshold 
between the cautionary and target thresholds. Final thresholds would then be established 
only after further monitoring, research, and stakeholder consultation.  

Figure 7 provides an example of how Tiered Thresholds could be applied to indicators 
such as habitat quality and land use that change relatively slowly. This example uses the 
dose-response relationship (habitat quality-road density) provided earlier in Figure 4. 

 

 

 

 

 

 

Figure 7. Applying Tiered Thresholds and management to habitat availability or 
quality.  
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Figure 8 provides an example of how Tiered Thresholds could be applied to animal 
population indicators or other indicators that vary over time. 

 

 

 

 

 

 

Figure 8. Applying Tiered Thresholds and management to abundance or 
population estimates. 

 

 
The primary strength of Tiered Thresholds is the formal link between the thresholds and 
impact management (shown earlier in Figure 6). This provides a framework to gather 
data on actual responses and modify project review and management actions as 
appropriate. A secondary benefit is that Tiered Thresholds directly recognize the 
uncertainty around our understanding of complex environmental and social relationships. 
Finally, Tiered Thresholds provide the flexibility necessary for different land 
management zones and environmental settings, for a full range of development proposals, 
and for both project-specific and regional cumulative effects. 
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3. CONCLUSIONS: LESSONS LEARNED 

Several lessons can be learned from the past and ongoing thresholds initiatives described 
later in Section 4.  

1. Thresholds cannot be based only on science; they must take into account social 
values, public policy, and traditional and local knowledge.  

2. Thresholds work best when they are developed and used to manage negative 
effects of human activities, not stop resource development.  

3. Thresholds work best when they are part of a cumulative effects assessment 
and management framework.  

4. ‘Technically defensible’: thresholds must be agreed to reflect the best available 
local and traditional knowledge and science. Until recently, threshold 
development has been stalled at this first stage because the use of thresholds 
generates much technical debate and controversy. 

5. ‘Politically acceptable’: thresholds must be socially acceptable and appropriate. 
This does not happen on its own and generally requires: a clear management 
vision; involvement and support of all residents, managers, and resource users; 
a clear understanding of likely benefits and costs; political and community 
support; and adequate time and resources. Land use planning processes are the 
most effective way to achieve this.  

6. ‘Administratively efficient’: implementation requirements must be directly 
evaluated and addressed when developing thresholds. This includes: existing 
legal requirements; administrative processes and procedures; project-specific 
and regional impact management tools; decision rules; and monitoring, 
enforcement, and reporting requirements.  

7. ‘Limit of Acceptable Change’ and ‘Tiered Thresholds’ approaches described in 
Section 2.3 have been well received because they deal with many technical and 
political issues.  

8. Candidate thresholds should be tested and refined in a defined pilot project area 
to confirm actual benefits and costs and resolve unexpected implementation 
issues.  

9. An integrated regional database that is readily available and routinely updated 
is required to support threshold implementation and decision making. Land 
users should be required to provide digital project data in a standardized 
manner so that updating can be streamlined.  
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4. USING THRESHOLDS: CURRENT PRACTICES 

Several initiatives have considered or applied thresholds in western and northern Canada 
over the last six years. This section introduces these examples and provides information 
on ‘lessons learned’ from our collective experience to date in the NWT (Section 4.1), 
Yukon (Section 4.2), northeast British Columbia (Section 4.3), and the pan-northern 
Northern Ecosystems Initiative Working Landscapes project (Section 4.4).  

4.1 NORTHWEST TERRITORIES 

4.1.1 Cumulative Effects Assessment and Management Framework 

The NWT Cumulative Effects Assessment and Management (NWT CEAM) framework 
consists of nine linked components necessary for managing cumulative effects. These 
components are: 

1. Vision and Objectives; 

2. Land Use Planning; 

3. Baseline Studies and Monitoring; 

4. Research; 

5. Audit and Reporting; 

6. Project-specific Screening, Environmental Assessment, and Review; 

7. Regulation and Enforcement; 

8. Information Management; and 

9. CEAM Coordination. 

Thresholds have been identified as a useful element of the framework and research on 
threshold development and implementation is identified as an action item44. 

4.1.2 NWT Cumulative Impact Monitoring Program 

When fully implemented, the NWT Cumulative Impact Monitoring Program (NWT 
CIMP) will be a community-based monitoring program that incorporates scientific and 
traditional knowledge to document environmental change from cumulative impacts. 
CIMP has identified 12 Valued Components linked to specific indicators. These 
indicators will be used in State of the Environment and Knowledge Reporting, and 
ultimately, linked to thresholds or Limits of Acceptable Change45.  

4.1.3 Dehcho Land Use Plan 

The Dehcho Land Use Planning Committee commissioned a technical report to develop 
thresholds for the planning region. This report identified 18 candidate physical-chemical, 
environmental, land use, and social indicators to summarize information and help focus 
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land and resource management activities in the plan area. Indicators were: air quality; 
water quality; relative water quality index; habitat availability for focal species; 
specialized habitat features; minimum core area; fish habitat; total corridor density; total 
cleared/disturbed area; significant environmental features; stream crossing density; 
significant cultural features; community population; wage employment participation rate; 
regional revenue by resource sector; area available by resource sector; and visual quality. 
Candidate tiered thresholds were also identified for physical-chemical, environmental and 
land use indicators. Tiered thresholds were linked to general land management zones. 
The report also recommended that further work be undertaken in a Phase II study to give 
all affected groups and individuals the opportunity to test and refine the candidate 
thresholds46; this Phase II work was not undertaken. 

Four of the candidate environmental and land use indicators identified in the technical 
report were adopted in the draft plan issued in mid 2005: corridor/road density; habitat 
available; minimum patch size and core area; significant habitat and environmental 
features; and stream crossing density. Tiered thresholds linked to land management zones 
were included for each indicator47.  

Numerous comments on the tiered threshold scheme were received during the draft land 
use review period48. Key concerns were that proposed tiered thresholds: were too 
complex; prevented further hydrocarbon exploration and development; did not reflect 
known problems with the existing geographic information system data set; created 
implementation issues; implementation should be delayed pending further monitoring; 
and, calculation rules were unclear. The draft land use plan was subsequently revised to 
incorporate a single threshold value for each indicator based on refined calculation 
rules49. Many recent comments on the revised draft land use plan are similar to those 
received on the draft plan. 

A final recommended Dehcho Land Use Plan incorporating cumulative effect indicators 
and thresholds is to be submitted in mid-2006.  

4.1.4 Beaufort Sea – Mackenzie Delta Initiatives  

4.1.4.1 Inuvialuit Cumulative Effects Assessment Guides 

The Inuvialuit Joint Secretariat commissioned several reports to evaluate current and 
potential cumulative effects assessment capability50,51,52. Land use and wildlife thresholds 
are identified as a useful component of a cumulative effects assessment framework that 
do not currently exist for the region. Cooperative work to develop regional thresholds or 
standards for Valued Components is recommended.  

4.1.4.2 ESRF Beaufort Delta Project 

The Environmental Studies Research Fund has identified cumulative effects as a research 
priority. The fund commissioned a study in 2004 to complete a cumulative effects project 
for the Beaufort Delta region. This work was directed by a Technical Advisory Group 
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with representatives from government, industry, northern review agencies, aboriginal and 
environmental organizations, and academia. The objectives of this study were to:  

1. Identify Valued Components that are of importance to the people of the area; 

2. Identify environmental and social indicators for each Valued Component that 
are of practical assistance in assessing and minimizing adverse cumulative 
effects in the Beaufort Delta region; and  

3. Develop thresholds, carrying capacity, and/or limits of acceptable change for 
these indicators. 

The draft report submitted in February 200553 is currently being finalized. It proposed an 
integrated management Vision and Objectives based on approved Inuvialuit Community 
Conservation Plans and the Gwich’in Land Use Plan (see Section 2.1 of this document). 
A suite of seven Valued Components was linked to thirteen environmental, socio-
economic, and land use indicators (see Table 1 provided earlier in Section 2.2). The 
report reviewed social and environmental indicators used in the NWT and also described 
the current state of indicators in the Beaufort Delta region. Candidate Limits of 
Acceptable Change/Thresholds were identified for each indicator and Valued 
Component.  

The overall framework and approach was reviewed with community, government, co-
management, aboriginal and industry representatives at a workshop held in Inuvik. 
Workshop participants were generally supportive of the approach, but indicated that 
further consultation would be required before applying the candidate limits or thresholds. 
They were understandably concerned about the impacts of threshold and limit 
implementation, and wanted to ensure that these management tools provide an 
appropriate balance between desired economic development, social conditions, and 
environmental protection.  

4.1.5 Slave Geological Province Regional Plan of Action 

A draft regional assessment and plan of action has been developed for the Slave 
Geological Province54 as part of the NWT CEAM initiative. “The Regional Plan of 
Action for the Slave Geological Province will make recommendations to decision-makers 
to facilitate the protection of ecological integrity, the building of sustainable communities 
(including social and economic dimensions), and responsible economic development 
within a sound environmental management framework.” This includes:  

• Mechanisms to make well-informed decisions about the environment and human 
activities, particularly in cases involving transboundary issues; 

• Systematic and coordinated approaches to cumulative effects assessment and 
management; 

• Common principles and links between environmental management processes 
including land use planning, land and water management, cumulative impact 
monitoring, and environmental audit; and 
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• Improved certainty, clarity, efficiency, transparency and accountability of 
processes, roles and responsibilities at all levels. 

Cooperative work to develop regional thresholds or standards is recommended as part of 
the plan of action. 

4.1.6 NWT Caribou Thresholds 

A linear corridor threshold for woodland caribou was recommended by the Mackenzie 
Valley Environmental Impact Review Board for a proposed project in the Cameron Hills 
area near the Alberta border55. This was one of several recommendations that generated 
controversy and extensive discussion during a ‘consult-to-modify’ process that concluded 
in March 2005. Responsible federal ministers accepted this recommendation as an 
interim land disturbance target for use by the Mackenzie Valley Land and Water Board 
and appropriate regulatory authorities. Further work on this interim target was 
recommended as part of a territorial Environment and Natural Resources department 
boreal caribou management initiative56.  

4.2 YUKON  

4.2.1 North Yukon Planning Commission 

The North Yukon plan is currently the most advanced planning process in the Yukon and 
will likely serve as a model for subsequent planning coordinated by the Yukon Land Use 
Planning Commission. The North Yukon Planning Commission intends to develop a 
recommended land use plan that includes essential components of a cumulative effects 
management framework, specifically: a regional atlas or database and recommended 
effects management tools. The North Yukon plan will likely be based on a land use 
designation system consisting of sub-regions and landscape units. Sub-regions will be 
used to organize the plan geographically and to focus its recommendations. Smaller 
landscape units based on watersheds or biophysical conditions within these sub-regions 
will be used to provide detailed management direction as warranted. Economic, social, 
and ecological indicators will be identified for planning and management purposes. 
Wherever possible, concise, well-defined land and resource, ecological, and social ‘limits 
of acceptable change’ or ‘thresholds’ will be used to help clarify land management 
objectives. These will be linked to the regional land use designation system57. 

4.2.2 Kaska Traditional Territory 

The independent Kaska Forest Resources Stewardship Council is developing a 
recommended land use plan. The Council’s long-term objective is for this to consist of an 
effects management framework incorporating sub-regional management units and ‘limits 
of acceptable change’ or management targets. The interim product to be prepared in 
2006, the Kaska Regional Forest Management Plan, will provide broad direction on 
forest management. This will likely include cumulative effects indicators to be 
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considered, but recommended limits or management targets for these indicators may not 
be provided.   

4.2.3 Yukon Wildlife Thresholds 

Several reports on developing wildlife and land use thresholds were prepared for DIAND 
and Environment Canada in the Yukon. These review overall threshold concepts relevant 
to birds and mammals58, discuss a pilot program to develop wildlife thresholds for the 
Yukon59,60, and describe an approach to set thresholds for woodland caribou61.  

These background studies led to a proposed land use threshold for woodland caribou 
winter range in the southeast Yukon62. This proposed threshold apparently created 
controversy because of its perceived potential to affect forestry activities and has not 
been formally implemented. The primary implementation barrier appeared to be the 
absence of a clear regional management vision.  

4.3 NORTHEAST BRITISH COLUMBIA 

4.3.1 Muskwa-Kechika Pre-Tenure Plans 

The British Columbia Ministry of Sustainable Resource Management established a 
framework that includes management indicators and targets (thresholds) for oil and gas 
activities in the Muskwa-Kechika Management Area. This is the only northern example 
where land use thresholds have been legally implemented.  

Pre-tenure plans prepared for this area emphasize the results that are to be achieved by oil 
and gas companies in terms of outputs or products that must be delivered, and the 
required results defined by key indicators. These elements were designed to be consistent 
with a sustainable forest management framework so that they could be consistently 
applied for both forestry and hydrocarbon activities63.  

Targets represent the socially acceptable, economically feasible, and environmentally 
sustainable conditions that define how management activities are to occur. In most cases, 
developers have the flexibility in using professional judgement to determine how to best 
achieve the targets.  

Numerical targets were provided for the M-KMA whenever possible as a means of 
quantifying the acceptable future state of the indicators. These numerical targets were 
acknowledged to represent an initial attempt to find the balance that optimizes resource 
values in the M-KMA. New information and research and monitoring results will be used 
to amend the targets as required. Targets were developed for the following indicators: 
disturbance to specific vegetation communities; amount of habitat disturbed by quality 
class; areas of special biological significance; abundance and distribution of non-native 
species; proportion and amount of disturbed area restored; spills and releases; traditional 
resource use and heritage sites; consultation with First Nations; volume of oil and gas 
produced; royalties generated; and number of unresolved conflicts.  
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This innovative approach was considered in a case study commissioned by the National 
Round Table on the Environment and the Economy64. The case study concluded that 
success was made possible by the existence of clear government policy and political will, 
the shared vision and support of major players in the region, and a legislated mandate and 
implementation framework. 

4.3.2 Cumulative Impact Management Framework 

The British Columbia Science and Community Environmental Knowledge Fund, in 
conjunction with the Muskwa-Kechika Advisory Board, sponsored research into 
cumulative impact management in northeast British Columbia. The resulting Sustainable 
Impact Management Strategy included a framework linking project-specific and regional 
management tools65 and candidate cumulative effects indicators and thresholds linked to 
land use plan resource management zones66,67. Key components of the cumulative impact 
management framework include: 

• Regional Assessment: an assessment of regional values, existing impacts, and areas 
of potential concern (referred to as ‘hotspots’); 

• Project ‘Screener’: a customized tool for the Oil and Gas Commission to use in 
screening cumulative impacts at the application stage; 

• Impact Management Measures: techniques for managing impacts at the project and 
regional scales; 

• Indicators and Tiered Thresholds: four measures that proponents and regulators can 
use to define limits of acceptable change so that they can be continually tracked and 
evaluated; tiered thresholds are linked to Resource Management Zones identified in 
regional ‘Land and Resource Management Plans’; and  

• Research, Monitoring, and Adaptive Management: information requirements and 
tracking of progress.  

Four indicators were recommended for northeast British Columbia to measure the direct 
and indirect impacts of human development from both project-specific and regional 
cumulative impacts. These include: 1) road and trail density; 2) stream crossing index; 3) 
core area; and 4) patch and corridor size. Case studies conducted for two areas in 
northeast British Columbia showed that these indicators were as useful as more complex 
and costly habitat quality indicators. 

‘Made-for-northeast British Columbia’ tiered thresholds were developed for each 
indicator based on a review of scientific literature and results from the two case studies. 
Candidate thresholds were related to the land use plan management zones. With this 
approach, the most conservative or stringent thresholds were linked to ‘Protected Areas’ 
and ‘Special Management Areas’, intermediate thresholds to ‘General Management 
Areas’, and less restrictive thresholds to ‘Enhanced Resource Development’ areas68.  

The Cumulative Impact Management framework was endorsed by regional regulators and 
resource managers in May 2003, but has not yet been formally implemented. 
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Implementation barriers included a change in provincial policy that favours intensive 
resource development in the region, and need to build aboriginal support for regional 
management initiatives. Work on the ‘Project Screener’ and First Nation involvement has 
continued.  

4.4 THE NEI WORKING LANDSCAPES PROJECT 

The four year Northern Ecosystems Initiative Working Landscapes: Integrated 
Cumulative Effect Thresholds project (NEI CE Thresholds project) is a multi-stakeholder 
project funded by Environment Canada. It consists of nine independent, but coordinated, 
studies undertaken by academic, government, and private consulting representatives with 
recognized expertise in cumulative effects assessment, thresholds, models, and decision-
making processes. Collaborators include: 
• Vic Adamowicz, University of Alberta (Social/economic: Tradeoff analysis) 
• Terry Antoniuk, Salmo Consulting Inc. (Technical Liaison, Implementation)  
• Bob Bailey, University of Western Ontario (Aquatic: Benthos) 
• Erin Bayne, University of Alberta (Wildlife: Birds and Mammals) 
• Stan Boutin, University of Alberta (Wildlife: Caribou) 
• Monique Dube, University of Saskatchewan (Aquatic Lead) 
• George Hegmann, Axys Environmental Consulting Ltd. (Implementation Lead) 
• Steve Kennett, Canadian Institute of Resources Law (Implementation: Legal) 
• Naomi Krogman, University of Alberta (Social/economic: Social impacts) 
• Scott Herron, Canadian Wildlife Service (Yukon Liaison) 
• Trefor Reynoldson, Acadia University (Aquatic: Benthos) 
• Brad Stelfox, Alberta Research Council (Integrated Landscape Modelling) 
• Mike Sullivan, Alberta Sustainable Resource Development (Aquatic: Fish) 
• Marian Weber, Alberta Research Council (Social/economic Lead) 
• Leslie Wilson, Environment Canada (NWT Liaison) 

The science of cumulative effects theorizes that environmental, social, and economic 
conditions respond to increasing doses of natural and human-caused changes in ways that 
can be monitored. Environmental and social outcomes have largely been considered in 
isolation. Dose-response curves provide a scientific framework that can be used across 
disciplines to allow change to be measured in a common way. By examining responses at 
low, medium, and high levels of landscape change, relationships between ecological and 
social indicators can be developed. These dose-response curves can then be integrated 
into landscape models to evaluate trade-offs and identify practical options that reflect 
desired social, economic, and environmental outcomes. Such models can help inform 
northern communities, aboriginal groups, regulators, and land users about the benefits 
and risks of cumulative effects management.   
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In the north, this approach is hampered by: (a) a lack of empirical northern data with 
which to build dose-response relationships; (b) the need to incorporate local and 
traditional northern knowledge and understand regional preferences; (c) a shortage of 
knowledgeable and skilled northern practitioners; (d) lack of a unified approach across 
disciplines; and e) the need for innovative instruments to address fiscal and regulatory 
barriers. The NEI CE Thresholds project is working to address these shortfalls.  

The NEI CE Thresholds project is developing a complementary suite of technical, 
communication, and implementation tools using case studies in the North Yukon (see 
earlier summary in Section 4.2.1) and Labrador. These tools will be designed to help 
northern stakeholders define appropriate and socially acceptable thresholds or Limits of 
Acceptable Change for valued ecosystem and social components. The suite of tools 
includes:  

• suitable cumulative effect indicators for ecological and social systems;  

• science-based ‘dose-response curves’ that relate changes in human activity 
intensity to indicator condition;  

• ‘integrated land management models’ to help stakeholders evaluate options 
and trade-offs;  

• community-based implementation processes; and 

• communication materials for workshops, presentations, and technical 
publications. 
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