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Summary of activies at CFS relevant 

to Cumulative Impacts in forestry 

 Vulnerability assessments / evaluation of 

adaptive capacity 

 Forest Change – tracking system, toolkit, 

integrated assessment 

 Adaptive forest management practices 

(Assisted migration, Genetic 

variability/adaptation & epigenetics, 

Innovative nursery practices) 
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Summary of relevant activities at 

CFS 

 Climate:  High resolution climate and CC models 

and maps 

 Climate:  Response to CC-related increase of 

spruce budworm (SBW) 

 Interactions 
 MPB/fire/CC 

 drought/forest health/CC 

 growth/mortality 
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Summary of relevant activities at 

CFS 

 Dendrochronology and future forest 

projections 

 Future ecosystem and climate modeling 

 Impacts of CC on boreal transect function 

 National transect network for tracking, 

reporting, forecasting change 

 Cumulative anthropogenic impacts in 

the boreal forest. 
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10 Rating Matrices for Anthropogenic Factors Affecting the Canadian Boreal Forest 
Indicate a score of 1-10 

Factor 
Extent of 

Spatial Footprint 

Scope of interaction 
with other factors & 

processes 

Intensity of physical 
(biological, 

environmental) 
impact 

Degree of 
Social impact 

Degree of primary 
interaction with other 
Factors & Processes 

Longevity or 
persistence of impact 

Dearth of 
ammelioration 

effort or method for 
impact 

Dearth of knowledge 
about impact 

Past Present Future Past Present Future Past Present Future Past Present Future Past Present Future Years Decades Centuries Past Present Future Past Present Future 

Land use (extant and modified) 
   -Mineral resources 

Mining 

Exploration 

   -Energy resources 
    (including production sites, rights-of-way) 

Oil 
Gas 

Hydroelectric 

   -Transportation 

Roads 
Railways 

   -Settlement 
Urban/suburban 

Rural 
   -Agriculture 

   -Forestry 

Timber harvest 
Silviculture/planting 

   -Non-timber forest use 

Hunting 

Fishing 

Tourism 

Other forest products 

   -Peat mining 

   -Forest/landscape fragmentation (all causes) 
                                                                  
Extant and Short-term* Climate Change 

   -Acute Disturbances: 
Fire 

Pests (Insect & disease 
outbreaks) 

Drought 
   -Fundamental shifts or change: 

Climate zones 
Biodiversity & natural migrations 

Pest (insect, disease, vegetation) dynamics 
Productivity/maladaptation 

Permafrost degradation 

Fire adaptation/maladaptation (serotiny) 
                                                                  

Modified Hydrological Systems 

Impoundments 
(size, number, configuration) 

Flowpath intersection/alteration 

Placer mines 

Aquatic/Riparian 
Biodiversity 

                                                                  
Invasive Introductions 

Terrestrial (soils/belowground) 
Terrestrial (aboveground) 

Aquatic/Riparian 

                                                                  
Pollution 

Air 
Water 

Soil 
                                                                  

Modified Fire Dynamics 

Fire suppression 
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Issues 

 Sustainability of 

forest practices 

 Maintaining 

productivity 

 Maintaining 

resiliency, 

integrity, 

biodiversity 
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What’s falling through the cracks? 
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 Addressing Cumulative Effects in Natural 
Resource Decision-Making  
A Framework for Success  
CEF Overview Report February 2014  
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These activities are 
intensifying, expanding, 
and resulting in 
disruptions that 
deteriorate the 
productivity and 
biodiversity of the 
ecosystem.  

Canada’s boreal forest ecosystem is at  
increasing risk from natural development 

activities 
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Cumulative effects of  
natural resource extraction activities 

 If undesirable changes are a result of the  

combined residual effects of human 

activities operating within the bounds of 

regulatory frameworks… 

 Then our regulatory frameworks need to 

be improved. 
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Series of Environmental Reviews conclude that human 
activities are placing at risk the productivity and 
biodiversity of the Boreal ecosystem 

Natural Resource Extraction: Forest cover is removed (e.g., for forestry, 

mining, energy) resulting in the loss of services provided by forests  

Landscape Fragmentation: Parceling of the landscape into smaller 

pieces by the installation of roads, seismic lines, pipelines, railroads, and 

power corridors 

Land Use/Land Cover Change: Demographic driven change in urban, 

agricultural and industry areas 

Pollutants and Contaminants: Point source emissions and long-range 

transport of air and water pollutants related to industrial activities 

Invasive (non-alien and) alien species: Elimination or displacement of 

native species by non-native species introduced deliberately or accidently, 

causing ecosystem change or species loss 

Technological practices: Certain practices of various industrial sectors 

may overwhelm the resilience of ecosystems to recover from disturbances 



21 

Why do ecosystem management policies fail? 

 
Policy failures stem from a gap that exists between science 

and management.  

Science is not effectively mobilized for consultation 

purposes in policy formation or understood by policy 

makers.  

Management neglects to ask the appropriate questions to 

science in order to effectively improve legislation.  

We recognize the need to work within existing 

governance structures. 

We envision a combined systems approach to link 

science and management for the conservation of Boreal 

Forest productivity and biodiversity.  
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Why do ecosystem management 

policies fail? 
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Definitions: Risk, Assessment, Management 

Risk: The effect of uncertainty on policy objectives. 

 

Risk Assessment:   

The likelihood, magnitude and severity of ecosystem 

impacts based on an  

understanding of the ecosystem science.  

 

Risk Management:   

The effectiveness of management measures at achieving 

ecosystem objectives.  

This is achieved by improving controls to reduce the 

likelihood, magnitude and severity of ecosystem impacts, and 

by implementing recovery from ecosystem impacts. 
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Science vs. Management 
Risk Assessment 

 Description of the ecosystem impacts 

 What can go wrong? 

 Likelihood of the impacts 

 How likely is it to go wrong? 

 Magnitude of the impacts 

 What could be the consequences of it 

going wrong?  

 

Risk Management  

 Evaluate the severity of the impacts 

 How bad is it? 

 Eliminate, avoid or control the 

likelihood of the impacts 

 What can be done to reduce the 

likelihood of it going wrong? 

 Mitigate or restore from the losses 

caused by the impacts 

 What can be done to reduce the 

consequences of it going wrong? 

Likelihood criteria 

A B C D E 

Almost never 
observed-may 
occur only in 
exceptional 

circumstances 

Has occurred 
infrequently 

before to 
others in 

similar 
circumstances 

Has occurred 
here before, 
or has been 
observed in 

similar 
circumstances 

Has occurred 
here more 

than once, or 
is occurring to 

others in 
similar 

circumstances 

Occurs here 
regularly 

Impact and Consequences criteria 

0 1 2 3 4 

Pristine Nominal 
response 

Moderate 
response 

Severe 
response 

Catastrophic 
response 
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Science 

 Build an understanding of the ecosystem 

 Characterize ecosystem structure and function 

 Predict likely ecological impacts 

 

Management 

 Establish objectives and outcomes 

 Establish accountability 

 Integrate ecosystem considerations in decision-making 

 Develop and implement management measures 

Systems Approach to  

Science vs. Management 
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Definitions: Risk, Assessment, 
Management 

Based on a combined systems approach to link science 

and management, the following are possible outcomes:   

(1) No management measures required;  

(2) Existing management measures adequate;  

(3) Existing management measures need enhancement; or 

(4) Additional management measures needed. 
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International Organization for 

Standardization (ISO) 
 

What is a standard? 

A standard is a document that provides 

requirements, specifications, guidelines or 

characteristics that can be used consistently 

to ensure that materials, products, 

processes and services are fit for their 

purpose.  

 

What are the benefits of ISO?  

ISO International Standards ensure that 

products and services are safe, reliable and 

of good quality.  
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(ISO, 2009b)  

Risk Management Framework 
ISO 31000:2009 (ISO, 2009b) 
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Risk Management Framework 
ISO 31000:2009 (ISO, 2009b) 

An evaluation of Canadian program 
activity shows the following allocation of 
resources:   
• Establishing the ecosystem 

management context (31%);  
• Risk identification (44%);  
• Risk analysis (6%);  
• Risk evaluation (6%); and  
• Risk treatment (0%).  

 
These steps are supported by 
communication and consultation with 
governance, stakeholders and 
communities of interest (6%), and review 
and monitoring of management plan 
implementation and effects (6%). 
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Risk Management Framework 
ISO 31000:2009 (ISO, 2009b) 

  

• 75% of the resources are spent on 

establishing ecosystem 
management context and risk 
identification 

• 12% on risk analysis, evaluation 

and treatment, and 12% on 
communication/consultation and 
review/monitoring. 
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Risk Analysis Tool 
The Bowtie Analysis (ISO31010:2009) 

The Bowtie 
Tool takes a  
structured 

and systems 
approach 

to risk 
analysis, 

evaluation, 
and 

treatment. 
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Bowtie uses a structured approach for 
managing ecosystem risks 

 Drivers – social, cultural, economic and 

political influences that drive human 

activities. 

Causes – physical, chemical, or biological 

agents introduced or discharged into the 

ecosystem as the result of human activities. 

Consequences – potential harmful 

impacts that may occur as a result of the 

risk event.  

Prevention Controls – controls that 

reduce the likelihood of the causes of a risk 

event.  

Mitigation Controls – controls that 

reduce the magnitude and severity of 

consequences after a risk event occurs. 

Escalation Factors – undermine the 

effectiveness of prevention or mitigation 

controls; they focus attention to intrinsic 

design weaknesses as well as to outside 

influences (e.g., climate change). 
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Bayesian Belief 
Network 
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Bayesian Belief Network 

An event is the result of additive, synergistic or independent 
causes.  
 
The Bayesian Belief Network is a powerful tool for modeling 
decision-making under uncertainty.  
 
The Bayesian Belief Network is a quantitative tool that uses 
expert feedback to model the pathways from causes to 
multiple consequences linking to some observable result, 
such as loss of productivity or biodiversity.  
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Risk Event for the boreal? 

Productivity loss:  

Loss of the capacity of a landscape 

to produce a merchantable 

resource within a reasonable 

amount of time (i.e., the rate of 

removal of renewable resources 

exceeds the rate of regeneration) 

Biodiversity loss:   

Loss of species (i.e., extractions) or 

reduction in species range, 

ecosystem simplification, 

ecosystem change, genetic loss, 

and reduced resilience 
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The gaps become apparent 

 Gaps in best available science needed to 

make decisions about cumulative impacts 

 Gaps in policies, rules, and regulations 

needed to prevent policy failures 

 Gaps in policies, rules, and regulations 

needed to mitigate policy failures 

 Gaps in management of outcomes 
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Ecological         Social         Economic             Political  

Risk Matrices 
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Don’t get lost in the weeds! 
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