Refining Environmental Impact Assessments: Focusing on Valued Components 

Introduction

Approaches to Environmental Impact Assessment (EIA) typically consider a number of components, including issue scoping, selection of valued components (VC), baseline studies, effects predictions, determination of significance, and recommended monitoring and follow-up programs.  Valued components are used to provide scientifically credible and defensible definitions for several elements of the EIA approach and method.

The selection of VCs is a process that reflects a balanced and knowledgeable synthesis of a wide range of information including the design of the Project, the environmental setting where the Project is located, and an understanding of concerns and issues associated with the development of the Project.  Although an EIA will evaluate all potential Project-environment interactions, the intent is to focus the assessment on those interactions with the greatest potential to result in significant effects to both biophysical and socio-economic components of the environment.  
What are Valued Components?
Valued components represent physical, biological, cultural, social, and economic properties of the environment that are considered to be important to society.  The inter-relationships between components of the biophysical and human environments provide the structure of a social-ecological system (Walker et al. 2004; Folke 2006).  The concept of using VCs as a fundamental aspect of environmental assessment in Canada, and elsewhere, was established approximately 30 years ago (Beanlands and Duinker 1983).  
How are Valued Components Selected?

A preliminary evaluation is completed at the project concept stage to identify key interactions between a proposed project and various components of the biophysical and socio-economic environment.  This evaluation identifies key issues to support the initial VC selection process.  This preliminary evaluation also provides a basis for understanding what interactions are present for each of the major phases of the project (i.e., construction, operations, and decommissioning and reclamation, as well as accidents, malfunctions, and unplanned events) and how anticipated events can be mitigated. The identification of the key Project-environment interactions and the initial selection of VCs build on the preliminary project scoping meetings with government, public, and First Nations, Inuit, and Métis, and also consider the following attributes:

· presence, abundance, and distribution within, or relevance to, the area associated with the project;

· potential for interaction with the project;

· conservation status or concern; 

· ecological and/or socio-economic value; 

· identified importance to interested public, First Nations, Inuit, and Métis, government agencies, the scientific community and/or the proponent; and

· sensitivity to potential project effects.

Resilience to change is also considered when selecting VCs. Resilience includes the ability of the population to adapt to change (e.g., rate and degree of fluctuation in population abundance and distribution after a disturbance). Properties of the environment that are considered to be sensitive due to limited resilience (e.g., fish populations that are restricted in distribution, listed species, and sensitive ecosystems), and that have the potential to be affected by the Project should be specifically considered in the selection of VCs. In some cases, a VC (e.g., fish populations) may be assessed using representative species (e.g., westslope cutthroat trout [Oncorhynchus clarkia lewisi]) because the Project interaction to that species has been demonstrated, sufficient suitable information to make effect predictions is available, and that species may represent a bounding condition for effects.

The identification of key Project-environment interactions and the initial VC selection process is used to guide the design of scientifically robust environmental baseline programs.  Environmental baseline studies are completed to document existing conditions in the local and regional study areas.  Observations collected during baseline studies represent part of the range of variation in the ecological and socio-economic systems produced by historical and current environmental pressures (both human and natural).  As such, baseline conditions represent the cumulative effects from previous and existing land use practices and natural processes that have shaped the biophysical, cultural, and socio-economic components during the period of human settlement.  Results of the baseline studies are used to support the final VC selection.  The final VC selection considers feedback from ongoing regulatory, public, First Nations, Inuit, and Métis engagement activities, professional judgment and experience, and current environmental assessment practices.
How are Valued Components Used to Focus an Environmental Impact Assessment?

Measurement Indicators and Assessment Endpoints
The definitions of the measureable indicators of change (i.e., measurement endpoint) and the aspect or key properties of the VC that requires protection to be sustainable (i.e., assessment endpoint), help to focus baseline studies, but are also important for predicting significance of residual effects and for monitoring and managing these effects (Noble 2010).  
Assessment endpoints are typically qualitative expressions used to assess effects on VCs (e.g., ability of a VC species to remain self-sustaining and ecologically effective).  Assessment endpoints represent the key properties of the VC that reflect its ecological status or societal value. Assessment endpoints are general statements about what is being protected. An assessment endpoint may or may not be measurable. If an assessment endpoint is not measurable, then one or more separate measurement endpoints are defined, which are attributes of the VC that can be directly related to an assessment endpoint. 

Measurement endpoints (indicators) represent properties of the environment or a population that, when changed, could result in, or contribute to, an effect on an assessment endpoint.  Measurement endpoints may be quantitative (e.g., concentrations of metals in surface water) or qualitative (e.g., movement and behaviour of wildlife from disturbance to travel corridors). Effects to long-term social, cultural, and economic values are predicted through analysis of measurement endpoints such as employment and income, education and training, and capacity for, traditional, agricultural, and recreational land use.  Measurement endpoints also provide the primary factors for discussions concerning the uncertainty of effects to VCs, and subsequently, are the key variables for study in monitoring and follow-up programs.

The significance of effects from the Project on VCs is evaluated by linking changes in measurement endpoints to effects on an assessment endpoint.  For example, changes in habitat quantity and quality (measurement endpoints) are used to assess the significance of effects from the Project on the ability of a wildlife population to remain self-sustaining and ecologically effective (an assessment endpoint). Effects to wildlife are also used to determine the significance of the Project on the continued opportunity for traditional and non-traditional use of wildlife.
Refining Spatial and Temporal Boundaries Based on Valued Components
To facilitate the assessment of residual effects, it is necessary to establish relevant spatial and temporal boundaries within which potential effects are to be evaluated.  Individuals, populations, and communities function within the environment at different spatial and temporal scales.  In addition, the response of physical, chemical, and biological processes to changes in the environment can occur across a number of spatial scales at the same time (Holling 1992; Levin 1992).  As a result, the scale of an investigation will determine the range of patterns and processes that can be observed and predicted with certainty (Wiens 1989; Harris et al. 1996). Spatial and temporal boundaries of the assessment are VC-specific, which provides ecologically relevant assessment predictions.
Effects from a project on the biophysical environment are typically stronger at the local scale, and larger scale effects are more likely to result from other ecological factors and human activities.  For example, effects from a project on VCs with limited movement (e.g., vegetation) will likely be limited to local changes from project activities.  Similarly, for species with small home ranges, any effects from a project on a local population will likely not be transferred to other populations of the same species at a larger regional scale.  For VCs with more extensive distributions, such as wildlife species with large home ranges, effects from a project would have a higher likelihood of combining with effects from other human developments and activities.  For example, larger animals (e.g., moose) that are influenced by a project will likely encounter other human activities and developments in their daily movements.  Consequently, effects from a Project could combine with influences from other developments in the individual’s home range.  In addition, the home ranges of several individuals may be affected, which results in cumulative effects to a population.

The purpose of the examples above is to emphasize the different levels of organization in natural systems, and the correspondent need to analyze and predict a project’s effects to VCs at the appropriate spatial scales.  For an EIA, the spatial scope must be able to capture the processes and activities that influence the geographic distribution and movement patterns specific to each VC.  Because the responses of physical, biological, cultural, social, and economic properties to natural and human-induced disturbance will be unique and occur across different scales, baseline studies should use a range of spatial and temporal scales (Wiens 1989; Levin 1992).  
Spatial and temporal boundaries are tightly correlated because processes that operate on large spatial scales typically occur at slower rates and have longer time lags than processes that operate on smaller spatial scales (Wiens 1989; Chapin et al. 2004; Folke et al. 2004).  An example of a large spatial scale process that occurs at a slow rate is the change in the northern and southern extent of the boreal forest.  Alternately, rapid changes in plant transpiration rates and animal behaviour typically occur at smaller spatial scales.  

The temporal boundary are VC-specific and are defined as the amount of time between the start and end of an activity, which is related to project phases, plus the duration required for the effect to be reversed.  After removal of the stressor, reversibility is the likelihood and time required for VC or system to return to a state that is similar to the state of systems of the same type, area, and time that are not affected by the Project.  Some effects may be reversible soon after removal of the stressor, such as effects to air quality from equipment operation.  Other effects may require a longer duration before changes are reversed.
Screening of Project Interactions Using the Pathway Analysis 
Interactions (linkages) between Project components or activities, and the corresponding potential changes to measurement endpoints of the environment are identified by a pathway analysis that is then used to assess residual effects (i.e., after mitigation) to VCs. Pathway analysis is used as a screening step to determine the existence and magnitude of linkages from the initial list of potential effects pathways for the Project. 
The analysis uses a transparent method to systematically remove pathways that have no residual effect or are not expected to result in environmentally significant effects on the assessment endpoint of VCs, after applying mitigation. Pathways are evaluated using scientific knowledge, logic, experience with similar developments, and the effectiveness of mitigation.  This screening step is intended to focus the effects analysis on pathways that at potentially lead to significant effects on VCs.

Summary
The overall goal of the EIA is to objectively and transparently present a comprehensive assessment of the potential environmental effects of the Project on VCs.  The intent of the VC selection process is to focus the assessment on those interactions with the greatest potential to result in significant effects to both the biophysical and socio-economic components of the environment.  
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