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1 Introduction 
1.1 Purpose 

The purpose of this project is to evaluate and compare potential assessment methodologies for 
cumulative effects assessment in the context of the Transport Canada led Cumulative Effects of Marine 
Shipping initiative (CEMS) �X�Q�G�H�U���&�D�Q�D�G�D�¶�V���2�F�H�D�Q���3�U�R�W�H�F�W�L�R�Q���3�O�D�Q. The report provides recommendations 
as to which categories of methodology are most applicable under different scenarios. This information will 
help inform the assessment step within the CEMS initiative.  

1.2 Background 

On November 7, 2016, the Prime Minister launched a $1.5 billion national Oceans Protection Plan that 
improves marine safety and responsible shipping, protects Canada's marine environment, and offers new 
possibilities for Indigenous and coastal communities. The Oceans Protection Plan has four main priority 
areas: 

�x Creating a world-leading marine safety system that improves responsible shipping and protects 
�&�D�Q�D�G�D�¶�V���Z�D�W�H�U�V�����L�Q�F�O�X�G�L�Q�J���Q�H�Z���S�U�H�Y�H�Q�W�L�Y�H���D�Q�G���U�H�V�S�R�Q�V�H���P�H�D�V�X�U�H�V�� 

�x Restoring and protecting the marine ecosystems and habitats, using new tools and research, as 
well as taking measures to address abandoned boats and wrecks; 

�x Strengthening partnerships and launching co-management practices with Indigenous 
communities, including building local emergency response capacity; and, 

�x Investing in oil spill cleanup research and methods to ensure that decisions taken in emergencies 
are evidence based. 

The CEMS initiative is under the restoring and protecting the marine ecosystem pillar of the Oceans 
Protection Plan. The goal of the initiative is to develop a cumulative effects assessment framework 
focused on current and potential marine vessel activity. The initiative has prioritized six pilot sites1 
�F�R�Y�H�U�L�Q�J�� �D�O�O�� �W�K�U�H�H�� �R�I�� �&�D�Q�D�G�D�¶�V�� �F�R�D�V�W�V. The first year of the initiative has involved scoping the concerns 
related to marine vessel activities  as well as identifying the stressor s of concern for each pilot site.  

Outreach and engagement are core principles of this initiative, and Indigenous peoples, local 
stakeholders, and coastal communities are involved in all aspects of the initiative. Regional workshops 
have been used to identify the specific activities of concern and the ways that those activities are affecting 
the marine environment and traditional use. Identification of Valued Components  (VCs), linkages 

                                                   

 

1 Northern, British Columbia; Southern, British Columbia; St. Lawrence River, Quebec; Bay of Fundy, New Brunswick; Placentia 
Bay, Newfoundland; Cambridge Bay, Nunavut 

https://www.tc.gc.ca/eng/canada-oceans-protection-plan.html
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between the stressors and VCs (i.e., pathways of effect), and indicators to inform the relative impact of 
different pathways is currently underway. This report is part of Phase 2 (Figure 1.1) and was 
�U�H�F�R�P�P�H�Q�G�H�G���E�\�� �/�H�U�Q�H�U������������ �W�R���¶�G�H�Y�H�O�R�S���D�Q���D�V�V�H�V�V�P�H�Q�W���W�R�R�O�N�L�W�¶���Z�K�L�F�K���Z�L�O�O���L�Q�I�R�U�P���W�K�H���D�V�V�H�V�V�P�H�Q�W���V�W�H�S��
within the overall CEMS initiative. 

Concurrently, Transport Canada is identifying potential data sources to inform priority indicators. Once 
finalized Transport Canada will apply the framework to the six pilot sites. Information gathered from the 
implementation of the pilots will inform the management and response toolkit. Evaluation and 
improvement of the framework will occur on an ongoing basis, along with continued communication with 
Indigenous peoples, local stakeholders, and coastal communities. 

 

Activity: An action that may impose one or more stressors on the ecosystem being assessed. 
[Thornborough et al. 2018 (DFO)] 

Stressors:  Any physical, chemical, or biological means that, at some given level of intensity, has the 
potential to negatively affect a valued component. [Thornborough et al. 2018 (DFO)] 

Valued Components:  Refer to environmental features that may be affected by an activity and that have 
been identified to be of concern by the proponent, government agencies, Indigenous peoples, or the 
public. The value of a component not only relates to its role in the ecosystem, but also to the value people 
place on it. For example, it may have been identified as having scientific, social, cultural, economic, 
historical, archaeological, or aesthetic importance. [Definition is adapted from CEAA 2012] 

  

 

Figure 1.1. Phases in the process to develop a cumulative assessment framework as outlined in the 
Transport Canada Ocean Protection Plan Cumulative Effects of Marine Shipping presentation. 
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1.3 What is Cumulative Effects Assessment? 

In order to complete the evaluation of assessment methodologies, we must first define what is meant by 
Cumulative Effects Assessment (CEA). The Canadian Council of Ministers of the Environment (CCME) 
provides the following definitions:  

 

Cumulative effect is a change in the environment caused by multiple interactions among 
human activities and natural processes that accumulate across space and time. 

Cumulative effects assessment is a systematic process of identifying, analyzing, and 
evaluating cumulative effects. 

Cumulative effects management is the identification and implementation of measures to 
control, minimize or prevent the adverse consequences of cumulative effects. 

 

Although these definitions are useful for making clear what is meant by these foundational terms, the 
definitions alone do not provide sufficient detail about what the assessment steps entail. Similarly, 
�7�U�D�Q�V�S�R�U�W���&�D�Q�D�G�D�¶�V���I�L�Y�H���S�K�D�V�H��process �D�Q�G���/�H�U�Q�H�U���������������¶�V��eight steps do not provide detail about what 
occurs within an �µ�D�V�V�H�V�V�P�H�Q�W�¶���V�W�H�S�� 

Ideally, CEA involves a series of methods that assess the condition of the environment, describe the 
causal pathways that link stressors and cumulative effects, and predict the risks and benefits associated 
with alternative scenarios (Jones 2016). Although there is consensus on the general steps of the CEA 
process (Jones 2016), there is debate in terms of the methods that should be used at each of these 
stages (Jones 2016, Stelzenmüller et al. 2018). It is important to understand the structure of the overall 
cumulative effects framework within which the method will be applied (Greig et al. 2013). In other words, 
what is the scope of the assessment and what management strategies are being informed by the 
outcome of the assessment? 

No single method is sufficient to address all aspects of cumulative effects assessment (Canter 2008, 
Stelzenmüller et al. 2018). Ultimately, the selection of a method depends on data availability, ease of use, 
and, fundamentally, on the questions that the assessment seeks to answer (Greig et al. 2013). In 
practice, various methods and associated tools are usually applied in combination through the cumulative 
effects assessment process (CEQ 1997) so that specific questions can be addressed (Greig et al. 2013).  

We created a diagram that displays important elements in a CEA framework in order to show our 
understanding of how the assessment step supports the broader framework in the context of the 
Transport Canada led CEMS initiative (Figure 1.2). This figure builds on the general stages identified by 
Jones (2016) as well as the more detailed good practice handbook provided by the International Finance 
Corporation (IFC, 2013). Sections 1.3.1 to 1.3.5 provide a brief discussion of each of the components in 
the generic CEA framework. 
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Figure 1.2. This figure shows how the assessment step fits within a broader CEA framework. The Scoping 
step is underway concurrently, led by Transport Canada and informed by regional workshops. 
This report focuses on potential methods for the Assessment step. The Management step is will 
be addressed in Phase 4 of the CEMS initiative.  

 

1.3.1 Scoping 

A poorly defined problem is one of the most common reasons for studies to flounder (Reynolds et al. 
2016). In the CEA context the scoping step is necessary to focus efforts on a smaller more manageable 
set of critical stressors and priority VCs over a well-defined spatial and temporal scope. However, it is 
useful to begin with a broadly defined scope and identify all potential stressors and VCs before narrowing 
the scope. This approach is useful to ensure nothing is inadvertently missed, to communicate and justify 
the scoping decisions, and to allow for adjustment in priorities as context changes (e.g., if priority VCs 
change over time or if new data suggests a different stressor is of greater concern). In this case, this step 
will involve clarification over �Z�K�D�W���L�V���P�H�D�Q�W�� �E�\�� �µ�0�D�U�L�Q�H�� �6�K�L�S�S�L�Q�J�¶���� �L�G�H�Q�W�L�I�L�F�D�W�L�R�Q�� �R�I�� �S�R�W�H�Q�W�L�D�O�� �V�W�U�H�V�V�R�U�V�� �D�Q�G��
VCs of interest, development of conceptual models (i.e., pathways of effects in Appendix A), and finally 
prioritization of VCs and identification of stressors and pathways of greatest concern.  

The spatial and temporal scale of the assessment is important. It should be based on the spatial scale of 
the VC while also taking into account the scale(s) of the activities acting on the VC and the scale that 
mitigation activities can be implemented. If multiple scales are relevant a nested approach may be useful 
(Rebecca Martone, pers. comm). For example, an assessment of current condition in the Skeena estuary, 
used salinity zones nested within the larger estuary (Pickard et al., 2015). In the case of the CEMS 
initiative, Regions are nested within the broader national initiative. There may be additional nesting 
required within regions. In terms of temporal boundaries, a difficult decision is how to characterize the 
reference condition. Should it represent historical conditions or is it sufficient to evaluate current 
condition? Lack of historical data is a common challenge and deciding how to define the reference 
condition can be a road block to getting started (Kelly Munkittrick, pers. comm.).  
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1.3.2 Assessment 

The assessment phase of any CEA framework involves three main steps: (1) assessment of the current 
or reference condition; (2) assessment of the impact pathways; and (3) assessment of alternative 
scenarios. Each of these stages is important and a combination of methods and associated tools may be 
necessary to address all stages.  

Assessment of current or reference condition:  

This step begins with compiling and evaluating the quality and spatial/temporal extent of the best 
available data. In some cases, Indigenous Knowledge may be available to support the assessment. 
Expert elicitation may also be used where no empirical2 information exists. Indicators need to be 
developed to represent both stressors and VCs. Indicator selection generally involves evaluating 
alternative indicators against a set of criteria such as: relevance, responsiveness, and feasibility (Pickard 
et al. 2018). Finally, the current or reference condition of priority VCs and stressors of concern are 
summarized using the best available data for each indicator selected. Information gaps are often 
identified at this stage.  

Assessment of pathways 

The purpose of this step is to understand the cause-effect relationships between stressors and VCs. This 
includes understanding the magnitude of effects as well as the shape of the functional relationship 
between stressors and VCs (e.g., linear, exponential, optimum range). Additionally, it is useful to 
understand which pathways are most important (i.e., what are the relative drivers of the system?).  

�,�Q���P�R�V�W���&�(�$���I�U�D�P�H�Z�R�U�N�V���W�K�L�V���V�W�H�S���L�V�Q�¶�W���E�U�R�N�H�Q���R�X�W���V�H�S�D�U�D�W�H�O�\���E�X�W���L�V���D�Q���L�P�S�O�L�H�G���Q�H�F�H�V�V�D�U�\���V�W�H�S���W�R���H�Y�D�O�X�D�W�H��
alternative scenarios and to enable threshold definition. It can also be useful to iteratively refine the scope 
of the assessment to focus on the primary drivers of the system. For the purpose of this report we felt it 
was useful to explicitly discuss this step as different methods will be relevant depending on whether the 
task involves quantifying relationships or evaluating alternative scenarios.   

Assessment of alternative scenarios 

Given an understanding of the current or reference condition and the relationships among stressors and 
VCs, it is possible to evaluate alternative future scenarios. This step can be difficult but is what makes 
CEA valuable to informing decisions. This step also requires an understanding of the management 
context which defines relevant future scenarios. These may include management levers which are 
available to mitigate impacts of stressors as well as future development or climate scenarios. 

1.3.3 Management 

It is important to understand the management context as one designs the assessment step. What are the 
management objectives? What management decisions will be informed by the assessment? For 
example, decisions around alternative development scenarios (e.g., port expansions) or decisions around 

                                                   

 

2 Empirical: �³�R�U�L�J�L�Q�D�W�L�Q�J�� �L�Q�� �R�U�� �E�D�V�H�G�� �R�Q�� �R�E�V�H�U�Y�D�W�L�R�Q�� �R�U�� �H�[�S�H�U�L�H�Q�F�H�´���0�H�U�U�L�D�P-Webster 
[https://www.merriam-webster.com/dictionary/empirical] 
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how to mitigate current activities (e.g., oil spill response, timing/location of vessel movement). If one 
objective is to minimize cumulative effects on VCs resulting from marine shipping, it makes sense to focus 
on those effects where there is the greatest potential to make a change. This may differ depending on 
who is implementing the initiative. A common challenge of CEA is that VCs are affected by stressors that 
fall under a variety of jurisdictional authorities (e.g., DFO, Transport Canada, Provincial or Territorial, or 
local governments). In this case, mitigation opportunities will be collaboratively identified in partnership 
with all levels of jurisdiction.  

Clearly defined management objectives will help to scope the assessment and will help to inform the 
selection of assessment methodologies. Identifying management decisions up front will help to 
characterize alternative scenarios of interest. Likewise, the assessment step will help us to better 
understand the current condition, cause-effect relationship between stressors and VCs, relative drivers of 
the system, and potential outcomes of alternative scenarios, thus informing management decisions.  

Finally, there is another link between management decisions and what society determines is acceptable. 
This is discussed further in the following section on thresholds. 

1.3.4 Thresholds 

We define thresholds to be levels at which a particular stressor or VC exceeds a level of concern resulting 
in an alternative management regime. Thresholds are informed by a combination of technical 
understanding and a socially defined level of acceptable change (Hegmann et al. 1999). Pressures (e.g., 
noise) resulting from activities (movement underway) cannot be interpreted as stressors without first 
defining thresholds. Assessment of impact pathways is a critical scientific input to developing meaningful 
thresholds.  

In practice, thresholds are often best guesses to start and are refined throughout the CEA process. In 
absence of thresholds, it may be possible to first �L�G�H�Q�W�L�I�\�� �Z�K�H�W�K�H�U���W�K�H���F�X�U�U�H�Q�W���F�R�Q�G�L�W�L�R�Q���L�V���µ�D�F�F�H�S�W�D�E�O�H��or 
�X�Q�D�F�F�H�S�W�D�E�O�H�¶���� �$�V���I�X�Q�F�W�L�R�Q�D�O�� �U�H�O�D�W�L�R�Q�V�K�L�S�V�� �D�U�H�� �T�X�D�Q�W�L�I�L�H�G���� �W�K�U�H�V�K�R�O�G�V�� �F�D�Q�� �E�H�� �L�Q�I�R�U�P�H�G�� �E�\�� �W�K�H�V�H�� �H�P�S�L�U�L�F�D�O��
relationships. Models can also be used to inform thresholds by evaluating likelihood of survival under 
different conditions. 

1.3.5 Monitoring 

Monitoring is necessary to inform cumulative effects assessment and enable good cumulative effects 
management (CCME unpublished). One of the outcomes of initial scoping and subsequent assessment is 
to identify knowledge gaps. While preliminary assessments may be completed based on expert 
knowledge, it is important to verify hypotheses with empirical evidence. Monitoring should be used to 
address the greatest uncertainties for the most important pathways. In this way monitoring enables 
continuous improvement within the framework.  

1.3.6 Iterative learning 

While there is a natural sequence to the generic CEA framework described in Figure 1.2, in practice, 
implementation is iterative. Selection of an assessment methodology depends on the outputs from other 
components within the framework and may also change with future iterations through the framework (i.e., 
as we refine scope or as new data become available).  

The first iteration through the assessment step may involve limited empirical information. The first iteration 
helps to define the scope using best available data or expert opinion and may identify information gaps 
and critical uncertainties. As these uncertainties are addressed the level of understanding improves and 
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the scope may be adjusted or refined. Selection of methodologies will tend to shift from simple to complex 
as the scope is refined and more data are available. 

 

1.4 Report Structure 

There are a large variety of methodologies which have been applied to CEA. Most of these are not 
sufficient on their own to accomplish a CEA, but are useful for supporting a CEA. Usually a suite of 
methods and associated tools are needed to accomplish a CEA, with selection depending on context. In 
conducting this evaluation, we do not provide a comprehensive review of all possible methods but rather 
discuss higher level categories of methods with information on specific methods and associated tools 
provided to support the discussion. The report includes 8 sections plus a series of appendices: 

�x Section 1 provides important background context which clarifies the nature of this report. 

�x Section 2 describes our approach to completing the evaluation.  

�x Section 3 describes the screening phase of our evaluation.  

�x Section 4 provides the detailed evaluation, including a description of possible methods and 
associated tools and an evaluation of their relevance, rigour, and feasibility.  

�x Section 5 presents a comparative analysis across methods and introduces a number of case 
studies that illustrate the application of these methods and how they could be used in the context 
of the Cumulative Effects of Marine Shipping initiative. 

�x Section 6 discusses supporting methods frequently applied in CEA, including: indigenous 
knowledge, expert elicitation and decision support tools. 

�x Section 7 introduces examples of CEA frameworks and how the assessment step fits into the 
broader context.  

�x Section 8 provides overall conclusions, including insights from the evaluation, how to use the 
assessment toolkit, and   next steps for the CEMS. 

�x Appendix A describes additional context that has informed our evaluation. In particular, we 
provide a brief summary of the: status of marine shipping pathways of effects model 
development, regional context in the pilot sites, and data availability.  

 

 



Evaluation of Cumulative Effects Assessment Methodologies for Marine Shipping 

Phase 2: Draft Final Report 

 
1 7 |  P a g e  

 

2 Methods 
 

2.1 Overview 

The assessment of cumulative effects is a complex problem requiring consideration of multiple factors, 
�G�L�V�F�L�S�O�L�Q�H�V�� �D�Q�G�� �V�W�D�N�H�K�R�O�G�H�U�V�¶�� �Y�L�H�Z�V���� �,�Q�� �R�U�G�H�U�� �W�R�� �D�F�F�R�X�Q�W���I�R�U�� �W�K�L�V�� �F�R�P�S�O�H�[�L�W�\�� �L�Q�� �D�� �W�U�D�Q�V�Sarent and 
systematic manner, we have structured our review into two phases; first a broad screening of potential 
assessment methodologies (Tier 1) followed by a detailed review of the most promising methods (Tier 2). 

This approach allowed us to conduct an evaluation with enough breadth to cover the majority of methods 
in the literature potentially relevant for marine shipping and with enough depth to assist Transport Canada 
in the selection of the most appropriate methods. Concurrently to Tier 2, our team conducted research 
�L�Q�W�R�� �F�R�Q�W�H�[�W�X�D�O�� �W�K�H�P�H�V�� �W�K�D�W�� �K�H�O�S�H�G�� �X�V���L�Q�I�R�U�P�� �D�Q�G���I�U�D�P�H���R�X�U�� �H�Y�D�O�X�D�W�L�R�Q���� �V�S�H�F�L�I�L�F�D�O�O�\���� �7�U�D�Q�V�S�R�U�W�� �&�D�Q�D�G�D�¶�V��
management context; the current understanding of the Pathways of Effects for marine shipping; the 
geographic and cumulative effects (e.g., human activities, valued components, main concerns) context for 
the six pilot regions; and the relevant data sources that Transport Canada has identified to date. The 
detailed evaluation of Tier 2 was also supplemented with the insights from a series of interviews we 
conducted with key experts. Figure 2.1 illustrates the evaluation framework and process. 
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Figure 2.1. Evaluation framework showing the flow of information and key outputs. 

 

2.2 Screening Phase 

2.2.1.1 Literature review 

As a first step in the development of the evaluation framework, our team undertook a broad desktop 
search of cumulative effects assessment methodologies and associated tools. In addition to the 
references included in key background material, such as the literature review by Lerner (2018), we 
conducted a high-level desktop and web search to identify cumulative effects assessment approaches 
which have been applied in a context relevant for marine shipping. Specifically, we searched academic 
sources (e.g., Google Scholar, Science Direct) and other thematic and grey literature databases (e.g., 
Fisheries and Oceans Canada, International Association of Impact Assessment) for the following key 
words: 

�x �³�&�X�P�X�O�D�W�L�Y�H���H�I�I�H�F�W�V���L�P�S�D�F�W�V���D�V�V�H�V�V�P�H�Q�W�´�������³���P�D�U�L�Q�H�����V�K�L�S�S�L�Q�J� ́

�x �³�&�X�P�X�O�D�W�L�Y�H���H�I�I�H�F�W�V���L�P�S�D�F�W�V���D�V�V�H�V�V�P�H�Q�W�´�������³�P�D�U�L�Q�H���H�Q�Y�L�U�R�Q�P�H�Q�W���H�F�R�V�\�V�W�H�P�V���K�D�E�L�W�D�W�V�´ 

�x �³�&�X�P�X�O�D�W�L�Y�H���H�I�I�H�F�W�V���L�P�S�D�F�W�V�´�������³���P�D�U�L�Q�H�����V�K�L�S�S�L�Q�J�´�������³�P�R�G�H�O�L�Q�J�´ 

�x �³�&�X�P�X�O�D�W�L�Y�H���H�I�I�H�F�W�V���L�P�S�D�F�W�V���D�V�V�H�V�V�P�H�Q�W�´�������³���P�D�U�L�Q�H�����V�K�L�S�S�L�Q�J�´�������³�W�R�R�O�V�´ 

�x �³�&�X�P�X�O�D�W�L�Y�H���H�I�I�H�F�W�V���L�P�S�D�F�W�V�´�������³�D�V�V�H�V�V�P�H�Q�W���W�R�R�O�N�L�W�´�������³�P�D�U�L�Q�H���H�Q�Y�L�U�R�Q�P�H�Q�W���H�F�R�V�\�V�W�H�P�V���K�D�E�L�W�D�W�V�´ 
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�x �³���P�D�U�L�Q�H�����V�K�L�S�S�L�Q�J�´�������³�L�P�S�D�F�W�V���H�I�I�H�F�W�V���D�V�V�H�V�V�P�H�Q�W�´ 

The purpose at this stage was not to research and document in depth any specific approach but to get an 
understanding of the range and types of existing cumulative effects assessment methodologies and tools. 
These initial searches were supplemented by literature summarized in review papers, provided by 
experts, or familiar to our team. 

 

2.2.1.2 Tabular summary 

The outcome of the preliminary screening was a long list of cumulative effects assessment methods and 
associated tools, as well as relevant review papers or reports dealing with multiple approaches. This 
preliminary list has been documented in an Excel spreadsheet (Table 2.1). The spreadsheet organizes 
the information for each entry using the following headings: 

�x Citation: Full citation 

�x Type of document: Paper, report, case study or tool 

�x Overview: Brief description of the content of the document 

�x CE method/tool: we grouped the table entries into the three main categories evaluated in Tier 2: 
(i) spatial, (ii) analytical, (iii) modeling approaches 

�x Geographic scope: Scale and place at which the assessment was conducted (e.g., Pacific North-
BC) 

�x Stressors: Specific marine shipping stressors that were included in the analysis 

�x VCs: valued components that were addressed in the analysis.  
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Table 2.1. An excerpt from the preliminary Tier 1 summary spreadsheet is shown here to illustrate the organizational structure of the Tier 1 
evaluation. 
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2.2.1.3 Review papers 

Besides literature on specific methods and tools, we included in our screening 14 review papers that 
document and compare multiple cumulative effects assessment methods or tools. Although the purpose 
of these reviews differs from the focus of this evaluation (i.e., cumulative assessment methodologies 
applicable to marine shipping), reviewing and comparing various organizing structures of review papers 
helped us in defining our evaluation framework, as well as providing an overview on the state of practice 
of cumulative effects assessment methodologies. 

 

2.3 Detailed Evaluation 

We grouped methods into three categories: spatial, analytical and modeling and reviewed each against a 
consistent set of criteria (Table 2.2). These criteria inform about attributes of the methods which are 
especially important in selecting an approach: the relevance  of the method in relation to the CEMS 
initiative; the rigour  of the approach in terms of how well established it is in CE practice, the level of 
information supporting the assessment and the treatment of uncertainty; and its feasibility as a general 
estimation of how easy it would be to implement the assessment approach. 

 

Table 2.2. Evaluation criteria. 

Category Criterion (rating) Description 

Relevance 
(Low/medium/high) 

Spatial and temporal 
scale 
 

�x Is the method applicable at the national and/or regional scale? 
�x Can the method be applied at different spatial and temporal 

spatial scales? 

Indigenous knowledge 
 

�x Could the approach incorporate knowledge from indigenous 
communities or First Nations? 

Rigour 
(Low/medium/high) 

Application of the 
method 

 

�x Are there multiple publications of applications of the method?  
�x Is the method considered 'best practice'? 

Level of underlying 
data/information 
 

�x Is the method based on expert judgement, literature of studies in 
other similar places, site-specific data, and/or derived using a 
model? 

Uncertainty 
 

�x Does the method clearly account for and state uncertainties and 
assumptions? 

Feasibility 
(Low/medium/high) 

Complexity 
 

�x How complicated/sophisticated (e.g., requires special skill sets, 
takes a lot of time, etc.) is the method?  

Data requirements �x How much and what types of data or information are needed? 

Data flexibility 
 

�x Can the method incorporate multiple types of data? (e.g., 
geospatial and tabular) 

�x Can the method incorporate data not specifically gathered for the 
assessment method? 

�x Are there steps that can be taken if data do not exist? 
�x Can the method incorporate more data as they become 
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Category Criterion (rating) Description 

available? 

Accessibility 
 

�x What is the extent of user knowledge required to conduct the 
method?  

�x �,�V���W�K�H�U�H���D���8�V�H�U�¶�V���*�X�L�G�H�����W�U�D�L�Q�L�Q�J���V�H�V�V�L�R�Q�����V�X�S�S�R�U�W���Q�H�W�Z�R�U�N�" 

Cost 
 

�x How expensive is it to undertake conducting the method? Are 
the tools used in this method freely available or must they be 
purchased? 

Interpretability and 
communicability 
 

�x How easy are the outputs to interpret? And to communicate? Do 
the outputs require extra processing? 

 

2.3.1.1 Concurrent tasks 

Simultaneously to the desktop research for Tier 2, we conducted additional research (summarized in 
Appendix A) into a number of topics that provide fundamental context regarding the assessment of 
cumulative effects of marine shipping: 

�x Pathways of Effects: Fisheries and Oceans Canada (DFO), with input from Transport Canada, is 
developing the Pathways of Effects model that articulates the cause-effects relationships between 
activities associated to marine shipping and their effects, via stressors, on the Valued 
Components (VCs) of the environment. This information is important because the specific 
stressors and VCs being considered can influence the choice of the assessment method. For 
instance, we aimed, as part of the screening in Tier 1, to cover assessment methodologies for the 
specific activities under marine shipping (e.g., anchorage, movement underway, etc.).  

�x Management Context: The assessment of cumulative effects is nested and informed by specific 
management context and objectives. As part of the background research, our team reviewed 
relevant documentation on the scope and nature of �7�U�D�Q�V�S�R�U�W�� �&�D�Q�D�G�D�¶s management mandate 
over marine areas and resources.  

�x Regional Context: The pilot sites differ in their geography, concerns regarding cumulative effects, 
specific stressors and valued components of special importance, etc. Based on the information 
gathered to date by Transport Canada, our team developed brief regional profiles discussing 
these regional differences and particularities. 

�x Data Availability: Transport Canada is currently in the process of identifying relevant data sources 
potentially relevant for cumulative effects assessment. The choice of assessment method is 
dependent on the types of data available.  

The desktop research for each method was also supplemented by interviews with key experts. In total, 
we have interviewed 8 experts, including: 

�x Natalie Ban, Associate Professor in the School of Environmental Studies of the University of 
Victoria (British Columbia) 

�x Claude Comtois, Professor of Geography at the University of Montreal 

�x Roland Cormier, President of Ecorisk Mgmt Inc. 
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�x Peter Duinker, Professor in the School for Resource and Environmental Studies of Dalhousie 
University 

�x Mike Elliot, Professor of Estuarine and Coastal Sciences at the Institute of Estuarine and Coastal 
Studies of the University of Hull 

�x Rebecca Martone, Marine Biologist with Marine and Coastal Resources, government of British 
Columbia 

�x Robert Stephenson, scientist with DF�2�ìs St. Andrews Biological Station and a visiting Professor at 
the University of New Brunswick 

�x Villy Christensen, lead developer of Ecopath/Ecosim/Ecospace software for modeling food web 
interactions. 

 

2.4 Challenges 

There are several challenges we encountered during the implementation of this project:  

Apples to oranges.  The suite of candidate assessment methodologies we were asked to consider 
included a combination of methods, tools, and case studies, making it difficult to compare directly. For the 
purpose of this report we defined these terms as follows: 

 

Methodology : The collective body of methods employed by a particular field, in this case 
cumulative effects assessment. 

Method : A procedure or process for attaining an object, in this case the assessment of 
cumulative effects. In some cases, tools may exist to support the method, but a method 
may exist in absence of a tool. 

Tool : A means to an end, an instrument or apparatus used in performing an operation. In 
this case tools are designed to support one or more cumulative effects assessment 
�P�H�W�K�R�G�V���� �7�R�R�O�V�� �U�D�Q�J�H�� �L�Q�� �V�S�H�F�L�I�L�F�L�W�\�� �I�U�R�P�� �V�S�H�F�L�I�L�F�� �D�S�S�O�L�F�D�W�L�R�Q�V�� ���H���J������ �(�&�&�&�¶�V�� �0�D�U�L�Q�H��
Emission Inventory Tool) to generic software (e.g., ArcGIS). 

Case study : The specific application of one or more methods and associated tools. 
These tend to be one-off examples which employ a combination of the methods 
discussed in this report to achieve a particular end. 

 

Another challenge was that methodologies varied in terms of their function, i.e., how they could support 
CEA. Through the course of the screening phase, we developed a consistent organizing structure that we 
believe helps to address this challenge and distinguish among methods (Section 4.1). We also narrowed 
our detailed evaluation to focus on methods using examples of associated tools or case-studies where 
helpful. 

National v ersu s regional.  A common challenge for national initiatives is the need to develop a national 
approach which is still relevant at the regional scale, and ideally is flexible enough to account for regional 
context. Finding a balance is difficult. A compromise may be to develop a national approach focused on 
aspects that are broadly applicable and can also be readily integrated with regional initiatives.  
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Data availability.  Transport Canada is currently in the process of collecting existing coastal 
environmental data and regional marine shipping data for the six pilot sites. Data availability will influence 
the selection of assessment methodologies. Given that this task is still underway it is not possible to make 
specific recommendations at this time.  

Timing of scoping 

Development and implementation of the national Cumulative Effects of Marine Shipping initiative is being 
informed by engagement with Indigenous peoples and stakeholders in each of the six pilot sites across 
Canada. As with any work requiring engagement, this will take time. Since Transport Canada is using a 
�F�R�O�O�D�E�R�U�D�W�L�Y�H�� �S�U�R�F�H�V�V�� �L�Q�� �F�K�R�R�V�L�Q�J�� �Y�D�O�X�H�G�� �F�R�P�S�R�Q�H�Q�W�V���� �S�U�L�R�U�L�W�\�� �9�&�¶�V�� �K�D�Y�H�� �Q�R�W�� �\�H�W�� �E�H�H�Q�� �V�R�O�L�G�L�I�L�H�G�� �D�W�� �W�K�H��
time of writing this report. This inhibits making specific recommendations about which methods may be 
most appropriate. Instead we provide general guidance about what methods are appropriate under 
different conditions. 
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3 Screening of Assessment Methodologies 
3.1 Overview 

This section presents the main findings of Tier 1 of the evaluation process, which consisted of a high-level 
screening of cumulative effects assessment methods relevant for marine shipping. We reviewed in total 
181 references including papers about specific methods/tools, review papers, assessment frameworks, 
key background documents, etc. The documents reviewed cover a variety of types of sources, from 
academic papers, reports, texts, case studies, websites and presentations. Figure 3.1 shows the 
distribution of references according to the theme or aspect of the evaluation that they inform. Half (50%) 
of the references are papers related to one of the assessment categories (i.e., spatial, analytical and 
modeling approaches). It should be noted that the distinction between methods is not always obvious and 
there are some methods described in the references that include elements of multiple approaches. 
However, we decided to classify the references based on their predominant assessment methodology 
(e.g., if a modeling method includes a spatial analysis component we would still classify it under the 
�µ�P�R�G�H�O�L�Q�J���D�S�S�U�R�D�F�K�H�V�¶���F�D�W�H�J�R�U�\������ 

 

 

Figure 3.1. Distribution of literature reviewed per theme. 

This screening phase was used to help identify the most relevant methods for Transport Canada. Insights 
from this review also helped form the organizational structure employed in the more detailed Tier 2 
evaluation (Section 2.3).  
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3.2 Overall Findings 

This section summarizes the main findings from the review papers looking into cumulative effects 
assessment methodologies. Appendix B presents a set of summaries of the most relevant review papers 
for this report.  

In general, authors group the methods according to either the methodological nature of method or the 
function that the method and associated tool supports in the assessment process. Figure 3.2 shows 
various categorizations of CEA methods that we have found in the literature. 

 

 

Figure 3.2. Examples of categorizations of cumulative effects assessment methods from the literature 

 

Some authors have specifically looked at the methods used for CEA in marine environments. Willsteed et 
al. (2017) found a high variability, both conceptually and methodologically, in the approaches that have 
been used. The authors found that this disparity in methodological approaches does not contribute to 
improving regional understandings of cumulative environmental change. 

Other specific challenges of CEA in marine environments (Stelzenmüller et al. 2018) are a consequence 
of the openness and high connectivity of marine ecosystems and the heterogeneity and uncertainty in 
biophysical processes, which are in some cases less well understood than in terrestrial ecosystems. 

Main challenges and limitations in the practice of CEA include: limited scope of the studies (Korpinen and 
Andersen 2016) that does not include all pathways, lack of benchmark or thresholds for stressors 
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(Korpinen and Andersen 2016) and ecosystem components (Jones 2016), uncertainty (Clarke Murray et 
al. 2014), and identifying baselines (Clarke Murray et al. 2014, Foley et al. 2017). 

Uncertainty is unavoidable in CEA (Jones 2016). Although uncertainty is acknowledged in most CEAs, it 
is rarely addressed in terms of how it affects the result of the assessment (Stelzenmüller et al. 2018). 
Usual methods to address uncertainty in the context of these assessments include the use of Bayesian 
Belief Networks and expert elicitation (later discussed in Section 4.4). 

CEAs are complex assessments and defining impacts, baseline, scale, and significance are still major 
challenges in CEA practice according to Foley et al. (2017). Despite the recent advances in CEA science 
and in the tools and methods available, practitioners are still struggling to put scientific approaches (e.g., 
quantitative assessments, use of numerical models, etc.) in practice.  There is also inconsistency in how 
baselines are defined and how the effects and their significance are assessed.  

To date, the predominant method for cumulative effects assessment has been some variation of spatial 
analysis (Korpinen and Andersen 2016). This type of approach involves combining spatial information on 
the intensity of the pressures/stressors with data on the distribution and characteristics of the valued 
components under study. Although spatial approaches can help with the formulation of the problem (Judd 
et al. 2015), this type of analysis alone does not provide an assessment (quantification) of the impacts.  

CEQ (1997) points to two aspects of CEA that require special analysis, and therefore special methods: 
the need to address resource sustainability and the focus on both ecosystems and human communities.  
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4 Detailed Evaluation of Assessment 
Methodologies 

 

4.1 Organizational Structure 

At the outset of this exercise we used the four categories defined by Lerner (2018) in her review of 
cumulative effects frameworks: causal frameworks, ecological risk assessment frameworks (ERAFs), 
ecosystem models, cumulative impact mapping. As we progressed with the screening we found it useful 
to group the methods from the literature into three new categories in terms of the nature of the 
assessment: spatial, analytical and modeling methods. These categories roughly align with the steps 
described in the assessment step (Section 1.3): spatial methods  are often used to evaluate the condition 
of VCs and stressors, analytical methods  aim to quantify the functional relationships for impact 
pathways, and modeling methods  enable the evaluation of alternative scenarios. Using the Pathways of 
Effects model (Appendix A) as a reference, we have further divided the methods according to the portion 
of the system that the assessment focuses on (Figure 4.1); e.g., stressors, VCs or pathways. 

Methods do not divide perfectly into mutually exclusive categories. In some cases, one method may be 
an input for another method. In other cases, there is some overlap in approaches discussed in two 
different methods (e.g., many methods have a spatial component). We have divided methods based on 
their primary characteristics acknowledging that there is some overlap among methods. In addition, 
several supporting methods were identified (i.e., indigenous knowledge, expert elicitation, and decision 
support tools) and are documented in Section 6. 
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Figure 4.1. Organizational structure for the evaluation of cumulative effects assessment methods 

 

4.2 Spatial Methods 

4.2.1 Overview 

Spatial methods to assessing cumulative effects involve identifying the locations of stressors and VCs to 
understand how VCs are being exposed to stressors (i.e., geographical overlap) and the way that 
exposure results in different levels of effect. Spatial approaches can entail simply mapping locations to 
understand where there are different types of stressors and VCs as well as using characteristics about 
the stressors and VCs along with analytical approaches or modeling to better understand the magnitudes 
of effect. In this way, spatial approaches are not distinct from analytical and modeling methods but rather 
complementary.  

Spatial methods are often conducted early in a CEA process as they can highlight geographical areas to 
focus on (e.g., areas with many stressors acting on VCs) and priority pathways (e.g., a pathway where 
the stressor and VC are often interacting). In this section, we focus on spatial approaches related to 
mapping, which is essentially one method that can be used alone or with other analytical or modeling 
methods, described in Sections 4.3 and 4.4.  

Mapping human activities and VCs involves identifying locations and associated characteristics (i.e., a 
spatial representation of the stressor or VC condition). For example, for an ecological VC, this can include 
identifying areas in which the species has been observed and the population levels within each of those 
areas. Mapping multiple activities and/or VCs brings together single activity and single VC maps by 
overlaying activities and values to highlight areas where different VCs are exposed to different activities.  

4.2.1.1 Stressors 

Identifying locations for human activities is often easier than for VCs because data collection can be built 
into the activity. For example, the Automatic Identification System (AIS) is a tracking system that collects 
vessel movement information while vessels are operational using a global positioning system receiver 
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(GPS) (Marine Traffic 2018). With data collection occurring while vessels are underway, AIS data are 
constantly being gathered and can easily be used for a variety of purposes. One way in which AIS data 
are often used in assessments of cumulative effects is to produce maps of vessel traffic density (Figure 
4.2). Vessel traffic density information can then be useful in conjunction with analytical or modeling 
methods to estimate the magnitude of a stressor (e.g., with noise propagation models as discussed in 
Section 4.4.1) and/or the ultimate effect on a VC (e.g., effect of noise on nearby cetaceans).  

 

 

Figure 4.2. Heat map illustrating intensity of vessel traffic from The Scotian Shelf: An Atlas of Human 
Activities (DFO 2005). 

 

For cases in which it is not possible to build data collection into the activity, data can be collected in the 
field. Data collection in the field requires monitoring using appropriate methodologies (i.e., how to collect 
the data) and sampling designs (i.e., where, when and how often to collect the data). A methodology 
often useful for human activities is surveys, whereby observations of activities are recorded in a 
systematic way by repeatedly recording observations along specific transects. In designing this type of 
monitoring, a statistician should be consulted to ensure a robust design.  

However, field monitoring can be costly and so it may be more efficient to compile estimates through 
engaging people involved in the activity. This is often done using surveys to ask individuals about where 
and when they were in different places and what they were doing. An example of this is creel surveys that 
are conducted with fishers as they return from fishing. In these surveys, fishers are asked where they 
were fishing, how long they were fishing, and what they caught, which provides location and magnitude 
data related to the fishing stressor (i.e., location and magnitude).  

Additionally, locations and characteristics of human activities can be estimated based on indigenous 
knowledge or expert opinion, both of which are further discussed in Section 6. 

 



Evaluation of Cumulative Effects Assessment Methodologies for Marine Shipping 

Phase 2: Draft Final Report 

 
3 1 |  P a g e  

 

4.2.1.2 Valued components 

Mapping ecological, cultural, and socioeconomic VCs can be conducted using multiple methods, 
including field-based monitoring, eliciting expert opinion, and engaging with indigenous knowledge 
holders. 

Mapping ecological VCs can be difficult, especially in aquatic environments, because they can be difficult 
to detect thereby requiring sampling techniques to determine their locations. The type of sampling method 
to employ depends on the VC. Although it is out of scope to identify the monitoring methods for all 
potentially relevant VCs, some examples include: Monitoring for cetaceans by conducting surveys along 
predetermined transects; and monitoring for crabs through deployment of crab traps. In addition, some 
methods may allow for monitoring multiple VCs (e.g., underwater SCUBA surveys can be used to collect 
data related to multiple different species).  

Locations and characteristics of ecological, cultural, and socioeconomic VCs can also be estimated 
through engaging with indigenous knowledge holders (further discussed in Section 6.1). In some cases, 
indigenous communities may have already undertaken initiatives to document this information. For 
example, in Haida Gwaii, British Columbia, the Haida Marine Traditional Knowledge (HMTK) project was 
initiated in 2007 by the Haida Fisheries Program to research and document Haida culture, traditions and 
knowledge related to the Haida Gwaii marine area (CHN 2011a). As part of this project, interviews were 
conducted with community members and significant sites, fishing areas, and ecological features were 
mapped. Figure 4.3 displays part of a large map that was produced to complement multiple reports (CHN 
2011b). 

Locations and characteristics of ecological and socioeconomic VCs can also be estimated using expert 
opinion. This method is further discussed in Section 6.2. 

Upon mapping the locations and characteristics of VCs, maps can be overlaid with maps of stressors to 
identify priority pathways (e.g., ones in which a VC is highly exposed to a specific stressor) and priority 
geographical areas (e.g., where VCs are exposed to multiple stressors). Risk assessment discussed in 
Section 4.3 builds on this kind of spatial analysis. This information can then be used to support analytical 
and modeling methods which further explore the magnitude and nature of the effects on different 
identified VCs. 

 

 



ESSA Technologies Ltd. 

 

 
3 2 |  P a g e  

 

Figure 4.3. Part of the Haida Ocean & Way of Life Map produced as part of the Haida Marine Traditional 
Knowledge Study. 

 

4.2.1.3 Pathways 

One method that has connected stressors and VCs and is heavily focused on mapping is cumulative 
impact mapping (Halpern 2008 Ban et al. 2010, Micheli et al. 2013, Clarke Murray et al. 2015, Depellegrin 
et al. 2017, Mach et al. 2017, Andersen and Stock 2013, Korpinen et al. 2012). At its most basic level, 
cumulative impact mapping is stressor focused as it involves identifying the multiple activities occurring 
across a space and using information about the activities (i.e., types and levels of stressors) to make 
inferences about the levels of cumulative pressures occurring in the space. However, cumulative impact 
mapping builds upon that, using information about the sensitivity and vulnerability of VCs from expert 
elicitation to assess how the cumulative pressures in the space may be affecting the VCs (Halpern et al. 
2008). Ban et al (2010) applied this approach on the western coast of Canada.  

 

4.2.2 Evaluation Criteria 

 

4.2.2.1 Relevance 

Usefulness 

Type and intensity of vessel traffic differs spatially along Canadian coasts. These differences result in 
different types and intensities of stressors, which then act on different suites of values. Identifying and 
mapping the suites of stressors occurring in different spaces allows for identifying hotspots of concern or 
areas where management efforts can be focused (Ban et al. 2010). Further identifying and mapping 
suites of VCs allow for highlighting spaces where specific management actions may be applied to reduce 
effects on specific values. In addition, mapping activities and VCs can be used along with other methods 
to either highlight areas where more detailed methods should be used, or to make spatially explicit the 
inferences that result from the other methods.  

Spatial & temporal scale 

Mapping locations and characteristics of stressors and VCs has been undertaken at global, regional, and 
local scales. Mapping has occurred for particular stressors (e.g., PSF 2015), for specific valued 
components (e.g., CHN 2011a), and for examining how stressors can cumulatively impact the ecosystem 
using the cumulative impact mapping approach developed by Halpern et al. (2008) (Ban et al. 2010, 
Mach et al. 2017). Smaller scale assessments are able to present results with more geographical 
specificity. For example, Halpern et al. (2008) conducted a global assessment and highlighted global 
areas of concern, whereas Ban et al. (2010) focused specifically on the British Columbia coastline and 
highlighted areas specific to British Columbia (Figure 4.4). 

Although mapping cumulative impacts can be conducted at multiple spatial scales, it is important to note 
the spatial scale of the data being used and assumptions embedded within those datasets, so that 
inferences are not made at scales that are finer than the datasets allow. In determining the best spatial 
scale to conduct an assessment, consideration should be given to the scale of the different types of 
human activities and VCs as well as the spatial scale of how management activities can be implemented. 
When these considerations lead to multiple relevant scales (e.g., different VCs require different scales), 
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assessments need to be conducted at multiple scales, which can be undertaken using a nested approach 
(R. Martone, pers. comm.). 

  

Figure 4.4. (A) Map of global cumulative human impact across 20 ocean ecosystem types as well as four 
maps of highly impacted regions (from Halpern et al. 2008), and (B) impact scores for areas 
along the British Columbia coastline (from Ban et al. 2010).  

 

Indigenous knowledge 

Indigenous knowledge has been widely used to document specific characteristics about ecosystems as 
well as cultural places and uses (CHN 2011a). For examining cumulative impacts in a spatially explicit 
way, indigenous knowledge is valuable for providing insight into the type and intensity of human activities 
and the status of ecological and cultural components in the past, how they have changed over time, and 
the way that they may change into the future under various scenarios (N. Ban, pers. comm.). Indigenous 
knowledge is further discussed in Section 6.1. 

 

4.2.2.2 Rigour 

Application of method 

There are many applications of mapping human activities and valued components (e.g., CHN 2011a, PSF 
2015). For human activities, this includes documenting footprints for permanent activities, such as coastal 
industries (e.g., government tenure data), and tracking for activities that spatially change through time. 
For example, combining data from all AIS equipped vessels within an area over a particular time can 
provide spatially explicit information about the intensity of AIS equipped vessel traffic within the space 
given the time period. For valued components, locations and characteristics can be identified based on 
scientific research, indigenous knowledge, or local knowledge.  

Datasets about multiple human activities and VCs are often combined within global information systems 
(e.g., ArcGIS, QGIS) to understand how activities and ecosystem components spatially interact. 
Sometimes this information is further incorporated into a web-based mapping platform. For example, the 
Marine Plan Partnership (MaPP) Marine Plan Portal is an interactive map-based program that uses the 
SeaSketch platform to allow users to view multiple layers within the MaPP area (MaPP 2018). For further 
information about this refer to the case study detailing it in Section 6.3.2. 
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Overlaid spatial information can further be used with other types of approaches to better understand 
impacts that may be occurring on valued components. One approach that has been undertaken many 
times is combining spatially explicit information with expert based estimates of ecosystem vulnerability, 
using the cumulative impact mapping approach (Halpern et al. 2008,). Using this approach, categories of 
human activities are mapped and expert judgement is used to estimate ecosystem-specific levels of 
impact for the categories so that cumulative impacts can be estimated in a spatially explicit way. Other 
methods that can be spatially explicit or complemented using spatially explicit information are discussed 
in the analytical and modeling methods sections (Sections 4.3 and 4.4).  

A spatially explicit approach is beneficial for understanding how human activities and VCs are exposed to 
each other, and for highlighting areas with concerning overlaps. Combining spatially explicit information 
with another approach (e.g., a model) is beneficial when there is a need for greater understanding about 
the relationship between activities and/or components.  

Level of underlying data/information 

Mapping human activities and VCs can incorporate multiple types of information, including empirical data 
from scientific research, indigenous knowledge, or local knowledge, as well as inference-based 
information from models or expert estimations. Because mapping for cumulative effects inherently 
requires data for multiple human activities and/or VCs, it is often challenging to collect or acquire 
empirical data for all of the data required. Furthermore, it is especially challenging when there is a need to 
estimate how stressors dissipate as they move further from the activity of origin and how that stress then 
impacts specific VCs. Because of this, there is often a reliance on data collected elsewhere in the world 
and/or expert knowledge (N. Ban, pers. comm.). This information is then often used for further analytical 
analyses (see Section 4.3) or in the development of simulation models (see Section 4.4). 

Uncertainty 

Mapping human activities and VCs can involve accounting for uncertainty when applicable. Data about 
human activities are often census based (i.e., data collection designed to capture all of the activity), as is 
the case with AIS data (i.e., it captures all of the movements of the AIS equipped boats). However, when 
human activity or VC data are collected based on sampling only a portion of the activity or component, 
then confidence intervals can be included. Because human activities can usually be measured more 
easily than VCs, which need sampling, it is generally easier to collect data with less uncertainty for 
activities than VCs. 

When mapped information is used in combination with another method then any uncertainties associated 
with the other approach also exist. For example, if a model is used to estimate a level of impact on a VC 
from a specific stressor, estimates of the level of impact will involve uncertainty based on the data used to 
inform that relationship in the model. Some cumulative impact mapping undertakings have worked to 
explicitly account for uncertainties (Figure 4.5) (Gissi et al. 2017). Whether uncertainties are quantified or 
reduced, it is ultimately important to be explicit about where uncertainties exist and/or where assumptions 
have been made (N. Ban, pers. comm.). 
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Figure 4.5. Coefficient of variation (CV) resulting from the Monte Carlo simulation of the four input factors 
used in the uncertainty analysis in Gissi et al. (2017). 

 

4.2.2.3 Feasibility 

Complexity 

Spatial approaches can vary in complexity. Mapping that makes explicit the locations and characteristics 
of human activities or VCs can be relatively low in complexity. This type of mapping and analyzing 
overlaid information requires GIS capabilities (e.g., ArcGIS or QGIS) and knowledge related to analyzing 
different types of datasets (e.g., boat tracks, species habitat use, etc.). Complexity can increase when 
combining mapped information with other assessment methods (e.g., modeling) depending on the 
complexity of the other approach.  

Data/information requirements 

Data or information requirements depend on the number of human activities and/or VCs that are included 
in the scope of the assessment. The more human activities or VCs in the assessment, the greater the 
data requirements. 

In order to assess the cumulative pressure from the comprehensive suite of human activities within a 
space, spatially explicit data are required related to all of the human activities within the space of interest. 
To subsequently assess the stressors that are produced by those human activities, information is 
required about which activities produce which stressors and in what ways (e.g., information about noise 
dissipates with distance from the source vessel; see Section 4.4 for how single stressor model can be 
used to simulate this type of information). To assess the exposure of VCs to activities and stressors, 



ESSA Technologies Ltd. 

 

 
3 6 |  P a g e  

 

spatially explicit data are required about the distribution of VCs within the space of interest (see Section 
4.3 for analytical methods to estimating distributions).  

A complimentary analytical or modeling method can be beneficial for estimating how the VCs are affected 
by the stressors. In doing so, information is required about how stressors affect components of the 
system and how multiple stressors and components interact (e.g., whether the effect from two stressors 
on a component is additive, synergistic, or antagonistic). Data and information requirements associated 
with analytical and modeling methods are further discussed in Sections 4.3 and 4.4. 

In the absence of quantitative data, indigenous knowledge (Section 6.1) or expert judgement (Section 
6.2) may be useful for filling data gaps. Alternatively, assumptions may be used, so long as the 
assumptions are made explicit (N. Ban, pers. comm.).  

Data flexibility 

Because mapping human activities and VCs inherently incorporates multiple types of information, 
including empirical data and inference-based information, there is a large degree in the flexibility related 
to incorporating data not specifically gathered for a cumulative effects assessment and for using data 
from expert judgement in the absence of empirical data. In fact, cumulative impact mapping often relies 
on datasets collected for other purposes (Halpern et al. 2008, Ban et al. 2010), which can include human 
activity data tracked on an ongoing basis (e.g., AIS data) or as part of a specific research project (e.g., 
species population data gathered for a PhD thesis). If mapping of activities and VCs is combined with 
another approach, further data limitations may exist according to the flexibility of the other approach. 

Accessibility 

Because mapping of locations of human activities and VCs has been conducted many times, information 
about methods for doing so are accessible. Furthermore, GIS software systems (i.e., ArcGIS, QGIS) used 
to undertake mapping are commonly used and there is a wide support network of people to support the 
use of these systems.  

Cost 

Undertaking mapping activities varies depending on the scope of the assessment, availability of data, and 
availability of software and human resources. Undertakings can be scoped based on gathering specific 
human activity and/or specific VC data (e.g., only examining vessel traffic related to ferries as opposed to 
multiple types of vessels), and scoped based on different spatial and temporal scales. In addition, cost 
will vary depending on data availability, as cost will greatly increase with the need to gather empirical 
data, conduct expert elicitation exercises, or engage indigenous knowledge holders. 

Interpretability & communicability 

Maps are beneficial for communicating and interpreting information, and this includes maps of locations of 
human activities and VCs. When combining mapped information with other methods, results may become 
more complicated to communicate depending on the complexity of the other method. In general, if ease 
of communication and interpretability is important, using a spatially explicit approach will allow for 
presenting results on maps, which aids communication. 
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4.3 Analytical Methods 

4.3.1 Overview 

This section does not capture the vast literature on statistical methods. Rather it identifies a few key 
methods that are relevant in the context of the CEMS initiative. This section differs from the other sections 
in that the methods focus on how to use empirical information 3. Specifically, we describe how to 
evaluate the spatial distribution of Valued Components, characterize risk, and quantify functional 
relationships for hypothesized pathways.  

 

4.3.1.1 Stressors 

The condition or magnitude of activities (e.g., movement underway) can usually be measured directly and 
relatively easily as it is the thing we are actually in control of. Quantifying the stressors (e.g., noise) 
resulting from a given activity is more difficult. In general, the stressors are quantified using mechanistic 
models (refer to Stressor models Section 4.4.1) based on empirical data for the related activity. While 
there may be some exceptions, there is limited value in further exploring analytical methods for 
quantifying stressors.  

 

4.3.1.2 Valued Components 

Methods for monitoring and evaluating the condition of VCs (e.g., abundance of whales) are more 
complex than for activities. This is because VCs are not directly within our control, they tend to be found 
across broad spatial scales making a sampling approach necessary, and they are often difficult to detect. 
There are a variety of methods which may be applicable including: capture-recapture studies, radio-
tracking, or visual surveys. Collectively the combination of sampling design and field methodologies can 
be referred to as monitoring design, which is beyond the scope of this report. In general, a statistician 
should be consulted to design a robust monitoring program.  

There are however, a few analytical methods associated with identifying the spatial distribution of VCs 
which are likely to be of particular use to the CEMS initiative and are discussed further in this section.  

 

Home-range Estimation 

Summary 

Identification of home-ranges or areas which are most important to VCs during different life-stages or 
times of year. These distributions could be overlaid with corresponding maps of stressors to identify 
exposure hotspots.  

                                                   

 

3 Empirical: �³�R�U�L�J�L�Q�D�W�L�Q�J�� �L�Q�� �R�U�� �E�D�V�H�G�� �R�Q�� �R�E�V�H�U�Y�D�W�L�R�Q�� �R�U�� �H�[�S�H�U�L�H�Q�F�H�´���0�H�U�U�L�D�P-Webster 
[https://www.merriam-webster.com/dictionary/empirical] 
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Description 

�8�W�L�O�L�]�D�W�L�R�Q���G�L�V�W�U�L�E�X�W�L�R�Q�V���D�U�H���G�H�I�L�Q�H�G���D�V���W�K�H���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���D�Q���D�Q�L�P�D�O�¶�V���S�R�V�L�W�L�R�Q���L�Q���W�K�H���S�O�D�Q�H�����:�R�U�W�R�Q����������������
Estimating the utilization distribution is useful for identifying home-ranges or critical habitat for different 
species or life-stages. There are a variety of methods in the literature for estimating home-ranges. In 
general, they require empirical information about where the species of interest is found. This information 
can take a variety of forms including: radio-tracked animals, indirect or direct signs of presence, or visual 
surveys (Cominelli et al. 2018). The frequency of observations is then analyzed spatially to identify the 
utilization distribution. These distributions can be plotted on a map to illustrate the areas which are most 
frequently used by the species or life-stage of interest. There are both parametric4 and non-parametric 
approaches for estimating these distributions. Worton (1987) provides a review of methods for home-
range estimation. These methodologies are fairly simple in concept and a variety of freely available 
software tools exist to support them. A combination of GIS and moderate statistical expertise are 
required. 

 

Figure 4.6. Example of the summer core habitat of Southern Resident Killer Whales estimated using kernel 
density estimation, a non-parametric method (Worton 1989), to estimate utilization 
distributions (Figure replicated from Cominelli et al. 2018). 

 

                                                   

 
4 Parametric approaches involve an assumption about distribution of the data, most commonly that the data are normally distributed. 
Non-parametric approaches do not make any assumptions about the distribution of the data, but in general it is more difficult to 
make statements about the probability or confidence of the results.  
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Habitat Suitability Models (HSM) 

Summary 

Similar to home-range estimation, habitat suitability models are useful for estimating spatial distributions 
of VCs. The additional benefit of habitat suitability models is that future distributions may be predicted 
under different habitat scenarios. HSM are a useful tool to support spatially explicit simulation models 
(Section 4.4). 

Description 

Habitat suitability modeling (HSM) is a method for predicting the quality or suitability of habitat for a given 
species based on known affinities with habitat attributes such as habitat structure, habitat type and spatial 
arrangements between habitat features (e.g., depth, substrate, cover type, etc.). This information can be 
combined with maps of those same habitat attributes to produce maps of expected distributions of 
species and life stages. Unlike home-range estimation HSM requires information about both habitat  and 
species occurrence or abundance  and habitat data must be collected at locations where the species 
does not occur as well as where it does. The basic idea is that when habitat resources are used 
disproportionately to their availability, the species is preferentially selecting the resource (Manly et al. 
2002). 

HSM typically relies on regression techniques to quantify the relationship between habitat and species 
occurrence or abundance. In data-poor situations, a literature review of the available information or expert 
opinion may be used to develop the initial models. Once suitability index values have been calculated for 
the habitat characteristics, by one or another of the methods described above, they can be mapped 
individually and combined into a composite map. The resultant map will show the expected distribution of 
habitat suitability for each species and/or life stage included in the analysis. HSM vary in generality and 
precision, due in part to the sometimes limited quantitative and often qualitative nature of existing 
information. Once the relationship between habitat and the species of interest is quantified, that 
relationship can be used to predict distributions in places where no direct observations of the species 
exist or to predict distributions under alternative future scenarios.  

These methodologies are still simple in concept although the analysis is slightly more involved. Like 
home-range estimation there are a variety of freely available software tools to support HSM (Guisan et al. 
2017). A combination of GIS and moderate statistical expertise are required. 

 

4.3.1.3 Pathways 

This section describes methods for quantifying the functional relationships between stressors and VCs 
(i.e., the pathways in the PoE model, Appendix A) and determining the relative importance of different 
pathways. Functional relationships between one stressor and one VC may take a variety of forms (e.g., 
linear or exponential). Analysis may be completed for a single pathway but also for multiple pathways 
simultaneously. Effects of multiple stressors may be additive or synergistic. Understanding the nature, 
magnitude, and relative importance of different pathways can help to focus the scope of the assessment, 
inform thresholds, parameterize models, and ultimately inform management actions. 
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Risk Assessment 

Summary 

Risk assessment may be useful to the CEMS initiative as a way of identifying locations where exposure to 
stressors may be the greatest in each region and also which impacts (e.g., stressor-VC pathways) are 
most likely. 

Description 

Risk assessments evaluate the exposure of some entity (e.g., VC) to a stressor (or multiple stressors), 
and determine the consequence of this adverse exposure. For example, an analysis involving risk 
�D�V�V�H�V�V�P�H�Q�W�� �P�D�\�� �H�[�D�P�L�Q�H�� �W�K�H�� �R�Y�H�U�O�D�S�� �R�I�� �D�� �V�S�H�F�L�H�V�¶�� �U�D�Q�J�H�� �Z�L�W�K�� �D�� �S�D�U�W�L�F�X�O�D�U�� �V�W�U�H�V�V�R�U�� �D�Q�G���� �W�K�H�U�H�I�R�U�H���� �L�W�V��
exposure to that stressor (Murray et al. 2014). Risk is typically defined as the probability of occurrence of 
a stressor, or hazard , and the magnitude of its consequences; hazard is defined as something that has 
the potential to cause harm (Manuilova 2003). Risk is often portrayed along two axes, with the exposure  
of a valued component (VC) to a stressor on the x-axis, and its sensitivity  to that stressor on the y-axis. 

Some studies estimate the severity of a list of potential stressors of relevance by consulting with experts 
in the field, often through the use of surveys (Halpern et al. 2007, Grech et al. 2008, Stelzenmuller et al. 
2010). Similarly, some studies made use of a phased, screening framework to iteratively assess the risk 
to VCs given under different stressor scenarios. The screening approach can be in the form of a multi-
criteria analysis5 (Stelzenmuller et al. 2010, Hobday et al. 2011, Furlan 2017), or a computer-based 
programs (Manuilova 2003, DFO 2012, DFO 2014).  

Impact scores  may be generated for VCs through application of stringent criteria with threshold values 
(Wood et al. 2012, Lawson and Lesage 2013, O et al. 2015, and Herkul et al. 2017). The risk impact 
scores are the product of exposure and consequence scores, determined through analysis of quantitative 
data within a qualitative criteria framework. 

Several studies have applied a geospatial analysis of the distribution of activities, stressors, and valued 
components of concern to graphically depict areas of highest risk, and aid management decisions 
(Halpern et al. 2007, Grech et al. 2008, Stelzenmuller et al. 2010, Parravicini et al. 2012). An advantage 
of geospatially-focused assessments is that larger areas can be analyzed at the synoptic level, allowing 
data-scarce systems to still be broadly assessed. However, one issue with geospatial analyses is that 
stressors are typically site-specific, and broad extrapolation of their effects at larger spatial scales can be 
difficult (Parravicini et al. 2012).  

 

Regression Analysis 

Summary 

Regression analysis is a general class of analysis which can be used to quantify the relationships 
between stressors and VCs based on empirical data. This approach can be used to determine the 

                                                   

 
5 GIS-based multi-criteria analysis (MCA)  is a tool that generates alternate outcomes based on how input parameters, such as the 
rank order of the stressor, are altered. Any simulated outcome from the MCA that is considered to have a higher level of risk 
associated with it should flag for decision makers that alternate human-activity scenarios should be considered. 
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direction, shape and magnitude of the functional relationship between a given stressor and a VC. It can 
also be used to help determine the relative importance of different pathways for a given VC. Additional 
environmental covariates can be considered to help distinguish between impacts due to the stressor and 
those due to environmental conditions. 

Description 

Regression analysis is a fundamental statistical tool used to estimate relationships between one or more 
response variables and one or more explanatory variables using observed data. Anyone who has taken 
at least one university level statistics course is likely familiar with the concept of fitting a straight line to 
observed data. This basic concept can be extended to a variety of more complex scenarios including: 
more explanatory variables, linear and non-linear functional relationships, interactions, and different types 
of response variables (e.g., categorical, binary, continuous). Generalized Linear Models (GLMs) 
represent the generic form of regression analysis. 

 

�'�:�;�; 
L �B�:�Ú�4 
E �Ú�5�:�5 
E �® 
E �Ú�ã�: �ã 
E�<�Q�; 
E �Ý  Equation 1 

 

Equation 1 describes the basic structure for any GLM analysis: Y represents the response variable, and 
the expected value of Y is given by some function f of a linear combination of the explanatory variables, 
X. The ���¶�V���U�H�S�U�H�V�H�Q�W���W�K�H���F�R�H�I�I�L�F�L�H�Q�W�V���H�V�W�Lmated from the analysis, Zu represent the random effects, �D�Q�G���0��
represents the remaining error. In this case the response variable Y would be the VC, and the stressors 
would be the explanatory variables (X). Random effects may be appropriate in cases where there are 
repeated measurements on the same experimental units (e.g., when the same whale is observed multiple 
times within the study).  

An important part of regression analysis is model selection. It may be possible to fit many different 
models6 given enough data, and it can be challenging to determine which model is best. There is a trade-
off between model fit and predictive ability. A model that fits the observed data extremely well may not be 
very good at predicting future outcomes. Model selection involves looking at a variety of possible models 
which vary in terms of the number of explanatory variables, the functional form, and whether or not 
interaction terms are included. In general, the �µ�E�H�V�W�¶���P�R�G�H�O���L�V���W�K�H��simplest one that adequately describes 
the data.  

There are a number of different approaches to model selection. We recommend the Burnham and 
Anderson (1998) hypothesis driven approach. This approach requires a-priori specification of likely 
models based on biological hypotheses and builds nicely on the conceptual pathways of effects models in 
development.  

There are many variations on this overarching methodology and numerous texts on the subject, 
depending on the details (Dobson 1990; Draper et al. 1998). This method is relatively complex and 
requires advanced statistical expertise.  

 

                                                   

 
6 In this context model refers to the regression model (e.g., the generic form is shown in Equation 1).  
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Classification and Regression Trees and Forests 

Summary 

These methods provide a non-parametric alternative to regression analysis that can be used to determine 
the nature of functional relationships between stressors and VCs as well as identifying the most important 
�S�D�W�K�Z�D�\�V�����7�K�H�\���G�R�Q�¶�W���K�D�Y�H���W�K�H���V�D�P�H���U�H�V�W�U�L�F�W�L�Y�H���D�V�V�X�P�S�W�L�R�Q�V���D�E�R�X�W���G�L�V�W�U�L�E�X�W�L�R�Q���D�Q�G���P�D�\���E�H���E�H�W�W�H�U���D�E�O�H���W�R��
address large numbers of potential stressor pathways.  

Description 

Classification and Regression Trees (CART) are a non-parametric alternative to regression analysis. 
Classification refers to the case where the response variable is categorical and regression trees are used 
otherwise. They are a form of binary recursive partitioning. Beginning with the full data set, the software 
determines which variable is the best to split the dataset and at what value of the variable. Now the data 
is split into two nodes based on a rule for a single variable. Then for each of the nodes the best splitting 
variable is chosen until the full tree is built and no more splits are possible. There are generally options 
available to limit the extent of the tree. The splitting criteria are chosen to maximize the reduction in 
heterogeneity, in other words to split the data so that the response variables within each node are similar. 
A weakness of simple regression trees is that they can be unstable (i.e., highly dependent on the 
particular set of observations). Regression Forests essentially replicate the regression tree process many 
times using a new subset of the data every time. Final predictions use the average findings across all 
observed trees. This method may be useful when there is a lot of data and limited prior knowledge about 
the system.   

These methods are relatively easy to implement using freely available canned software tools such as: 
rpart or randomForestSRC (R Core Team). Brieman et al. (1984) provides detailed guidance on 
implementation. 

 

Principle components analysis 

Summary 

Principle Components Analysis (PCA) could be a useful method for determining which stressors or 
combinations of stressors are most important for a particular VC. This would provide valuable focus for 
subsequent analysis and modeling efforts. 

Description 

Data reduction and interpretability are the primary goals of a PCA. This is particularly useful when there 
are a large number of potential explanatory variables (stressors in this case) some of which may be 
correlated. PCA is a mathematical procedure which transforms the larger number of possibly correlated 
�Y�D�U�L�D�E�O�H�V���L�Q�W�R���D���V�P�D�O�O�H�U���Q�X�P�E�H�U���R�I���X�Q�F�R�U�U�H�O�D�W�H�G���Y�D�U�L�D�E�O�H�V���F�D�O�O�H�G���µ�S�U�L�Q�F�L�S�O�H���F�R�P�S�R�Q�H�Q�W�V�¶. Components are 
linear combinations of the original variables. The nature of the linear combination can give insight into the 
combined effect of multiple variables. The idea is to try and determine which components explain the 
majority of the total system variability. Although you may need many variables to describe all of the 
variability, it is often the case that only a few principle components are needed to account for most of the 
variability in the system (Johnson and Wichern 2002). This method is often used in exploratory analysis 
and may provide inputs to a multiple regression or cluster analysis.  
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Weight of evidence 

Relevance 

Understanding the relative importance of different pathways on a VC helps to focus research and 
management strategies. In practice however, it is difficult to quantify the functional relationships of one 
pathway let alone the relative importance of many. This is particularly true when data are limited or varied 
in nature as is often the case in Cumulative Effects Assessments. Weight of evidence methodologies use 
multiple lines of evidence to make statements about the relative likelihood of different hypotheses or in 
this case pathways.  

Description 

The term Weight of Evidence has been widely used in the literature but there is no agreed upon definition 
(Weed 2005). Burkhardt-Holm and Scheurer (2007) outline an approach that evaluates the: plausible 
mechanism, exposure, correlation/consistency, thresholds, specificity, and experimental evidence through 
a series of questions. Marmorek et al. (2011) simplified and adopted this approach (Figure 4.7) to 
evaluate the relative likelihood that each of 13 potential stressors was responsible for the decline in 
Fraser River Sockeye.  
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Figure 4.7. This flow diagram shows the weight of evidence approach used to determine the relative 
likelihood each particular stressor was responsible for the decline of Fraser River sockeye. This is 
replicated from Marmorek et al. 2010. 

 

4.3.2 Evaluation Criteria 

4.3.2.1 Relevance 

Usefulness for the CEMS initiative 

The marine ecosystem is incredibly complex and there are many unknowns. A critical component of the 
assessment step (Figure 1.2) is to quantify and validate hypotheses about impact pathways using 
empirical information. These empirically based assessments can then be used to support evaluation of 
alternative scenarios using a variety of modeling methodologies (Section 4.4). The analytical methods 
described in this section describe how the CEMS initiative can: 

�x Determine the spatial distribution of VCs of interest. 
�x Develop habitat suitability models so distributions can be predicted based on habitat 

characteristics. 
�x Complete risk assessments to identify high priority areas or pathways where the exposure and 

consequence are high. 
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�x Quantify the magnitude and nature of the functional relationships between stressors and VCs 
(i.e., pathways). 

�x Identify the relative importance of different pathways (i.e., the drivers of the system). 

Spatial & temporal scale 

While the methods described here are broadly applicable, analytical efforts are likely best applied at 
regional or local scales. It may be possible to analyze data from different regions simultaneously, but it is 
likely not useful given the regional differences in VCs. In addition, data availability differs greatly by 
region. It would be easier to tailor the analytical details to the available data. 

Indigenous knowledge 

Indigenous knowledge (IK) is a form of empirical information and can be used in analytical approaches, 
however it is less common. It is better suited to informing the location  of species of interest than the 
abundance , although in some cases it is possible to generate an index of relative abundance using IK. In 
general, IK is more commonly used within analyses such as home-range estimation, risk assessment, 
and weight of evidence. It is possible but less common to use IK to generate inputs to a regression 
analysis.  

 

4.3.2.2 Rigour 

Application of method 

In general, the analytical methodologies are well established and have a strong technical foundation. 
There is extensive literature on both the theory and practice of quantitative methods. In terms of their 
application to cumulative effects assessment, there are quite a few examples which involve determining 
the spatial distribution of VCs and assessing risk. However, there are relatively few examples of pure 
quantitative methods being applied to quantify the functional relationships between stressors and VCs. 
This is likely because the methods can be intimidating, the underlying relationships are likely very 
complex (particularly when multiple pathways are considered), and data are often limited making it 
difficult to draw concrete conclusions. Weight of evidence approaches which enable multiple lines of 
evidence to be considered (e.g., risk assessment, correlation analysis, and indigenous knowledge) are a 
possible compromise. 

Level of underlying data/information 

These methods rely on empirical information. If data do not exist, then spatial methods (Section 4.2) 
based on expert elicitation (Section 6.1) or models may be generated based on current hypotheses 
(Section 4.4), but ultimately some form of observed data are necessary to validate our understanding of 
the system. 

Uncertainty 

An advantage of traditional parametric statistical methods is the fact that findings always include a 
measure of confidence or uncertainty. Non-parametric methods do not make assumptions about the 
underlying distribution and therefore do not directly generate estimates of uncertainty. However, with 
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advances in computing power, bootstrap7 methods can easily be used to generate confidence intervals. 
Risk assessment and Weight of Evidence methods do not explicitly address uncertainty although some 
authors may use ad-hoc approaches to account for uncertainty. 

 

4.3.2.3 Feasibility 

Complexity 

The methods discussed here can be relatively complex for the lay person. There are a number of details 
that depend on the specifics of the particular dataset. In general, a statistician should be consulted when 
analyzing quantitative data. The simplest concept is likely the idea of estimating exposure (i.e., where the 
stressor and the VC overlap). Evaluating a single pathway (i.e., the correlation between one stressor and 
one VC) should also be familiar to anyone who has taken a university statistics class. The weight of 
evidence approach has intuitive appeal and is conceptually simple. The rest of the methods are likely new 
to someone who has limited analytical background.  

Data/information requirements 

In general, these methods are very data intensive, as they strictly rely on empirical information. The 
modeling methods may also be data intensive, but we often rely on expert opinion to initially parameterize 
models until we have a better understanding of the quantitative relationships. In this context of the CEMS 
initiative, there is likely to be more information about the stressors than the VCs. This will limit which 
analyses are possible in each region. 

Data flexibility 

As described in the previous paragraph, these methods are limited to the available data. There may be 
methods that could utilize expert opinion, but for the purpose of this report, the focus of this category of 
methods is specifically on making use of empirical information. Different analyses are possible if you have 
information on: stressor only, VC only, or both. Spatial information enables additional options. Caution 
should be employed when combining information from different studies, particularly when evaluating the 
pathways. Methods for estimating spatial distributions are the most flexible in terms of data inputs. 

Accessibility 

As described in the complexity section, these methods are less accessible than some of the others 
discussed in the report. Risk assessment may be an exception as there are a number of tools that have 
been developed to support this approach (e.g., EcoFate and EUSUS). For moderately experienced 
analysts, R (https://www.r-project.org/) is a free open source statistical package which provides tools for 
all of the statistical methods discussed here. Weight of evidence methodologies are in their own class as 
they require human integration of ideas, difficult for a computer to implement but relatively intuitive for a 
human. 

                                                   

 
7 The term bootstrap is derived �I�U�R�P���W�K�H���L�G�H�D���R�I���µ�S�X�O�O�L�Q�J���R�Q�H�V�H�O�I���X�S���E�\���W�K�H���E�R�R�W�V�W�U�D�S�V�¶�����7�K�L�V���P�H�W�K�R�G�R�O�R�J�\���U�H�O�L�H�V���R�Q���F�R�P�S�X�W�L�Q�J���S�R�Z�H�U��
�W�R�� �G�R�� �W�K�H�� �µ�K�H�D�Y�\�� �O�L�I�W�L�Q�J�¶�� �D�Q�G�� �L�V�� �D�� �U�H�O�D�W�L�Y�H�O�\�� �U�H�F�H�Q�W�� �G�H�Y�H�O�R�S�P�H�Q�W [Efron and Tibshurani, 1994]. Bootstrapping essentially involves 
simulating the findings many times to produce a distribution of outcomes from which confidence intervals can be extracted.  
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Cost 

The most expensive aspect of utilizing these methods is collecting the data in the first place. A relatively 
small investment in analytical support to help set up the analyses also makes sense. We strongly 
recommend using R, for implementation of statistical analyses. Where necessary, R is able to interact 
with other software (e.g., ArcGIS, QGIS, or MS Access). 

Interpretability & communicability 

The results for the spatial methodologies are likely easiest to communicate. Presenting spatial 
distributions or exposure in the form of a map is extremely intuitive and is appealing to many audiences. 
The rest of the methods are more difficult to communicate effectively, and the results of the quantitative 
analyses will often require additional processing to help the reader digest. 

 

4.4 Modeling Methods 

4.4.1 Overview 

The common characteristic of the methods discussed in this section is that they all address cumulative 
effects assessment from a modeling perspective. Models can be defined as tools for the abstraction and 
simplification of natural systems (USGS) which allow the analysis of the system and making predictions 
about its behaviour. Models vary widely in their purpose, format (e.g., software tools), level of complexity, 
data requirements, predictive capacity, etc.  

Specifically, for the marine environment, a broad range of modeling approaches have been used to model 
cumulative effects (Clarke Murray et al. 2014); from conceptual models describing the system and the 
interactions among stressors and Valued Components (VCs) to complex quantitative predictive models 
assessing the effects of specific pathways or stressors. As part of the cumulative assessment process, 
models can be used for a variety of purposes and at various stages; from conceptual models that 
articulate the cause-effects linkages of the system and help identify key components or pathways to 
quantitative models that provide an estimation of the magnitude of the impacts and that can be used to 
explore management scenarios. This section covers relevant methods that use a modeling approach for 
this range of functions by providing insights into one component of a system (i.e., a stressor or a valued 
component), multiple components, or one or multiple pathways (Figure 4.8). 
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Figure 4.8. Modeling methods as they apply to the Pathways of Effects model. 

 

4.4.1.1 Stressors  

The preliminary Pathways of Effects model for marine shipping (see Appendix A) includes 35 stressors 
associated to seven shipping activities: in-water works, anchoring, grounding/wrecking, operational and 
accidental discharge, movement underway and harvesting. 

Based on the results of Tier 1 screening, we found that most of the stressor modeling efforts related to 
marine shipping have focused on quantifying the effects of underwater noise, oil spills and, to a lesser 
extent, the risk of strikes, especially for cetaceans, with vessels. 

Underwater noise 

In terms of underwater noise, which is a particular concern for marine mammals, noise propagation 
�P�R�G�H�O�V���K�D�Y�H���E�H�H�Q���G�H�Y�H�O�R�S�H�G���I�R�U���W�K�H���3�D�F�L�I�L�F���U�H�J�L�R�Q�����(�U�E�H���H�W���D�O�����������������2�¶�1�H�L�O�O���H�W���D�O���������������� �&�R�P�L�Q�H�O�O�L���H�W���D�O����
2018), the Arctic (Aulanier et al. 2017, Halliday et al. 2017), and the Saint Lawrence estuary (Chion et al. 
2017). 

All of these studies rely on simulating noise levels using a numerical acoustic propagation model, which 
incorporates ship traffic information (e.g., cumulative hours, vessel types, etc.), characteristics of the 
water column (Aulanier et al. 2017), and bathymetry data (Erbe et al. 2012), to estimate how 
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anthropogenic noise propagates in the marine environment. Automatic Identification System (AIS) data 
are the shipping traffic data usually used in these noise prediction models. However, since this registry 
only provides information for vessels of a certain size, areas in which small vessels are the predominant 
ship type are not well represented by the AIS records (Erbe et al. 2012). 

Multiple acoustic model tools have been developed which could potentially be used in this type of 
assessment: Range-dependent Acoustic Model (RAM), Research Ambient Noise Directionality (RANDI), 
Marine Operations Noise Model (MONM) developed by JASCO ���2�¶�1�H�L�O�O�� �H�W�� �D�O���� �������������� �7�K�H�� �F�X�P�X�O�D�W�L�Y�H��
MONM noise model was developed by JASCO Applied Sciences for the Noise Exposure to the Marine 
Environment from Ships (NEMES) project. 

The output of these models is usually in the form of sound intensity maps (Figure 4.9), which can then be 
overlaid with habitat ranges or distribution maps of sensitive species (Section 4.3) to complete the 
assessment of exposure to this stressor. 

 

 

Figure 4.9. Output of the cumulative noise model developed by JASCO Applied Sciences. The map shows 
the cumulative Leq - equivalent sound level in decibels - values relative to the ship categories 
combined (Source: Cominelli et al. 2018). 

 

https://nemesproject.com/
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Oil spills 

Oil spill models are used to predict the trajectory of oil spills (due to accidental discharges) large 
accidental ones, not operational ones) in seas. These complex numerical models (Spaulding 2017) have 
intensive data requirements, including high resolution oceanographic (e.g., currents, waves) and 
meteorological information (Alves et al. 2016), information on the time and location of the spill, and 
information about the characteristics of the oil. Various 3-D hydrodynamic oil dispersion models have also 
been developed. For instance, in the Mediterranean there are currently four models: MOTHY, MEDSLIK, 
MEDSLIK-II, POSEIDON-OSM (MEDESS 2018).  

The output of these models is usually in the form of maps and graphs (Figure 4.10) showing the spatial 
evolution of the oil spill in the days following the spill event. These oil dispersion models are usually 
applied in the context of risk analysis (see a more detailed discussion of risk assessment frameworks in 
Section 7), as well as contingency and response planning. 

 

 

Figure 4.10. Example of MEDSLIK oil spill simulations (Source: Alves et al. 2015). 

 

It should be noted that Transport Canada, as part of its Regional Risk Assessment (RRA) program for the 
Northern Shelf Bioregion, is building its internal capacity to perform risk assessments that evaluate the 
probability and potential consequences of marine ship-source oil spills. Some of the software tools being 
considered as part of this process include the following: 

�x SAMSON (Safety Assessment Models for Shipping and Offshore in the North Sea) from the 
Maritime Research Institute of Netherlands (MARIN): This is a software package that uses a 
maritime traffic database (AIS), various environmental conditions such as wind and current and 
different mathematical models to calculate the probabilities of c�H�U�W�D�L�Q���µ�G�D�Q�J�H�U�R�X�V�¶���H�Y�H�Q�W�V�����L���H������oil 
spills). Its modeling functions can provide support for decision making (e.g., port location). 

�x H3D (3D Hydrodynamic Model) is a three-dimensional model developed by Tetra Tech to 
compute the transport and diffusion of temperature, salinity and various introduced contaminants 
such as dissolved oil fractions. 
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�x SPILLCALC , also developed by Tetra Tech, is a time stepping model that computes the motion 
and weathering of liquid hydrocarbon spills.  

Substrate disturbance 

The impact of anchoring on the seafloor biota is poorly understood, especially in deeper waters where 
conducting biological assessments is costly (Davis et al. 2016). Based on AIS data, Davis et al. (2016) 
attempted to evaluate the impact of anchoring off the coast of New South Wales (Australia). Changes in 
currents, tides, and wind make vessels swing on their anchors, creating distinctive arc shapes on the 
seafloor. These arcs delineate areas of the sea bottom subject to scoring and they represent the 
footprints of the anchoring activity. In port areas which have been receiving vessels for decades there can 
be substantial areas subjected to repeat scoring. 

 

Figure 4.11. Anchor arcs based on AIS vessel tracking data near the Port of Newcastle (Australia). Different 
shades denote individual vessels (Source: Davis et al. 2016). 

 

Emissions 

Commercial ships are an important source of air pollutants and greenhouse gases. The Marine Emissions 
Inventory Tool (MEIT) is the primary source of marine emissions data in Canada8 and it can be used to 
assess changes in marine emissions (and fuel consumption). MEIT data can inform air quality models, 
GHG projections, and emissions inventories. 

                                                   

 
8 https://www.green-marine.org/wp-content/uploads/2018/06/Monica-Hilborn.pdf 

https://www.green-marine.org/wp-content/uploads/2018/06/Monica-Hilborn.pdf
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4.4.1.2 Valued Components  

These models focus on assessing the state and the interactions among ecological9 components of the 
environment. They might address a single species, multiple species or the whole ecosystem.  

The main application of these models is to understand the status and potential responses of valued 
(ecological) components to changes in their environment. The valued component can be a single species 
(e.g., sockeye salmon), multiple species (e.g., marine mammals), or an ecosystem (e.g., estuary). This 
section discusses these modeling options. 

Single-species models 

Single-species models are the predominant modeling approach in fisheries assessments (Plagányi 2007). 
Individual-based models (IBMs) and OSMOSE are single-species model examples that study trophic or 
predation rules at the individual level with implications at the population level. 

Another example which has been used outside of the fisheries sector is Population Viability Analysis  
(PVA), which uses demographic models to assess population level effects as one or more demographic 
parameters (e.g., fecundity) are varied (Lacy et al. 2017). Detailed PVA models depend on: availability of 
estimates for demographic rates (both fecundity, survival, and the variability in such rates); confidence 
that observed past rates are predictors of ongoing demography, or that trends can be foreseen; data for 
quantifying effects of threats on demographic rates; and a population model that adequately captures the 
key demographic, social, genetic, and environmental processes that drive the dynamics of the population 
of concern.  

PVA can be used to explore how multiple stressors affect a wildlife population. Where stressors can be 
linked to specific demographic variables, PVA can be used to evaluate the risks from one or more 
stressors to wildlife populations. Lacy et al. (2017) applied a PVA method to the southern resident killer 
whale population to explore the cumulative effect of multiple human stressors, including noise, ship 
strikes and oil spills from shipping. 

Multi-species models 

Multispecies models focus on understanding the trophic interactions among species or functional groups 
(Piroddi et al. 2015). Specifically, they address predator�±prey interactions in marine communities. These 
models have often been developed in the context of fisheries management although some have also 
been used to simulate environmental changes (e.g., water temperature and pH, nutrient concentration, 
etc.). Numerous multi-species models have been developed (Plagányi 2007, Piroddi et al. 2015) covering 
different species groups and trophic interactions. Some of these include Spatial Multi-species Operating 
Model (SMOM), Stochastic Multi-Species model (SMS), and Population-Dynamical Matching Model 
(PDMM). 

                                                   

 
9 It is important to note that although this section is focused on ecological models, valued components can also be cultural or  
socioeconomic. 
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Ecosystem models 

Ecosystem models address the whole ecosystem and describe the relationships between functional 
groups in a system using fundamental assumptions about the mass-balance of a system over some 
period of time. In recent years, with a move toward ecosystem-based management, ecosystem models 
have been gaining attention (Smith et al. 2016).  

There are a range of ecosystem models with varying degrees of complexity (Smith et al. 2016) which can 
be applied at the pathway or multiple pathway level. Some models focus on a specific aspect of marine 
ecosystems, such as fisheries (Plagányi 2007), while other more recent model developments address the 
whole socio-�H�F�R�O�R�J�L�F�D�O���V�\�V�W�H�P�����L���H�������³�H�Q�G-to-�H�Q�G�´���P�R�G�H�O�V���� 

ECOPATH with ECOSIM (EwE) and ATLANTIS are trophic ecosystem modeling frameworks which 
assess trophic flows at the whole ecosystem scale. These models have mainly been applied in fisheries 
management. Compared to EwE, ATLANTIS is much more data-intensive, takes much more effort to set 
up and calibrate, and does not have a simple user interface. 

EwE has been extensively applied in Canada (Figure 4.12) with examples in the Arctic, Pacific and 
Atlantic coasts. Although its primary application has been in the field of fisheries management, EwE is 
increasingly being applied to different ecosystem types and subjects, including pollution, aquaculture and 
marine protected areas (Colleter et al. 2014). Vasslides et al. (2016) looked at literature on the use of 
EwE to assess the impacts eutrophication and other stressors affecting coastal ecosystems. 

 

 

Figure 4.12. Location of EwE model applications in Canada. 
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Raoux et al. (2017) applied Ecopath to assess the impacts of wind farm development on the trophic 
structure of the benthic community; a pathway that could be appropriate to assess the effects of 
anchorage or wreckage. 

A recent study by Harvey (2018) explored possible response functions to anthropogenic noise on a 
population of harbour porpoises using EwE. Using a spatially-explicit modeling approach with Ecospace 
(see more details in the spatially-explicit simulation models sub-section below), this study mapped the 
�V�S�D�W�L�D�O���G�L�V�W�U�L�E�X�W�L�R�Q�V���R�I���V�K�L�S�S�L�Q�J���G�H�Q�V�L�W�\���D�Q�G���L�G�H�Q�W�L�I�L�H�G���µ�K�R�W�V�S�R�W�V�¶���Z�K�H�U�H���F�H�W�D�F�H�D�Q populations and shipping 
coincide. It then modeled the impact that noise levels have on predation behavior of these cetacean 
species and how these effects can manifest in their biomass and trophic interactions with other species in 
the community. 

 

Figure 4.13. Ecopath model used in Harvey 2018. Nodes represent functional groups or organisms in the 
model, scaled to the biomass of the organism within the ecosystem. Trophic levels are shown 
on the y-axis (Source: Harvey 2018). 

 

4.4.1.3 Single Pathway 

These models link stressors to specific VCs by simulating the process by which effects occur from one 
linkage to the next along a specific pathway.  

Underwater noise 

To assess pathways related to noise , outputs from noise prediction models have been combined with 
information about the abundance and distribution of species of concern. This type of assessment can be 
done for one species, such as the study by Cominelli et al. (2018) which looked at the exposure of 
Southern Resident Killer Whales (SRKW) to cumulative noise in the Salish Sea, or multiple species, such 
the assessment Erbe at al. (2014) conducted for 11 marine mammal species found off the coast of British 
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Columbia. Understanding the vulnerability of a given species to various noise levels is a key component 
in these models. For instance, Erbe et al. (2014) developed audiogram-weighted maps reflecting the 
noise threshold for the studied species, based on the available literature. 

Noise models can also be integrated with other models simulating ship-wildlife interactions. For instance, 
Chion et al. (2017) implemented an underwater acoustic sub-model (i.e., Research Ambient Noise 
Directionality model �± RANDI) in the agent-based 3MTSim model to assess the effectiveness of various 
protection measures (e.g., reduced vessel speed, delimitation of no-go areas) for the endangered St. 
Lawrence beluga whale population.  

Ship strikes 

Marine mammals, especially cetaceans, are the species group most at risk of ship strikes. Challenges 
exist in quantifying mortality based on reported collisions, and quantifying the effects of both lethal and 
sub-lethal collisions at the population level. Because of the concentration of cetaceans in the Pacific 
�F�R�D�V�W�����V�H�Y�H�U�D�O���V�W�X�G�L�H�V�����:�L�O�O�L�D�P���D�Q�G���2�¶�+�D�U�D�������������� �'�)�2�������������� �K�D�Y�H���I�R�F�X�V�H�G���R�Q���D�V�V�H�V�V�L�Q�J���V�K�L�S���V�W�U�L�N�H���U�L�V�N��
for whale populations in British Columbia. These approaches are spatially-explicit models which combine 
spatial information on species abundance with shipping data (using AIS or other marine traffic data sets) 
to estimate the relative probability of whale-vessel encounter using generalized additive models (GAMs). 
Although this type of model cannot predict quantitative effects of strike mortality at the population level, it 
can be useful for identifying hotspot areas where high density of cetaceans coexists with intense marine 
traffic (Figure 4.14�������:�L�O�O�L�D�P�V���D�Q�G���2�¶�+�D�U�D��2009). 

 

Figure 4.14. Density (left) and intensity surface (right; a result of whale density x marine traffic vessel 
�‹�•�–�‡�•�•�‹�–�›�����ˆ�‘�”���ˆ�‹�•���™�Š�ƒ�Ž�‡�������‘�—�”�…�‡�ã�����†�ƒ�’�–�‡�†���ˆ�”�‘�•�����‹�Ž�Ž�‹�ƒ�•�•���ƒ�•�†�����ï���ƒ�”�ƒ���Z�X�X�a���ä 

 

The 3MTSim is a socio-ecological model, developed for the Saint Lawrence estuary (Chion et al. 2017), 
that simulates the movements of individual boats (2D) and marine mammals (3D). The main application of 
this model is to evaluate how alternative traffic management scenarios can impact the marine mammals 
and shipping activities in the area. For these alternative scenarios, the model calculates transit times, 
frequency of encounters between marine mammals and boats, and the risk of lethal ship strikes.  
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Oil spills 

As discussed previously, a large number of oil models have been developed in recent years to predict the 
trajectory and fate (i.e., how oil evolves in the marine environment) of oil spills at sea. By coupling these 
models with an evaluation of the effects of oil spills on the components of the environment, it is possible 
to assess this pathway. The Spill Impact Model Application Package, SIMAPTM, is a commercial software 
tool which includes two sub-modules: one physical model that simulates oil trajectory and fate, and a 
biological effects model which includes algorithms to quantify the impact of oil on habitats, aquatic 
organisms (fish, invertebrates, aquatic plants, plankton), and wildlife (birds, mammals, reptiles). French-
McCay (2004) provides an overview of this model and applies it to the Exxon Valdez oil spill as a 
validation case study. This study found that this model provides overall reasonable results. The physical 
model component requires wind and current information. The estimation of biological effects involves a 
higher degree of uncertainty since sensitivity to oil hydrocarbons is not well known for all species (French-
McCay 2004) and the movement patterns and migratory behaviors of some species (e.g., sea birds) 
complicate the assessment of wildlife population exposure to oil. 

 

4.4.1.4 Multiple Pathways  

Conceptual modeling: Pathways of effects 

Understanding the causal links between activities and stressors and their effects on the components of 
the environment underlies, to varying degrees, most of the cumulative assessment methods and tools 
discussed in this report.  

Conceptual models can be defined as descriptions or abstractions of the general functional relationships 
among essential components of an ecosystem (Fischenich 2008). In the context of cumulative effects 
assessment, conceptual models are representations of the linkages or causal relationships between 
activities and stressors and their impacts on the components of the socio-environmental system under 
analysis (Canter 2008, Antony et al. 2013). The output of conceptual models is usually in the form of a 
descriptive narrative and/or graphical representation of the cause-effect linkages identified for the system. 
Conceptual models are a pre-requisite for all numerical models (Smith et al. 2016). 

Conceptual models can be considered identification methods (Canter 2008) which can help with scoping 
VCs, establishing spatial and temporal boundaries, selecting indicators, and identifying the most relevant 
pathways. 

Pathways-of-effects (PoEs) models are one type of conceptual model consisting of a graphical 
representation of the predicted relationships between activities, pressures or stressors and valued 
components. By visually illustrating the complexity of ecosystems and their interactions with human 
activities, PoEs are excellent communication tools (Stephenson and Hartwig 2009). 

Stephenson and Hartwig (2009) used a Pathways of Effects model to determine what activities might 
have a potentially negative effect in the marine ecosystems of the Beaufort Sea in the Yukon North Slope. 
The application of the PoE model in this case resulted in the identification of oil and gas development as 
the main threat for the marine ecosystems in this region. Pathways of Effects conceptual models for 
marine shipping are currently being developed by DFO, and those will be used as a foundational 
component of the Transport Canada led CEMS initiative (Appendix A). 
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Figure 4.15. Example of a single activity Pathways of Effects diagram for marine transportation (Source: 
Stephenson and Hartwig 2009). 

 

Drivers-Pressures-State-Impact-Response (DPSIR) models 

The DPSIR (Drivers-Pressures-State-Impact-Response) approach is a problem-structuring framework 
which can be used to assess the causes, consequences and responses to change (Elliot et al. 2017). 
This approach derives from the Pressure-State-Response (PSR) conceptualizing frameworks, which have 
been used in marine ecosystems risk analysis and management since the 1990s (Patrício et al. 2016).  

The DPSIR model is policy-oriented (Patrício et al. 2016) since it describes the system in terms of drivers 
(e.g., development and economic activities) which cause pressures (e.g., abrasion, increase in marine 
noise, over-fishing) that, in turn, affect the state of the ecosystems (e.g., habitat quality, population size, 
etc.) and require a response in the form of a management action. 

For use in coastal and marine ecosystems, the original DPSIR has been adapted and modified into 23 
derivative approaches (Figure 4.16) (Patrício et al. 2016). Some of these modified approaches seek to 
include the evaluation of ecosystems services in the DPSIR framework. Kelble et al. (2013) developed a 
Driver, Pressure, State, Ecosystem service, and Response (EBM-DPSER) conceptual model and applied 
it to the Florida Keys and Dry Tortugas marine ecosystem. 
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Figure 4.16: Conceptualizations of the DPSIR model: A) original DPSIR model, redrawn from the original EU 
framework (EC 1999), B) recent DAPSI(W)R(M) model (Elliot et al. 2017), and C) timeline and 
development/relationship of DPSIR and derivatives (Source: Adapted from Patrício et al. 2016). 

 

At the core of the DPSIR frameworks there is an understanding of the interactions and relationships 
between stressors and VCs. Furlan (2017) utilized the DPSIR framework to delineate relationships 
between sources of stressors and their consequences for VCs and habitats and further broke pressures 
and impacts into four hazard categories: biological impacts, physical impacts, chemical impacts, and 
climatic impacts (Figure 4.17).  

One of the common critics to DPSIR models is the variability in the interpretation and use of the main 
components of the methodology (i.e., Drivers-Pressures-State change-Impact-Response) (Patrício et al. 
2016). This is reflected in the multiple derivatives of the model which have come up in the last decades. 
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Figure 4.17. Conceptual model of stressors and valued components, and their identified linkages. This 
model is used to inform the risk assessment method (Source: Furlan 2017) 
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Bayesian Belief Networks 

Bayesian Belief Networks (BBNs) are graphical and probabilistic models that represent the correlative 
and causal relationships among variables (McCann et al. 2006). In the context of environmental and 
ecological analysis, this type of model is usually applied to situations where there are substantial 
uncertainties about the system under study (Smith et al. 2016). Common uncertainties in cumulative 
effects assessment include absence or incomplete knowledge of the stressors-VCs relationships and 
uncertainty about the combined effect of multiple stressors (Ban et al. 2014). 

Especially relevant for natural resources management, BBNs can predict the response of ecological 
variables to different management alternatives (McCann et al. 2006). This feature makes this modeling 
method especially suitable for its application in the adaptive management of complex socio-ecological 
systems (Ban et al. 2014, Smith et al. 2016). 

Unlike mechanistic modeling approaches, BBNs do not require explicit understanding of the process 
linking two variables in the system because they calculate the likelihood of change in the state of a given 
variable based solely on probabilities (Langmead et al. 2007). Additionally, BBNs are flexible in terms of 
the input data and can perform calculations based on expert opinion if empirical data are not available. 
They can model uncertainty while also accounting for sensitivity in the system (Lawson and Lesage 2013, 
Goerlandt and Montewka 2015). 

Graphically, BBNs are networks which represent the causal relationships among nodes (state variables) 
and other components of the system through a box and arrows scheme. The links between components 
are based on the understanding of the underlying processes (Smith et al. 2016). Each node is associated 
with a function that gives the probability of the variable dependent on the upstream/parent nodes (Smith 
et al. 2016). To date, the application of BBNs to marine assessments has been limited (e.g., Langmead et 
al., 2007; Ban et al. 2014; Stelzenmüller et al. 2010 and 2015; Uusitalo et al., 2015). Ban et al. (2014) 
applied a BBNs approach to study the effects of multiple stressors, and multiple water management 
alternatives, to coral reefs in the Australian Great Barrier Reef. The main interest in this study was to 
understand the relative effects of the stressors.  

Stelzenmüller et al. (2010) combined BBNs and Geographical Information Systems (GIS) in order to 
generate a spatial representation of the model-based management scenarios. The BBN model (Figure 
4.18) represents the overall level of vulnerability within the study area as a function of the intensity of 
three example human activities, and the type of marine landscapes and their sensitivity to those activities. 
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Figure 4.18. Conceptual model and baseline scenario showing the key variables used to predict the overall 
level of vulnerability of UK marine landscapes and the values for the probabilities (%) for 
defined categories of the respective nodes. Source: Stelzenmüller et al. 2010. 

 

Spatially-explicit simulation models 

With the movement toward ecosystem-based management of marine areas, models that allow the 
assessment of spatially explicit cause-effect relationships are gaining attention (Fulton et al. 2015). 
Combining multiple modeling techniques under a spatially explicit predictive framework enables a holistic 
assessment of the system and facilitates the identification of monitoring and management actions (Bastos 
et al. 2017).  

These models are the ultimate cumulative effects assessment tool (Peter Duinker, pers. comm.). They 
require an understanding of the quantitative relationships between stressors and VCs (4.3.1.3) and a 
baseline or starting state condition. From there, a grid structure is overlaid on the area of interest, and the 
state of each cell is modeled over time. Using this information, they allow for the evaluation of alternative 
scenarios over time and space. They are most relevant at the regional scale. Ecospace is an example of 
a spatially-explicit ecosystem model which can predict impacts on marine ecosystems based on the 
Ecopath mass-balance approach. Ecospace has been applied to evaluate marine protected areas and 
fisheries management (Walters et al. 1999). Ecospace can generate future predictions of spatial biomass 
patterns for several hundred grid cells and for several species. Although it cannot provide detailed 
quantitative predictions, this model is useful as a policy screening tool (Walters et al. 1999).  
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Figure 4.19: Example of biomass distribution maps predicted by Ecospace for the coast of Brunei 
Darussalam, Southeast Asia, with red indicating high and blue indicating low deviations from 
the Ecopath baseline for each functional group (Source: Walters et al. 1999). 

 

The approach used by Harvey (2018) to assess the impacts of noise on cetaceans also applied an 
EWE/Ecospace modeling approach. 

Johanson et al. (2017) applied the spatially-explicit model SPRAT to analyze the historical change in the 
eastern Scotian Shelf; a cod-dominated area which shifted to a herring-dominated ecosystem. SPRAT is 
a fish stock prediction tool that models in 3D the flow of energy or biomass through the ecosystem. It can 
simulate the effect of both environmental (e.g., water temperature) and biological (e.g., species 
interactions) drivers affecting the fish stock of interest and also the implications for the ecosystem of 
planned management interventions. 

  

 

Figure 4.20: Graphic model outputs from SPRAT showing biomass distributions for the predator (left) and 
forage fish (right) functional groups (Source: Johanson et al. 2017). 
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These types of models have also been developed for other types of VCs. For instance, the Caribou 
Cumulative Effects (CCE) is a multi-model approach for projecting the impacts of industrial development 
and climate change on caribou herds. The model has been used to examine the cumulative impact of 
development and climate change within the range of the Bathurst Herd in the Canadian Arctic. Bastos et 
al. (2015) also applied a spatially-explicit approach to study the cumulative impacts of wind farms on birds 
in Europe. 

 

4.4.2 Evaluation Criteria 

 

4.4.2.1 Relevance 

Usefulness for the CEMS initiative 

Modeling methods can support the assessment of cumulative effects in various ways. Models can assist 
in articulating hypotheses, scoping, quantifying the intensity of stressors (stressor models), assessing the 
state and interactions among the components of the environment (valued component models), linking the 
stressors with their effects on valued components (single pathway models) and in studying how multiple 
pathways can have impacts on one or more valued components (multiple pathways models).  

Stressor Stressor models are useful for quantifying spatial scale and magnitude of a specific stressor 
based on information about the related activity. However, it should be noted that modeling 
stressors is not enough to assess cumulative effects and the outputs of these models need to be 
compared to thresholds or combined with other models that assess the impacts of these 
stressors on valued components. The development of these models has focused on certain 
stressors (i.e., underwater noise and oil spills) for which there are a variety of tools and options 
available. For other stressors associated with shipping, such as substrate disturbance, there are 
relatively few examples.  

Valued 
Component 

Single-species models are relevant to understand how specific species might respond to 
cumulative stressors to project population changes (Lacy et al. 2017) and explore management 
scenarios. Multi-species models have a narrower focus on simulating trophic/predation 
interactions and their use to study anthropogenic stressors has been very limited. Ecosystem 
models expand the scale to study whole ecosystems but their focus is also on the trophic 
interactions among communities or functional groups. These models have primarily been used to 
answer questions pertaining to fisheries management. However, some applications of 
ecosystem models (i.e., EwE) are starting to investigate the incorporation of other types of 
pressures. 

Pathway These models provide an opportunity to gain a more in-depth understanding of a pathway of 
interest (i.e., effects of given stressor on a priority VC). Most importantly, they can be used to 
test alternative scenarios or management actions and their effects on the interactions between 
stressors and valued components. For instance, Chion et al. (2017) used the 3MTSim model to 
estimate how shipping restriction measures affect the beluga population in the St. Lawrence. 

Multiple 
pathways 

Multiple pathways models are problem-structuring frameworks and can be applied to any 
combination of stressors and valued components (Patrício et al. 2016). Their application to 
marine environments has been limited (Smith et al. 2016). However, as conceptual models they 
can be adapted to the specific problem and system under study. These models can also be part 
of broader decision support frameworks. 

 

http://www.apexrms.com/caribou-simulation-model/
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Spatial & temporal scale 

Model methods are best applied at the regional scale because they are precise enough at finer scales 
and at larger than regional scales the uncertainty in the processes modeled and the outputs increases 
significantly. Multiple pathways methods used in marine policy, such as DPSIR, have also been applied at 
a larger scale by linking various marine systems. 

Stressor In regard to spatial and temporal scale, stressor models are best suited to be applied at the 
regional scale because predictive ability decreases significantly at finer (local) and broader 
scales. However, some of the modeling tools may be able to be replicated in different regions as 
marine shipping activities tend to be similar across regions.  

Valued 
Component 

Ecological models can be applied to a range of spatial and temporal scales. However, they are 
usually applied at the regional level (e.g., habitat or ecosystem distribution in a specific region). 
VCs tend to differ by region.  

Pathway Because they combine information about the stressor and the distribution range or habitat use of 
one or more species, pathway models are best applied at the regional level.  

Multiple 
pathways 

Multiple pathways modeling can be applied for different VCs across ecosystem types (e.g., 
coastal, marine) and various geographical scales. The DPSIR model can also link marine 
systems and show the connectivity between adjacent systems (Patrício et al. 2016). This 
connectivity can be visualized by several interlinked DPSIR cycles (Smith et al. 2016). This 
connectivity makes DPSIR models especially useful for larger scales. 

 

 

Figure 4.21. Multispace DPSIR cycles: A) Separate DPSIR cycles linked through a common Pressure 
element (e.g., abrasion pressure from the activities of benthic trawling, anchoring, dredging, 
etc.); B) Example of linked DPSIR cycles in a particular ecosystem with individual separate 
Pressures (P1-P3), each associated with discrete Activity types (A1-A4) (Source: Adapted from 
Smith et al. 2016). 
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Indigenous knowledge 

Stressor 
Methods reviewed in this section mostly deal with physical, ecological and technical parameters 
and the examples found in the literature do not include considerations related to indigenous 
knowledge. However, indigenous knowledge could be used to complement the assessment, for 
instance to inform parameter estimates or validate and contrast the outputs of the models. 

Valued 
Component 

Pathway 

Multiple 
pathways 

Indigenous knowledge can be integrated in any of these modeling approaches. Especially 
conceptual modeling approaches (i.e., PoE, DPSIR and BBN) lend themselves to participatory 
approaches involving multiple stakeholders. Antony et al. (2013) developed conceptual and 
BBNs models for the Great Coral Barrier Reef in Australia as the result of an extensive 
participatory process including experts and other stakeholders. Expert and indigenous 
knowledge can inform the development of these models. 

 

4.4.2.2 Rigour 

Application of method 

Model methods are well documented in the academic literature. In the case of multiple pathways models, 
one shortcoming is the fact that many of these models have only been applied conceptually. 

Stressor Stressor models have frequently been applied in research studies, impact assessments, and 
other instances. Applications have been documented in the literature (multiple papers). Noise 
models have been developed and studied extensively in Canada. There are multiple examples of 
their applications across regions (e.g., Arctic, Pacific and Atlantic regions). There is a range of 
choices in terms of specific tools and applications for each stressor. 

Valued 
Component 

The development and application of these models is well established in the literature with 
multiple academic papers describing the use of these models in different geographic and 
ecological contexts. 

Pathway The development and application of pathway models is well established in the literature, 
especially for pathways that have received more attention, such as the effects of underwater 
noise on marine mammals. 

Multiple 
pathways 

Many of these models are applied at a conceptual level. For instance, Patrício et al. (2016) found 
in their review that the links between pressures and state changes are not usually quantified in 
DPSIR frameworks but analyzed conceptually. Spatially-explicit models are usually documented 
in applications or case studies. 

 

Level of underlying data/information 

Models tend to rely on quantitative empirical information as input data however preliminary models can be 
developed in absence of empirical information. More policy-oriented and scenario-based models such as 
DPSIR or BBN are particularly well suited to incorporating other types of information, including qualitative 
data and expert opinion. 

Stressor Stressor models are based on research and the current scientific understanding of the processes 
and mechanisms by which the stressors manifest (e.g., underwater noise models are based by 
the physics involved in noise propagation under the sea). The output of these models is 
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generally quantitative data displaying the results of simulations 

Valued 
Component 

For the modeling of species or functional groups, these models rely on the scientific knowledge 
available (e.g., life cycle, population dynamics, predation behavior, etc.) and also on 
observational data (e.g., spatial distribution of a certain species). 

Pathway These methods rely on the scientific knowledge about the species or ecosystems being 
modeled, as well as on the understanding of the cause-effect relationships by which stressors 
impact these components (Section 4.3). In the absence of empirical data (e.g., for the distribution 
of a certain species), input data can be complemented with expert knowledge but, to a large 
extent, these models rely on scientific data.  

Multiple 
pathways 

These models rely on a variety of data sources; from quantitative empirical data to qualitative 
information or expert judgement (Smith et al. 2016). 

 

Uncertainty 

Most modeling methods document the uncertainty associated with their simulations, at least in terms of 
data input quality and information gaps. 

Stressor Uncertainty is explicitly captured and accounted for as part of the model calculations. 

Valued 
Component 

The application of these methods is usually documented in a systematic manner, including 
uncertainties in the knowledge base of the model (e.g., uncertainties about certain parameters) 
or the prediction scenarios. 

Pathway Uncertainty associated with the sources of data and model outputs are usually formally 
documented in the case studies or applications.  

Multiple 
pathways 

Bayesian Belief Networks treat uncertainty explicitly (Ban et al. 2014) and systematically as part 
of the evaluation of probabilities. The rigour in treatment of uncertainty is more variable in the 
other methods. For instance, DPSIR models usually incorporate many types of data and this can 
lead to uncertainty not being systematically accounted for (Smith et al. 2016). 

 

4.4.2.3 Feasibility 

Complexity 

Models are complex assessment methods that require specific, and often expert, knowledge about the 
processes and VCs under study. 

Stressor The complexity of stressor models requires model users to have a good level of understanding of 
the science of the processes simulated by the model (e.g., noise propagation, oil spills), good 
quantitative skills, and capacity to interpret numerical and graphical outputs. 

Valued 
Component 

Ecological models are complex and require specific skills, most notably knowledge about the 
ecology of the target species. The implementation of these models can be a long process 
involving: the set of the model (defining boundaries, selecting parameters and indicators, etc.), 
collecting the necessary data sets, calibration and running the model for multiple scenarios. 

Pathway These models are complex and require users with expert knowledge on multiple disciplines. 
They can involve, and therefore require knowledge about how to implement, a sequence of sub-
models in which the stressor is modeled first and then outputs are incorporated in an ecological 
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or biological model to assess the effects on the valued component. 

Multiple 
pathways 

There is a wide range of complexity in these models. Depending on the specific objectives of the 
assessment and the characteristics of the system, the models can be simple or complex and part 
of a nested modeling approach. 

 

Data/information requirements 

Data requirements are significant for all model methods with the exception of pathways of effects.  

Stressor In regard to data/information requirements, development of stressor models requires extensive 
data sets and specific site-specific data for their calibration and validation. 

Valued 
Component 

In general, these models are intensive in terms of data requirements. PVA models, for 
instance, require a sound understanding of the life cycle and population dynamics of the target 
species (Lacy et al. 2017). Ecopath models require input data of six key parameters (Harvey 
�������������� �E�L�R�P�D�V�V���� �S�U�R�G�X�F�W�L�R�Q���E�L�R�P�D�V�V�� �U�D�W�L�R���� �F�R�Q�V�X�P�S�W�L�R�Q���E�L�R�P�D�V�V�� �U�D�W�L�R���� �µ�R�W�K�H�U�� �P�R�U�W�D�O�L�W�\�¶���� �G�L�H�W��
composition, and catches. Although they can rely on estimates for these parameters, Ecopath 
and other ecosystem models are data intensive. 

Pathway Data requirements are substantial and specific. Because they address different processes 
along the pathway of effects, both information on the stressor and on the valued component 
needs to be collected to run these models.  

Multiple pathways Data requirements vary widely for these models. The application of DPSIR models relies on 
having not only indices of change but also baselines, thresholds and targets against which to 
judge that change (Smith et al. 2016). Spatially-explicit models are more demanding in terms 
of data than the other approaches. 

 

Data flexibility 

Models are generally not flexible in terms of their data needs. Some of the multiple pathways models, 
such as DPSIR, allow for certain flexibility in terms of the quantity and quality of information needed for 
running them. 

Stressor These models have specific data requirements and cannot run on types of data other than 
what they are designed for. 

Valued 
Component 

As more data become available, specific interactions in the ecosystems can be better 
quantified (Lacy et al. 2017). In the absence of empirical data, models can use expert 
elicitation to estimate parameter values, or can use sensitivity analysis10 to bound the problem. 
However, the parameters themselves are fixed (e.g., biomass, growth and predation rates, 

                                                   

 
10 �³Sensitivity analysis is the study of how the uncertainty in the output of a mathematical model or system can be apportioned to 
�G�L�I�I�H�U�H�Q�W�� �V�R�X�U�F�H�V�� �R�I�� �X�Q�F�H�U�W�D�L�Q�W�\�� �L�Q�� �L�W�V�� �L�Q�S�X�W�V���´�� �>�: �L�N�L�S�H�G�L�D�� �D�F�F�H�V�V�H�G�� �-�D�Q�� �������� ���������@�� �: �K�H�Q�� �G�D�W�D�� �D�U�H�� �O�L�P�L�W�H�G���� �W�K�H�� �P�R�G�H�O�� �P�D�\�� �E�H��
manipulated to evaluate the outcome under alternative hypothetical scenarios.  
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etc.). 

Pathway The combination of different sub-models restricts the data flexibility of the models. They require 
specific ecological information and data about the stressor and the mechanism of impact. 

Multiple pathways One of the strengths of BBNs is that probabilities in the model can be combined and quantified 
using different types of data: empirical data, statistical associations, mathematical 
representations, and probabilistic quantities derived from expert knowledge (Stelzenmüller et 
al. 2010). In general models allow the information to be easily updated with improved data 
(Smith et al. 2016) 

 

Accessibility 

Stressor Stressor model accessibility (medium) depends on the model. There are some publicly 
available simulation tools (e.g., MEDSLIK-II) for which case studies and user manuals may 
exist. However, many models are not provided in a way that allows for the public to easily use. 

Valued 
Component 

Users of ecological models need specific knowledge and training. Most of their applications are 
carried out in academic contexts or by scientists working for entities involved in the 
management of marine resources. There is ample documentation (e.g., technical and 
academic references) for these models. For instance, Ecobase is a publicly available database 
developed by EwE users which includes over 400 EwE models with their metadata and over 
190 models available for download.  

Pathway Implementing these models requires knowledgeable users with technical expertise in different 
fields (e.g., underwater noise and ecology of cetaceans). 

Multiple pathways Conceptual models are easily accessible by stakeholders with various levels of technical and 
expert knowledge. Spatially-explicit simulation models require users with extensive modeling 
expertise. 

 

Cost 

Stressor Costs may involve purchasing software licenses and/or datasets and might also involve the 
collection of site-specific data for validation. Implementation costs also include the time effort of 
multidisciplinary teams of experts. 

Valued 
Component 

Implementation costs of these models can be substantial. Personnel with specific skills and 
knowledge are required, often in a multi-disciplinary context, and the process of setting up and 
running the model takes time. 

Pathway Implementation of these models can be costly as they tend to involve setting up and running 
several sub-models.  

Multiple pathways The costs in developing and implementing these models can vary significantly depending on 
the type of model. Compared to the other modeling approaches discussed in this section, 
implementation of conceptual models is less costly. Spatially-explicit models might have 
additional costs for things such as specific software and data requirements. 

 

http://sirs.agrocampus-ouest.fr/EcoBase/
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Interpretability & communicability 

Stressor Most stressor models are spatially-explicit with outputs that are in the format of maps, which 
are relatively easy for interpretability and communicability. 

Valued 
Component 

Ecological model outputs can be difficult to interpret by non-expert audiences. There is a 
variety in the format of the outputs, including graphs (Figure 4.22), maps for those which are 
coupled with GIS applications, tables, etc. All these outputs consist of quantitative information 
and projections into the future. 

Pathway Outputs are usually in the form of maps, which are generally useful for interpretability and 
communicability. Because of their focus on the evaluation of scenarios, the relevance of these 
applications is more obvious. 

Multiple pathways Conceptual models can be developed in  consultation with mixed groups of scientists, 
managers and stakeholders and provide a platform for discussing the structure and key 
elements of the system of interest. DPSIR and PoE models can be useful as a visualization 
tools for complex interactions (Patrício et al. 2016) and are valuable for communicating among 
many stakeholders.  

One of the common critics to DPSIR models is the variability in the interpretation and use of 
the main components of the methodology (i.e., Drivers-Pressures-State change-Impact-
Response) (Patrício et al. 2016). This is reflected in the multiple derivatives of the model which 
have come up in recent years. 

Spatially explicit simulation models are difficult to implement but generate spatially explicit 
predictions (i.e., maps) which are intuitive to interpret. 

 

 

Figure 4.22. Example of a single-species model output. Mean projected Southern Resident Killer Whale 
(SRKW) population sizes for scenarios with (from top to bottom): no anthropogenic noise or 
contaminants; current Chinook abundance, noise, and PCBs; reduced Chinook, increased noise, 
and additional threats of oil spills and ship strikes as estimated for low level impacts of future 
industrial development; and these increased and additional threats with higher level impacts of 
development (Source: Lacy et al. 2017). 
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5 Comparative Analysis 
 

5.1 Comparison across assessment methods 

Section 4 provides a detailed evaluation of each of the three assessment methods (i.e., spatial, analytical 
and modeling), this section presents a higher-level comparative overview across methods (Table 5.2). We 
have qualitatively ranked the methods for the three main evaluation criteria: relevance, rigour and 
feasibility as described in Table 5.1. Relevance refers to the general usefulness of the method (i.e., 
relevant spatial scale, ability to incorporate indigenous knowledge), rigour provides an overall evaluation 
of the strength of the method in terms of how well established and justified the method is and the quality 
of their inputs and outputs. Lastly, feasibility provides an estimation of how easy it would be to implement 
the method (e.g., skills and resources required, complexity of the method, etc.). 

 

Table 5.1. Qualitative ranking of methods according to the evaluation criteria. 

Evaluation 
criteria 

High Medium Low 

Relevance 

All methods discussed in the detailed review are relevant or they would not have been 
removed at the screening phase. However, some methods were considered more useful 
than others to the specific CEMS context. The rating of high, medium, or low reflects this 
assessment. 

Rigour  Well documented in academic 
papers, case studies, etc. 
Quantitative assessments that 
account for uncertainty 

Methods which have been 
documented but they are less 
standardized or are more 
recent applications 

General lack of 
documentation. The 
method is not supported 
by a well-established 
application 

Feasibility The method is easy to 
understand and interpret. 
There is flexibility in data 
requirements and accessible 
tools 

Moderately complex, some 
expertise required. Some 
flexibility in data needs. 

Data-intensive complex 
methods which require 
expert knowledge for 
their implementation. 

 

Given that we identified the most promising methods during the screening phase, it is not surprising that 
most of the methods rank from medium to high for the three criteria. The analytical methods regression 
and principal component �D�Q�D�O�\�V�L�V���U�D�Q�N���µ�O�R�Z�¶���R�Q���I�H�D�V�L�E�L�O�L�W�\���E�H�F�D�X�V�H���R�I���W�K�H�L�U���F�R�P�S�O�H�[�L�W�\���D�Q�G���U�H�T�X�L�U�H�P�H�Q�W���I�R�U��
�H�[�S�H�U�W���V�W�D�W�L�V�W�L�F�D�O���V�N�L�O�O�V�����0�X�O�W�L�S�O�H���V�S�H�F�L�H�V���D�Q�G���H�F�R�V�\�V�W�H�P���P�R�G�H�O�V���Z�H�U�H���H�Y�D�O�X�D�W�H�G���D�V���µ�O�R�Z�¶���I�R�U���E�R�W�K���U�H�O�H�Y�D�Q�F�H��
and feasibility because of their indirect applicability to marine shipping and their high demands in data 
and expert skills for their implementation. 
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Table 5.2. Comparative evaluation of assessment methods (coloring indicates low = red, medium = orange, and high = green) 

Category 
 Evaluation criteria 

Method Relevance Rigour Feasibility 

S
pa

tia
l M

et
ho

ds 

Stressors Mapping Useful for understanding the spatial variability 
of different types of stressors, especially given 
that the type and intensity of vessel traffic 
differs spatially in Canadian waters. Can use 
indigenous knowledge with this method. High 

Methods for mapping stressors are well 
documented in peer-reviewed papers. High 

The method is intuitive in application and interpretation. 
It can incorporate multiple types of data, which are 
relatively easy to collect. Compilation of data requires 
skills and tools that are widely used. High 

Valued 
components 

Mapping Useful for understanding the spatial condition 
of VCs, and along with stressor information, 
the exposure of VCs to different stressors. 
Can use indigenous knowledge with this 
method. High 

Methods for mapping stressors are well 
documented in peer-reviewed papers. High 

The method is intuitive in application and interpretation. 
It can incorporate multiple types of data, and 
compilation of data requires skills and tools that are 
widely used. Data collection can be costly if they do not 
already exit. High 

Pathways Cumulative impact 
mapping 

A spatially explicit way to connect stressors to 
effects on the underlying ecosystem using 
limited data. May be useful depending on the 
assessment need. Although not common with 
other applications, could use indigenous 
knowledge with this method. Medium 

Cumulative impact mapping has been applied 
in many places with an approach that is well 
documented in peer-reviewed papers. Data 
needs are high, which result in data limitations 
that require assumptions to draw conclusions. 
Medium  

There are multiple documented applications to follow in 
applying it. However, with high data requirements 
requiring assumptions, there is complexity in the 
nuance of the application. It also requires conducting 
expert elicitation. Medium 

A
na

ly
tic

al
 M

et
ho

ds 

Stressors  Not Applicable. Can typically be directly measured or estimated through single stressor models (see Section 4.4).  

Valued 
components 

Home-range 
estimation 

Identify critical habitats. Medium Well documented use in academic papers. 
Can account for uncertainty. High 

The method is intuitive in application and interpretation. 
It is relatively flexible in terms of data requirements and 
can incorporate a variety of sources of varying degrees 
of precision. At a minimum the method requires 
georeferenced observations for the VC of interest. 
There are a variety of freely available software tools to 
support this method. High 

Habitat Suitability 
Modeling 

Identify critical habitats and predict species 
distributions. High 

Well documented use in academic papers. 
Can account for uncertainty. High 

The method is intuitive in application and interpretation. 
The analysis and data requirements are more intensive 
than for home-range studies. In addition to 
georeferenced observations of the VC, data are also 
required for habitat at locations with and without the VC 
present. Users require moderate statistical knowledge.  
Medium 
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Category 
 Evaluation criteria 

Method Relevance Rigour Feasibility 

Pathways Risk Assessment Useful for identifying high priority pathways 
where the exposure and consequence are 
high. As a scoping and prioritization tool, this 
method is highly relevant. It is not well suited 
to quantifying the actual functional response 
of a VC to an activity or stressor. Medium - 
High 

Well documented use in academic papers, 
however the method is less standardized and 
less quantitative than many of the other 
analytical methods. Ad-hoc methods are 
sometimes used to address uncertainty. 
Medium 

The method is intuitive in application and interpretation. 
It is relatively flexible in terms of data requirements and 
can incorporate a variety of sources of varying degrees 
of precision. High 

Regression analysis Assess magnitude and nature of functional 
relationships between stressors and VCs as 
well as identify the relative importance of 
different pathways (i.e., the drivers of the 
system). High  

The most established analytical method 
discussed in this report. Well documented use 
in academic papers. Can account for 
uncertainty. Given sufficient data this is the 
preferred method to quantify relationships. 
High 

Data intensive. Implementation and interpretation are 
challenging. Users require significant statistical 
knowledge. Application to a single pathway is less 
challenging (i.e., requires less data and is easier to 
implement and interpret) than trying to evaluate the 
relative importance of many stressors on a particular 
VC. Low 

Classification and 
Regression Trees or 
Forests 

Assess magnitude and nature of functional 
relationships between stressors and VCs. 
High 

A more recent development in the literature 
but this approach is still well documented in 
academic papers. Bootstrap methods are used 
to account for uncertainty. Medium 

This approach is more data intensive than regression 
analysis. The method is relatively easy to implement 
and interpret through use of freely available software 
tools. It may be useful when there are a relatively large 
number of potential stressors and uncertainty in terms 
of the nature of the relationships. There are a variety of 
freely available software tools to support this method. 
Users require moderate statistical knowledge. Medium 

Principle 
Components 
Analysis 

Identify the relative importance of different 
pathways (i.e., the drivers of the system). 
Primarily useful in this context to help refine 
scope. Medium 

Well documented use in academic papers. 
Can account for uncertainty. High 

Data intensive. Implementation and interpretation can 
be intimidating without statistical expertise. Low or 
medium? 

Weight of Evidence Identify the relative importance of different 
pathways (i.e., the drivers of the system). 
High 

Well documented use in academic papers, 
however the method is less standardized and 
less quantitative than many of the other 
analytical methods. Uncertainty may be 
addressed quantitatively or using ad-hoc 
approaches within some lines of evidence and 
not others.  Medium 

This method has intuitive appeal and is conceptually 
simple yet can incorporate more rigorous information 
where available. The method can incorporate a variety 
of data sources varying in quality and quantity. High 
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Category 
 Evaluation criteria 

Method Relevance Rigour Feasibility 

M
od

el
in

g 
M

et
ho

ds 

Stressors 

 

Highly relevant for studying the intensity of 
specific stressors (noise, oil spills) and 
explore management scenarios. Models exist 
for a few stressors associated to marine 
shipping. High 

These models are the outcome of well-
established research. They are well 
documented. Explicitly address uncertainty. 
High 

Extensive and specific data requirements. Users need 
quantitative skills and subject knowledge. Costs may 
include purchase of specific software. Medium 

Valued 
components 

Single species Useful for exploring scenarios and understand 
the response to stressors of a species of 
special importance (priority VC). Medium 

Well documented use in academic papers. 
High 

Requires extensive knowledge and data of the target 
species. Users need quantitative/statistical skills. 
Medium 

Multiple species These models focus on simulation 
trophic/predation interactions. Unclear link to 
anthropogenic pressures. Low 

There are multiple case studies and academic 
papers documenting the applications of these 
models. Rigorous data treatment and explicit 
consideration of uncertainty. High 

Requires extensive knowledge and data of the target 
species. Users require significant statistical knowledge 
to model the species interactions. Low 

Ecosystems Primarily used for fisheries management, 
these models are starting to be applied to 
account for other human activities. However, 
it is unclear how it would apply to CEMS 
initiative unless the VC itself is an ecosystem. 
Low  

Extensive literature on these models. Many 
tools and methods available with specific 
documentation. Uncertainties are usually 
documented. High 

In general, these are data intensive models requiring 
large data sets to calibrate and run the simulations. 
Low 

Single pathway  These models establish the interactions 
between stressors and VCs and can be used 
to evaluate alternative scenarios. High 

Well documented in the literature. 
Uncertainties (in the knowledge base and the 
predictions of the model) are well documented. 
High 

Extensive and specific data requirements. Multi-
disciplinary teams with expert knowledge. Costs may 
include purchase of specific software. Medium 

Multiple 
pathways  

PoE An explicit understanding of the cause-effect 
linkages between stressors and components 
should underlie any model. High 

PoEs are considered best practice. The quality 
of the evidence supporting the links 
determines the level of uncertainty of the 
model. Medium 

PoE models can be developed by a range of 
stakeholders based on the data and knowledge 
available. High 

DPSIR Flexible problem-structuring approach that 
can be applied to a variety of contexts. Policy-
oriented model. High 

Limited practical application; most 
assessments are semi-quantitative. Medium 

This model is data flexible and it can be adapted to the 
available resources. High 

BBN Limited application to marine problems but 
these models are emerging as a solution in 

Uncertainty explicitly addressed. High BBN models can combine empirical data and expert 
knowledge. High 
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Category 
 Evaluation criteria 

Method Relevance Rigour Feasibility 

data-limited contexts. High 

Spatially explicit Holistic modeling approach that assesses the 
implications of cumulative effects over space. 
High 

Case studies well documented in the literature. 
Uncertainty usually documented. High 

These models require specific skills (spatial and 
stochastic modeling) and are more data-intensive than 
other multiple pathways models. Medium 

 

 

 



Evaluation of Cumulative Effects Assessment Methodologies for Marine Shipping 

Phase 2: Draft Final Report 

 
7 5 |  P a g e  

 

5.2 Application to the Cumulative Effects of Marine Shipping Initiative 

5.2.1 Overview 

This section describes how methods could be applied to the Cumulative Effects of Marine Shipping (CEMS) 
initiative. Table 5.3 provides an overview of the application of the evaluation methods. Under the column 
�µ�*�H�Q�H�U�L�F���$�S�S�O�L�F�D�W�L�R�Q�¶���Z�H���K�D�Y�H���G�R�F�X�P�H�Q�W�H�G���W�K�H���J�H�Q�H�U�D�O���L�Q�W�H�Q�G�H�G���X�V�H���R�I���W�K�H���P�H�W�K�R�G�����,�Q���R�U�G�H�U���W�R���S�U�R�Y�L�G�H���P�R�U�H��
concrete and relevant examples of application for Transport Canada we have included a �µSpecific example of 
how the CEMS initiative might use methods in each category�¶. These are hypothetical instances in which 
methods could be applied in the assessment of cumulative effects of shipping in Canada. Finally, the last 
column to the right provides examples of specific methods and associated tools. 
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Table 5.3. Overview of the application of the evaluated assessment methods 

Category Generic Application Specific example of how the CEMS initiative might use methods in each category Methods and associated 
Tools 

Spatial 

Stressor Map the location and intensity of marine 
shipping stressors  

Using AIS data, vessel density information can be used to identify in a spatially explicit way 
the magnitude of various stressors associated with movement underway. By connecting this 
spatially explicit data with models related to stressors, estimated stressor magnitudes can 
then be examined along with locations of VCs to identify geographical areas of concern. For 
example, underwater noise could be modeled based on the density of traffic, and that 
information can then be overlaid with information about the distribution of marine mammals.  

Tools: ArcGIS, QGIS, 
SeaSketch 

Valued 
Component 

Map the location of observations  Related to the stressor example in the row above, maps of locations of marine mammal 
observations and marine mammal critical habitat (as identified by DFO) could be overlaid 
with vessel density information to identify geographical areas of concern. This information 
can then inform where further work may be needed to monitor and/or model effects.  

Tools: ArcGIS, QGIS 

Analytical 

Valued 
Component 

Determine the spatial distribution of VCs 
of interest. 

Develop habitat suitability models so 
distributions can be predicted based on 
habitat characteristics. 

Observations on sea otters could be used to identify their home ranges during different 
times of the year and during different times in their life-cycle. This information could be used 
to inform vessel movement decisions/restrictions temporally during the most vulnerable 
periods. If data allowed or funding could be secured for monitoring, additional habitat 
information could be used to generate a habitat suitability model. This would allow 
researchers to make predictions about spatial distributions in locations without direct 
observations or under alternative future scenarios. 

Methods: Utilization 
distribution, Habitat 
Suitability Modeling 

Tools: R programming 
language, USGS HSI 
software 

Single 
Pathway 

Complete risk assessments to identify 
high priority areas or pathways where the 
exposure and consequence are high. 

The CEMS initiative could undertake risk assessments for priority VCs in each region to 
identify the stressor-VC pathways where the risk is the greatest. This would enable regions 
to focus more extensive monitoring and modeling efforts on a smaller subset of priority VCs 
which are most vulnerable to the stressors observed in each region. 

For example:  

�x In the Arctic a risk assessment could be used to determine which of the concerns 
(e.g., increased vessel traffic impacts to food security) raised by indigenous peoples 
and stakeholders are most at risk due to current or increased shipping activity.  

�x In the Bay of Fundy, risk assessment could be used to determine which species of 
concern are most at risk to oil spill events, a leading cause for concern in this region.  

Methods: Risk assessment 

Tools: EcoFate 

Single Quantify the magnitude and nature of the Quantifying the impact of movement underway on breeding bird colonies would help to Methods: Regression 
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Pathway functional relationships between stressors 
and VCs (i.e., pathways). 

inform decisions around how much is too much. In many cases the functional relationship 
between a stress and an observed response in a VC is non-linear, i.e., there may be tipping 
points. In this example, it is possible that there is a certain number of disruptions that are 
tolerated before a nest is abandoned. Once these functional relationships are quantified 
they can be incorporated into simulation models which relate alternative stressor scenarios 
to population or ecosystem level responses.  

Tools: R programming 
language 

Multiple 
Pathways 

Identify the relative importance of different 
pathways (i.e., the drivers of the system). 

A weight of evidence approach could be used to identify the pathways of greatest concern 
to beluga populations in the Saint Lawrence River. This would involve collecting the best 
available data on potential stressors (e.g., noise, collisions, oil spills, tourism, vessel 
wastewater, climate change) and beluga populations. If one or two stressors stand out, 
these can then be prioritized in future monitoring and modeling efforts. In addition, any 
information about the magnitude and nature of the functional relationship could be 
incorporated into future modeling or mitigation efforts as described in the single pathway 
example.  

Methods: Regression, 
CART, Forests, PCA, WoE 

Tools: R programming 
language 

Modeling 

Stressor  Modeling the magnitude or distribution of 
the stressor associated with a particular 
activity. 

The impact of anchoring in Northern BC could be investigated by first modeling the 
substrate disturbance �R�U�� �µ�D�Q�F�K�R�U�L�Q�J�� �I�R�R�W�S�U�L�Q�W�¶�� �I�R�U�� �L�Q�G�L�Y�L�G�X�D�O�� �E�R�D�W�V�� �X�Q�G�H�U�� �G�L�I�I�H�U�H�Q�W���F�R�Q�G�L�W�L�R�Q�V��
(e.g., tide, wind, current) and then using this to assess the current disturbance as well as 
alternative future scenarios. This information could later be overlaid with VC or habitat 
distribution information to inform the magnitude of the impact (i.e., single pathway 
assessment).  

Noise models: RAM, 
RANDI, NONM, NEMES 

Oil spills modeling: 
MOTHY, MEDSLIK, 
MEDSLIK-II, POSEIDON-
OSM, SAMSON, H3D, 
SPILLCALC 

Emissions: MEIT 

Valued 
Component 

Simulate how a stressor or multiple 
stressors can affect an ecological 
component of the environment at the 
species, habitat or ecosystem scale. 

A life cycle model for salmon could be generated to inform population viability analyses. In 
other words, various life cycle parameters (e.g., juvenile survival) could be adjusted to 
evaluate the long-term impacts on the population. This model could later be linked to 
stressor models to evaluate population level responses to alternative management 
scenarios (i.e., single or multiple pathway models). 

Method: Population 
Viability Analysis (PVA) 
 
Method/tools: ECOPATH 
with ECCOSIM (EwE), 
Atlantis 

Single 
Pathway 

Link stressors to specific components by 
simulating the process by which effects 
occur from one linkage to the next along a 
particular pathway. 

A single stressor model could be generated which describes the position and movement of 
tankers at different times of the year in order to identify areas which are effectively no-
longer available for fishing. This could then be related to a second model which describes 
theoretical fishing opportunity (i.e., spatial and temporal openings or traditional use areas). 
The combination of these two models could be used to assess current lost fishing 
opportunities and possible future scenarios under different mitigation options.   
 
Similarly, a pathway model can combine an underwater noise propagation model with a 
distribution model of sensitive cetaceans to assess the potential impacts of increased noise 

Method: linkage of single 
stressor and VC models 
 
Tools: 3MTSim model, 
Spill Impact Model 
Application Package 
(SIMAP) 
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due to marine traffic. Vessel strike models operate in a similar way, combining traffic data 
with the distribution of certain species to assess the risk of collisions. 
 

Multiple 
Pathway 

Problem-structuring frameworks that can 
be applied to any combination of stressors 
and valued components to understand the 
combined effect of multiple pathways and 
their relative importance 

Under a DPSIR or BBN framework, multiple shipping impact pathways (noise, risk of 
strikes, discharge, etc.) could be conceptualized and study to assess their relative 
importance and test various management options. 

Methods: DPSIR, BBN, 
PoE, Spatially explicit 
models 
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5.2.2 Case-studies 

We have selected relevant examples from the literature that illustrate the application of the assessment 
methods in a context relevant for Transport Canada. Table 5.4 provides a list with a short description of 
these 30 cases studies. Most case-studies use a combination of methods to achieve their objectives. This is 
not meant to be a comprehensive list but rather a list of relevant examples provided to help clarify how the 
methods could be applied in practice. 
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Table 5.4. Selected case studies relevant for the CEMS initiative 

Case 
Study 

Category Focus Title Description Short Citation 

1 Spatial VC Haida Marine Traditional 
Knowledge Study 

The Haida Marine Traditional Knowledge (HMTK) project was initiated to research and document 
Haida culture, traditions and knowledge related to the Haida Gwaii marine area (CHN 2011a). 
Interviews were conducted with individuals in the communities, most of whom were Haida elders with 
long histories of fishing and gathering as well as strong roots in Haida traditions. Interviews were 
recorded, transcribed, and the information was entered into a database. Spatially explicit information 
was mapped and digitized. Maps were created that compiled information from multiple interviewees 
about significant sites, fishing areas, and ecological features. The result was reports with a plethora of 
information about traditional harvesting areas, seasonal harvest patterns, sites of cultural and historical 
importance, and observations about species abundance and population trends. 

CHN 2011b 

2 Spatial VCs Mapping of ecological and 
socioeconomic VCs 

The Marine Plan Partnership (MaPP), a co-led process between 17 First Nations and the Government 
of the Province of British Columbia, created the MaPP Marine Plan Portal to support discussions and 
decisions related to marine planning on the coast of British Columbia. Data was compiled related to 
ecological and socioeconomic activities/stressors and VCs (e.g., species populations, habitats, human 
activities, etc), and mapped in a way that allows for overlaying activities/stressors and VCs to 
understand areas of overlap. The MaPP Marine Plan Portal is further discussed in Section 6.3.2. 

MaPP 2019 

3 Analytical VC First Nations monitoring of 
cultural sites on the coast of 
British Columbia 

Coastal First Nations in British Columbia participate in a Regional Monitoring System (RMS) in order to 
systematically collect data of interest to the Nations across the broader region. As part of the RMS, the 
Nations have developed monitoring protocols, one of which is for documenting the condition of and 
changes to cultural sites. The methods for assessing cultural sites are aimed at documenting the 
location and characteristics of the site, impacts that occur to the site across time, and threats to the 
site. Methods are consistent with those developed by the Province of British Columbia for inventory of 
archeological sites, and allow for qualitative and quantitative measurements of condition and change. 

Hoshizaki 2016 
BC Archeology 
Branch 2015 
BC 2000 

4 Spatial / 
Analytical 

Pathways Cumulative Impact Mapping in 
�&�D�Q�D�G�D�¶�V���3�D�F�L�I�L�F���:�D�W�H�U�V 

This study was undertaken to advance the understanding of multiple stressors along British 
�&�R�O�X�P�E�L�D�¶�V�� �F�R�D�V�W�O�L�Q�H���� �(xisting regional human use data that was used included locations and 
intensities of human activities, types of stressors resulting from the activities, relative impact of 
activities on habitats, and distances the effects occur over. In addition, expert judgement was used to 
estimate vulnerability scores that allowed for linking the level of impact from stressors to specific 
habitat types. Using methods from Halpern et al. (2008), a cumulative impact score was produced for 
three habitat classes (benthos, shallow pelagic, and deep pelagic) as well as a combined score. The 
authors discussed how cumulative impact maps can be used to prioritize areas for protection or 
restoration and inform potential management interventions.  

Ban et al. 
(2010) 

5 Spatial / 
Analytical 

VC Summer core range for Southern 
Resident Killer Whales 

This study uses observations of Southern Resident Killer Whales from the British Columbia Cetacean 
Sightings Network to estimate the summer core range using a non-parametric approach known as 
kernel density estimation (Worton 1989). They then overlay information from a regional noise model on 
top of the summer core area to identify where exposure to noise is greatest. 
 

Cominelli et al. 
2018 
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Case 
Study 

Category Focus Title Description Short Citation 

6 Spatial / 
Analytical 

VC Habitat suitability model for 
salmon in the Salish Sea 

The Pacific Salmon Foundation is in the process of developing a habitat suitability model for salmon in 
the Salish Sea. 

Villy 
Christensen, 
pers. comm. 

7 Analytical VC USGS Habitat suitability index 
software  

USGS provides canned Habitat Suitability Index (HSI) software to compute HSI values for selected 
species from field measurements of habitat variables. They have published HSI values for numerous 
species.  

https://pubs.er.
usgs.gov/public
ation 

8 Spatial / 
Analytical 
/ Modeling 

Pathways Risk assessment of VCs to PCBs 
in the San Francisco Bay 

The San Francisco Bay Food-Web Bioaccumulation Model for PCBs calculates the spatial distribution 
of polychlorinated biphenyls (PCBs) concentrations within a number of organisms (fish, mammals, 
birds, and invertebrates) that inhabit the San Francisco Bay. The results of this model can then be 
compared to threshold concentrations to establish instances of exceedance, and determine the 
associated exposure risk faced by VCs, and the bioaccumulation-related health risks humans and 
other species at higher trophic levels may face. 

Gobas et al. 
2010 

9 Analytical 
/ Modeling 

Pathways Risk assessment tool to evaluate 
exposure of VCs to air pollution 

The European Union System for the Evaluation of Substances (EUSUS) is a computer-based 
ecological risk assessment program that carries out air pollution assessments in a systematic way. It 
first performs an exposure assessment based on estimates of concentrations that may impact valued 
components, including models that account for the properties of the emitted substance, its distribution, 
and the direct exposure of valued components to it. Second, it performs an effects assessment 
comprised of hazard identification and the relationship between the dose of the substance and the 
severity of its impact on the VCs. Finally, it characterizes the risk based on the outputs from the model-
based steps 1 and 2. 

Manuilova 2003 

10 Spatial / 
Analytical 

Pathways GIS-based risk assessment 
applied to marine ecosystems 

The Plan4Blue project (SYKE Finnish Environmental Institute) utilizes a GIS-based risk assessment 
method that cumulatively assesses risk given the distribution and sensitivity of VCs, and the 
distribution of anthropogenic pressures. The objective of the project is to identify best practices for the 
sustainable use of marine ecosystems and resources. 

Herkul et al. 
2017 

11 Analytical 
/ Modeling 

Pathways EcoFate, a computer-based 
software tool for ecosystem-
based risk assessment of 
chemical emissions on aquatic 
ecosystem 

EcoFate is a computer-based software that integrates an ecosystem-based risk assessment of 
chemical emissions into a cumulative effects framework. The software can simulate point, and non-
point source emissions in freshwater and marine ecosystems (including lakes, rivers, and inlets). It 
assesses the impact of a specified concentration of pollutants on the whole aquatic ecosystem (water, 
sediment, and biota), based �R�Q���W�K�D�W���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�¶�V���H�[�F�H�H�G�D�Q�F�H���R�I���D���V�H�W���R�I���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���F�U�L�W�H�U�L�D�����7�K�H��
model also considers food-web bioaccumulation, human health risks, and can be run using time-
dependent and steady-state scenarios.  

Gobas et al. 
1998 

12 Analytical Pathways Regression analysis and Weight 
of Evidence approach to evaluate 
effect of a variety of stressors on 
sockeye 

The Cohen Commission Enquiry into the decline of Fraser River sockeye used a multiple regression 
analysis to relate each of 13 different stressors to different life-stages of sockeye. A series of plausible 
models were generated a-priori to evaluate alternative functional relationships and potential interaction 
effects. The regression analysis was used within a larger weight of evidence approach to evaluate the 
likelihood that each of the stressors was responsible for the decline. 

Marmorek et al. 
2011 
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Case 
Study 

Category Focus Title Description Short Citation 

13 Analytical Pathways Random forest algorithm to 
identify dominant stressors on 
fish in European estuaries 

Teichert et al (2016) used a random forest algorithm to evaluate the influence of multiple stressors on 
fish ecological quality in European estuaries. The approach enabled them to identify the dominant 
stressors in the estuaries as well as investigate the nature of the relationships (e.g., additive, 
synergistic, or antagonistic).  

Teichert et al 
(2016) 

14 Analytical Pathways Weight of Evidence approach to 
evaluate impacts of Run-of-River 
hydroelectric projects on 
salmonids 

The Pacific Salmon Foundation used a weight of evidence approach to evaluate Run-of-River 
Hydroelectric Projects and their Impacts on Salmonid Species in British Columbia. 

Connors et al. 
2014 

15 Analytical/
Modeling  

Pathways Impact of marine vessel traffic on 
access to fishing opportunities 

AIS data on marine vessel traffic was analyzed to quantify the location and size of areas which were 
no longer available for fishing due to vessel traffic at different times of the year. This was then 
compared to fishery openings (defined by space and time) within the traditional territory of the 
Musqueam First Nation. Regression analysis was used to quantify the magnitude of the impacts to 
Musqueam fishing opportunities for salmon, crab, and prawn. Quantification of these relationships 
allowed the authors to both characterize the current condition of impacts and evaluate potential 
impacts under alternative development scenarios. The analysis also allowed the authors to assess the 
relative impacts associated with different types of vessels. This improved knowledge of the historical, 
current, and potential future conditions is critical to enabling the Musqueam to make informed 
decisions about future activities.  

Nelitz et al. 
2018 

16 Modeling Stressor Cumulative underwater noise This study used a cumulative noise modeling procedure to determine the contribution of vessel noise 
to the ambient sound level distribution in the Salish Sea. Modeled (using the MONM model developed 
as part of the NEMES project) sound levels were calculated to evaluate the sound exposure of 
Southern Resident Killer Whales (SRKW) and other marine fauna in the Salish Sea. 

�2�¶�1�H�L�O�� �H�W�� �D�O����
2017 

17 Modeling Stressor Assessing and mapping 
underwater noise impacts 

This case study presents a probabilistic model and mapping framework (RANDAM) which integrates 
the intrinsic variability and uncertainties of shipping noise and its effects on marine habitats. It was 
applied to assess the effects of changes in the soundscape on Arctic marine habitats 

Aulanier et al. 
2017 

18 Modeling Stressor Impacts from cumulative 
underwater noise on killer whales 

Based on a simple sound transmission model and ship track data (AIS), this study evaluated the 
cumulative underwater acoustic energy from shipping in the west Canadian Exclusive Economic Zone, 
showing high noise levels in critical habitats for endangered resident killer whales. 

Erbe et al. 2012 

19 Modeling Stressor Assessing substrate disturbance 
from anchoring 

Using AIS data, this study attempted to evaluate the impact of anchoring off the coast of New South 
Wales (Australia) by analyzing the footprints in form of arcs left by long-term anchoring activity on the 
seafloor 

Davis et al. 
2016 

20 Modeling VC  
(single 
species) 

Understanding cumulative effects 
at the population level for South 
Killer Whales 

This paper describes a population viability analysis of resident South Killer Whales in the western 
Pacific to explore possible demographic trajectories and the relative importance of anthropogenic 
stressors. 
 

Lacy et al. 2017 

21 Modeling VC 
(ecosystem) 

Effects of substrate disturbance 
on benthic communities 

Raoux et al. (2017) applied Ecopath to assess the impacts of wind farm development on the trophic 
structure of the benthic community; a pathway that could be appropriate to assess the effects of 

Raoux et al. 
2017 
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Case 
Study 

Category Focus Title Description Short Citation 

anchorage or wreckage. 

22 Modeling VC 
(ecosystem) 

Impacts of underwater noise at 
the ecosystem level 

This study used a spatially explicit model (EwE/Ecospace) to simulate the impacts of underwater noise 
from shipping on predation behavior of harbor porpoises and to evaluate how these effects can 
manifest in their biomass and trophic interactions with other species in the community. 

Harvey 2018 

23 Modeling Single 
pathway 

Predicting impacts of vessel 
strikes for whales in the Pacific 

Spatially-explicit model that combines spatial information on species abundance with shipping data 
(using AIS or other marine traffic data sets) to estimate the relative probability of whale-vessel 
encounter using generalized additive models (GAMs). 

Williams and 
�2�¶�+�D�U�D���������� 

24 Modeling Single 
pathway 

Assessing the risk of ship strikes 
in the Saint Lawrence estuary 

The 3MTSim is a socio-ecological model, developed for the Saint Lawrence estuary (Chion et al. 
2017), that simulates the movements of individual boats (2D) and marine mammals (3D). The main 
application of this model is to evaluate how alternative traffic management scenarios can impact the 
marine mammals and shipping activities in the area 

Chion et al. 
2017 

25 Modeling Single 
pathway 

Evaluating the impacts of oil spill 
across functional species groups 

This study applied the Spill Impact Model Application Package (SIMAP) modeling tool - a coupled oil 
fate and effects model has been developed for the estimation of impacts to habitats, wildlife, and 
aquatic organisms resulting from acute exposure to spilled oil - to the Exxon Valdez case study.  

French-McCay 
2004 

26 Modeling Multiple 
Pathways 

Identifying relative importance of 
pathways using PoE 

Stephenson and Hartwig (2009) used a Pathways of Effects model to determine what activities might 
have a potentially negative effect in the marine ecosystems of the Beaufort Sea in the Yukon North 
Slope. 

Stephenson 
and Hartwig 
2009 

27 Modeling Multiple 
Pathways 

Assessing multiple pathways 
using a conceptual and 
probabilistic model based on 
expert opinion 

This framework combines the development of conceptual models with the application of Bayesian 
Belief Networks to describe the linkages between environmental drivers, human activities and resulting 
pressures on ecosystem values for two key marine ecosystems in the Australian Great Barrier Reef 
World Heritage Area: coral reefs and seagrasses. 

Anthony et al. 
2013 

28 Modeling Multiple 
Pathways 

Modeling impacts on marine 
ecosystem services 

Kelble et al. (2013) applied a Driver, Pressure, State, Ecosystem service, and Response (EBM-
DPSER) conceptual model to the Florida Keys and Dry Tortugas marine ecosystem as a case study to 
illustrate how it can inform management decisions. 

Kelble et al. 
2013 

29 Modeling Multiple 
Pathways 

Using Bayesian Belief Networks 
to assess multiple pathways 

Ban et al. (2014) applied a Bayesian Belief Networks method to study the effects of multiple stressors, 
and multiple water management alternatives, to coral reefs in the Australian Great Barrier Reef. 

Ban et al. 2014 

30 Modeling Multiple 
Pathways 

A Bayesian Belief Network�±GIS 
framework as a practical tool to 
support marine planning 

Stelzenmüller et al. (2010) combined a BBNs method and Geographical Information Systems (GIS) to  
visualise  relationships  between  cumulative  human  pressures,  sensitive  marine  landscapes  and  
landscape  vulnerability,  to  assess  the  consequences  of  potential  marine  planning  objectives,  
and  to  map  uncertainty-related changes  in  management  measure. 

Stelzenmüller 
et al. 2010 

 

 



ESSA Technologies Ltd. 

 

 
8 4  |  P a g e  

 

6 Supporting methods 
 

6.1 Indigenous Knowledge 

6.1.1 Overview 

Indigenous knowledge (IK) is derived from a multitude of experiences and traditions that are passed down 
orally or by shared practical experiences of people who have lived within and as part of the natural 
environment for hundreds or thousands of years (Burkes 2000; Huntington 2000; Houde, 2007). 
Indigenous knowledge includes the inextricably interconnected culture, spirituality, traditions, and ecology 
of a group of people and their landscape, as it is embedded within a larger socio-cultural context and 
traditional worldview (Berkes 2000) (Figure 6.1).  

 

 

Figure 6.1. Indigenous knowledge is nested within indigenous management systems, social institutions, 
and world views (Berkes 2000). 

 

One key strength of IK is its ability to complement science-based empirical observations and analyses, 
like model simulations, and extend the spatial and temporal scope of data (Ban et al. 2017). Some 
caveats, however, include recognizing limitations of human memory, which for example may be biased 
toward extreme events, and shifting of knowledge baselines that occur over time as some information 
gets passed down through the generations and other knowledge is forgotten (Daw 2010, Ban et al. 2017). 

Realizing the benefits of IK involves recognizing what is known, which often involves documenting IK 
through, for example, a series of engagement interviews or workshops where knowledge holders share 
stories, describe their experiences and observations, and provide information about why they observe 
specific phenomena (e.g., they see whales in a particular location because that is where they feed) 
(Huntington 2000). This is followed by a validation phase, where knowledge holders review documented 
information and ensure it accurately reflects their knowledge. Then as information is used in management 



Evaluation of Cumulative Effects Assessment Methodologies for Marine Shipping 

Phase 2: Draft Final Report 

 
8 5 |  P a g e  

 

and planning processes, the processes involve the knowledge holders to ensure that information is used 
within the proper context. 

Methods of documenting indigenous knowledge include conducting structured or semi-structured 
interviews, and allowing individuals to self-select through responses to flyers and workshops (Ban et al. 
2017). Indigenous knowledge can be both qualitative (e.g., information about why a species prefers a 
specific habitat) or quantitative (e.g., specific habitat locations on a map). It can also be both empirical 
(i.e., direct observations or experiences) or inference-based (i.e., conclusions based on reasoning). For 
example, empirical information could be identified locations from an individual who observed a particular 
marine mammal species in specific places. Inferences, by contrast, would be information about where the 
marine mammal species might exist based on the knowledge of an individual who is familiar with the 
conditions and habitats the species prefers and the conditions and habitats that exist within the area. 

6.1.2 Relevance for the CEMS initiative 

Coastal indigenous �F�R�P�P�X�Q�L�W�L�H�V���K�D�Y�H���O�L�Y�H�G���D�O�R�Q�J���&�D�Q�D�G�D�¶�V���V�K�R�U�H�V���V�L�Q�F�H���W�L�P�H���L�P�P�H�P�R�U�L�D�O�����2�Y�H�U���W�K�L�V���O�R�Q�J��
period of time, they have acquired a rich historical knowledge about the places in which they have been a 
part, and developed locally-relevant marine resource management practices (Ban et al. 2017). This 
indigenous knowledge held by individuals within coastal communities includes a wealth of information that 
can be useful for better understanding the dynamics of complex socio-ecological systems, provide 
insights the connections between traditional management practices and cultural beliefs, inform marine 
management decisions, and support resilience in the face of changing ecosystems. Where contemporary 
ecological data may be spatially and temporally limited, the integration of IK can be complimentary by 
extenuating the scope of information (Ban et al. 2017). For example, the type and magnitude of 
recreational boating in an area may not be something for which there has been data collection, but could 
be something for which indigenous knowledge holders could provide insight. 

One application of indigenous knowledge is within a Bayesian Belief Network (BBN). BBNs allow for 
integrating indigenous and expert knowledge with field-based data to determine predictions about system 
behavior (Ban et al. 2014). Within BBNs, priors can be informed by indigenous and expert knowledge 
which allows for more informed results than using field-based data alone. 

 

6.1.2.1 Case Study 

Ban et al. (2017) used indigenous ecological knowledge to augment food, social, and ceremonial (FSC) 
fisheries data on Dungeons Crab in order to establish probabilities of successful harvest for First Nations 
in the central coast marine region of British Columbia. They conducted semi-structured interviews and 
self-selected participant interviews with Indigenous fishers to identify local-scale crab abundances at nine 
fishing sites. Their interviews gathered qualitative and quantitative information on crab abundances over 
�W�K�H���I�L�V�K�H�U�V�¶���O�L�I�H�W�L�P�H�����S�D�V�W���D�Q�G���U�H�F�H�Q�W�����W�R���H�V�W�D�E�O�L�V�K���W�U�H�Q�G�V���L�Q���Frab abundances over several years (based on 
the ages of those interviewed). Participants were also asked to define the catch rate which would 
represent a productive FSC fishing trip. 

Probabilities of a successful FSC crab-fishing trip were simulated using a computer model given current 
local abundances (derived from a 2014-2015 spatial experiment), and participant-defined thresholds of 
what constitutes a successful fishing endeavour. 

Empirical data collection may occur primarily at spatial scales that are too extensive to provide 
implications for local communities (Ban et al. 2017). Through their approach, Ban et al. (2017) 
demonstrated that local-scale indigenous knowledge can be used to expand the spatial and temporal 
scale of information available for fisheries management.  
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6.2 Expert Elicitation 

6.2.1 Overview 

In the absence of empirical evidence on how different ecosystems respond to multiple stressors, marine 
managers have looked to the use of expert elicitation methods in order to estimate both the absolute 
and/or relative impacts of stressors on Valued Components (VCs). In doing so, approaches have used 
expert elicitation to identify components important for inclusion in assessment, including what human 
activities should be included, what stressors result from which activities, and what components of the 
socio-ecological system are important to include. Expert elicitation has also been used to quantify the 
relationship between the different components within the system. For example, the cumulative impact 
mapping approach developed by Halpern et al. (2008) involves eliciting expert judgement to estimate 
ecosystem-specific levels of impact for multiple anthropogenic drivers of ecological change.  

The use of expert elicitation allows for identifying key knowledge gaps (e.g., where priority VCs have 
limited data), comparing estimates of impacts across different stressors and VCs, and prioritizing areas 
where management efforts should be focused.  

Methods of documenting expert knowledge include hosting workshops, conducting interviews, and 
performing surveys (Longhurst 2003, Halpern 2007). As with indigenous knowledge, data gathered 
through expert elicitation can be qualitative, empirical, or inference. 

6.2.2 Relevance for the CEMS initiative 

Cumulative effects assessments require data related to multiple human activities and how they relate to 
the multiple components within the system. With these multiple dataset requirements assessments 
frequently encounter the issue of data availability and paucity. Expert knowledge derived from elicitation 
can supplement temporally-restricted data by providing a proxy for long-term field data (Singh et al. 
2017).  

In the absence of data collected from scientific studies or indigenous knowledge, expert knowledge has 
been used to identify important elements in a socio-ecological system and estimate how they are related. 
Because cumulative effects assessments inherently involve examining multiple stressors and multiple 
valued components, there are often large data needs, and associated data gaps, which lead to reliance 
on expert knowledge. 

  

6.2.2.1 Case Study 

An expert elicitation procedure has been applied to understand the impact of human activities on marine 
ecosystem services (Singh et al. 2017) in the coastal areas of Tasman and Golden Bays (New Zealand). 
Through an iterative interview procedure, experts on each of the ecosystem services under analysis were 
asked to derive impact scores and pathways for each designated activity or stressor, characterizing 
�X�Q�F�H�U�W�D�L�Q�W�\���S�D�U�D�P�H�W�H�U�V���I�R�U���H�D�F�K���U�H�V�X�O�W�L�Q�J���µ�L�P�S�D�F�W���S�U�R�I�L�O�H�V�¶���� 

One of the outcomes of this analysis was the mapping of the mechanistic pathways by which drivers and 
stressors impact ecosystem services. The information provided by experts through interviews was 
organized in the following way to create the pathways: �'�U�L�Y�H�U�� �:�� �6�W�U�H�V�V�R�U�� �:�� �,�P�S�D�F�W�� �R�Q�� �(�F�R�V�\�V�W�H�P��
Service. Impact profiles and pathways were then combined to calculate cumulative effects and develop 
networks of causal impact pathways. 
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This study used a �³�Z�H�L�J�K�W�� �R�I�� �H�[�S�H�U�W�L�V�H�´ approach by which the number of experts describing a specific 
pathway was recorded, as well as the number of times a specific link was mentioned. This quantitative 
�L�Q�I�R�U�P�D�W�L�R�Q�� �L�Q�I�R�U�P�H�G�� �W�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �µ�K�L�Y�H�¶�� �G�L�D�J�U�D�P�V�� ��Figure 6.2) which organize the cause-effect 
networks along axes (i.e., human activities, stressors or ecosystem services). 

 

 

Figure 6.2: Example of hive diagrams representing networks of pathways of impact from a) climate change 
and b) commercial fishing commercial fishing. These plots show drivers of impact (top axis) 
leading to various stressors (lower right axis, connected with orange lines) and impacting 
ecosystem services (lower left axis, connected with blue lines). The thickness of each line 
represents how many experts mentioned each link. The nodes along each axis are organized by 
ranking the nodes with the highest number of linkages to the lowest (highest number of links on 
the outside). Source: Singh et al. 2017 

 

This approach for cumulative effects assessment links causes and consequences and makes a 
distinction between direct and indirect effects. It investigates all pathways and can assist in determining 
which are the most prominent drivers or pathways. This is especially important to guide management and 
monitoring efforts. The fact that effects are not quantified, and the assessment is not spatially explicit are 
the main shortcomings of this approach. 

 

6.3 Decision Support Tools 

6.3.1 Overview 

Decision support tools are computer-based models that assist the user in identifying and reaching 
management decisions by evaluating alternative scenarios or trade-offs. They can be spatially-explicit, 
incorporate data from ecological, economic, and social systems, and assess progress towards reaching 
management goals (Center for Ocean Solutions 2011). Commonly, DSTs can be implemented at a 
number of stages within the overall framework, and particularly at these steps: alternative scenario 
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development, alternative scenario evaluation, evaluation of management objectives, and during the 
refinement stage for these objectives.  

6.3.2 Relevance for the CEMS initiative 

Decision support tools (DSTs) can support the assessment of cumulative effects of marine shipping in 
various ways; including combining and visualizing multiple data sets, assessing the impacts of marine 
traffic on ecosystems services, etc. This section highlights some of these tools developed for marine 
contexts.  

Many DSTs have been developed for the marine environment that aid decision-makers in utilizing the 
results from cumulative effects analyses in a systematic way, such that conclusions about the optimal 
path toward reaching management objectives can be discerned. Several of these tools are web-based, 
allowing people to quickly view, share and conduct new analyses. They can be spatially-explicit, and 
incorporate data from ecological, economic, and social systems. DSTs that may be of interest to the 
CEMS initiative include ATLANTIS, SeaSketch, Marxan, and Cumulative Impacts, MIMES, and Coastal 
Resilience. Most of these DSTs have been developed specifically for addressing cumulative effects 
analyses and management in the marine environment (ATLANTIS, SeaSketch, Marxan, and Cumulative 
Impacts). Others, like MIMES, ARIES, and Coastal Resilience, may be applicable to marine ecosystems, 
even if they are not explicitly designed for such areas. For example, MIMES can apply broadly to any 
ecosystem of interest, including to marine ecosystems as long as there is established knowledge about 
the ways in which marine shipping impacts the provision of ecosystem services to communities. 

The advantages and weaknesses of the various DSTs depend on the data available to the user, the 
scope of work being undertaken, and the complexity of the model being used. Some DSTs require 
minimal technical expertise, while others are geared towards expert users. Figure 6.3 provides an 
overview of some of the DST tools mentioned, and their ease of use. 

 

 

Figure 6.3. Expertise required for use of various decision support tools. Figure taken from Center for Ocean 
Solutions (2011)). 

 

The Multi-scale Integrated Models of Ecosystem Services tool (MI MES), developed by AFORDable 
Futures, is a GIS-based model that valuates ecosystem services and quantifies the flow of benefits to 
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communities who are provisioned by those services. Once ecosystem services have been valuated, it is 
then possible to quantify the extent to which adverse impacts to the ecosystem, such as land and sea-use 
changes, will culminate in impacts to the community, in a trade-off style analysis. MIMES can be applied 
to ecosystems at any scale between local and global. 

Marxan with Zones , developed by The Ecology Centre (University of Queensland), is a popular DST, 
and an extension of the widely-used Marxan software. The main use of the tool is for identifying priority 
marine conservation areas from a suite of potential sites and meeting user-defined biodiversity targets 
based on multiple ecological, social, and economic values, and at the lowest possible cost (Game and 
�*�U�D�Q�W�K�D�P���������������� �,�W���G�R�H�V���V�R���E�\�� �D�V�V�H�V�V�L�Q�J���³�U�H�V�H�U�Y�H���G�H�V�L�J�Q�´���S�U�R�E�O�H�P�V���Y�L�D���H�[�D�F�W���D�O�J�R�U�L�W�K�P�V���D�Q�G���Q�R�Q-exact 
algorithms (heuristics) to produce optimal and near-optimal solutions. The Marxan with Zones extends the 
analysis by allowing for various levels of protection to be allocated to identified conservation areas (Watts 
et al. 2008). 

SeaSketch is a participatory, web-based marine mapping tool that allows users to generate, share, and 
discuss several spatially-explicit alternative management plans or conservation zones. The tool has the 
ability to integrate other decision support tools such as Marxan analyses and Cumulative Impacts models 
(Section 4.2) so that the spatial distribution of priority areas can be assessed with regard to cumulative 
effects. Feedback reports generated from maps of user-defined zones of interest provide information on 
protected habitats, socio-cultural and economic cost-benefit analyses, and more (www.SeaSketch.org). 

The ATLANTIS ecosystem model , developed by Commonwealth Scientific and Industrial Research 
Organization (CSIRO), is a sophisticated simulation model that can assess different environmental 
scenarios such as climate change, human impacts, land use changes, pollution distributions, and the 
effects of wind and wave farms on marine ecosystems (Kaplan et al. 2014). It uses spatially-explicit 
information on physical, chemical, biological, and socio-economic data to simulate food-web 
relationships, hydrographic processes, habitat interactions, and more. It is intended to be used as a long-
term decision-making tool (Center for Ocean Solutions 2011). 

The Mauri Model  is a decision-making tool that quantitatively assesses the impact of stressors on four 
�G�L�P�H�Q�V�L�R�Q�V���R�I���µ�P�D�X�U�L�¶�����R�U�����D�Q���H�Q�W�L�W�\�¶�V inherent value. The model has been developed under the belief that 
decisions regarding the value of an entity are not sustainable if only economic valuation is considered. 
Instead, it assigns values based on a combination of ecosystem, community, cultural, and economic 
mauri (Peacock et al. 2012). These categories may be equally weighted or allow for a redistribution of 
weight depending on the perspectives or biases of the stakeholders. The model is capable of addressing 
some of the typical issues identified in CEAs such as comparison of indicators in the absence of complete 
datasets and can be implemented to assess current and future scenarios. 

Other examples of decision support tools of relevance for the marine environment include: 

�x The Coastal Resilience  DST is another web-based mapping tool, developed by The Nature 
Conservancy. It provides users with spatially-explicit information on coastal ecosystems, socio-
economic considerations, and community vulnerabilities for current and future scenarios (Centre 
for Ocean Solutions 2011). 

�x Artificial Intelligence for Ecosystem Services (ARIES)  is a tool that maps and quantifies 
environmental assets, as well as impacts to these assets arising from climate change, or land 
use/cover changes (Center for Ocean Solutions 2011). Ecosystem service flows and pathways 
are spatially and temporally modeled, which enables users to identify critical intersections 
between pathways. The model works by using a suite of approaches including Bayesian networks 
(Section 5.4), machine learning, and pattern recognition (Center for Ocean Solutions 2011). 

�x InVEST, developed by the Natural Capital Project, is a set of open-source, GIS-based models 
that map the value of ecosystem services, and performs a trade-off analysis to evaluate how 

http://www.seasketch.org/
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proposed developments might impact the ecosystem and alter the flow of ecosystem-derived 
values. Outputs from this tool are provided in biophysical or economic terms. 

 

6.3.2.1 Case Study 

The Marine Plan Partnership for the North Pacific Coast (MaPP) is a project aimed at developing and 
implementing marine use plans for the North Coast of Canada, through collaborative work between 18 
First Nations and the Government of British Columbia (www.mappocean.org, Marine Plan Partnership 
Initiative 2015). The goal is to provide recommendations for achieving healthy ecosystems, socio-cultural 
wellbeing, and economic development using a marine ecosystem-based management (EBM) framework 
(Marine Plan Partnership Initiative 2015). 

MaPP uses the SeaSketch decision support tool by first integrating a Marxan analysis to inform the 
placement of areas of high conservation value within the maps generated through SeaSketch 
(www.seasketch.org�������7�K�H���U�H�V�X�O�W�L�Q�J���³�P�D�U�L�Q�H���S�O�D�Q�Q�L�Q�J���S�R�U�W�D�O�´���Z�D�V���X�V�H�G���W�R���D�V�V�H�V�V���P�X�O�W�L�S�O�H���O�D�\�H�U�V���R�I���G�D�W�D���W�R��
provide a holistic view of planning options, given valued components such as species, habitats, First 
Nations cultural sites, and more (www.coastalfirstnations.ca). 

Using data assembled from literature reviews, workshops, and expert elicitation, Marxan was run offline 
for over 170 spatially-explicit datasets of relevant ecological information to produce maps which provide 
solutions to the identified management problem. The results were uploaded to the web-based SeaSketch 
tool. Users of the online SeaSketch tool were then able to establish and prioritize candidate conservation 
areas based on the level of protection, assigned through the Marxan analysis, of the underlying layers 
Marxan. The output of this integration is both a map of priority-ranked conservation areas, and 
quantitative scores for user-defined zones, based on the level of protection assigned to the areas. 

http://www.mappocean.org/
http://www.seasketch.org/
http://www.coastalfirstnations.ca/
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Figure 6.4. Example output from the "Marine Planning Portal" showing both the SeaSketch map, and the 
integrated Marxan analysis report. Image taken from https://www.seasketch.org/case-
studies/2013/04/05/mapp.html. 

 

Because the marine planning portal decision support tool is web-based, outputs are shareable, allowing 
for real-time collaboration and discussions between stakeholders (www.SeaSketch.org). 

 

 

 

https://www.seasketch.org/case-studies/2013/04/05/mapp.html
https://www.seasketch.org/case-studies/2013/04/05/mapp.html
http://www.seasketch.org/
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7 Organizing methods: CEA Frameworks 
 

7.1 Overview 

Frameworks bring together the various spatial, analytical, and modeling strategies discussed throughout 
this report, and assemble them in a way to address the objectives of a given initiative (see Figure 7.1). 
The CEA framework for the CEMS initiative should help to clarify which tools to use, when, and at what 
stage of the analysis. While analysis of potentially useful frameworks is technically beyond scope of the 
project, it is helpful to think about how the methods discussed in this report may be used in combination. 
Some examples of frameworks which could be incorporated into the cumulative effects analysis (CEA) 
include scenario analysis, management strategy evaluation, and risk assessment (Rebecca Martone 
pers. comm).  

 

Figure 7.1. A conceptual diagram, highlighting how a framework can help organize how we assemble 
information, assess information, and use information to arrive at management decisions. 
Cumulative effects frameworks encompass all of these steps, and more. Note it is implied that 
���•�†�‹�‰�‡�•�‘�—�•���•�•�‘�™�Ž�‡�†�‰�‡���‹�•���‹�•�…�Ž�—�†�‡�†���—�•�†�‡�”���–�Š�‡���ò�‡�•�’�‹�”�‹�…�ƒ�Ž���†�ƒ�–�ƒ���…�‘�Ž�Ž�‡�…�–�‹�‘�•�ó���•�‡�–�Š�‘�†�ä 

 

Scenario analysis  is a process that identifies and analyses several potential future outcomes, rather 
than identifying a single, precise future outcome. It utilizes one set of assumptions to arrive at multiple 
alternative scenarios (Hassani 2016). Scenario analysis is incorporated in assessment Step 3 (Figure 
1.2). Management strategy evaluation  (MSE) assesses the effectiveness of different combinations of 
data collection approaches, analysis methods, and processing in achieving desired management goals 
(Punt et al., 2014). Decision support tools (DSTs) may be of use when evaluating management strategies 
(Figure 7.1). This approach is useful in determining which management strategy, from a set of candidate 
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strategies, best meets the established objectives. This concept becomes relevant as Transport Canada 
moves into phase 4 of the initiative and starts to consider explicit linkages to management levers.  

The following subsections outline several examples of frameworks that may be considered in 
development of a framework for the CEMS initiative. The first �W�Z�R�� �H�[�D�P�S�O�H�V���� �W�K�H�� �³EU Marine Strategy 
Directive�´���D�Q�G���W�K�H���³�%�&���&�X�P�X�O�D�W�L�Y�H���(�I�I�H�F�W�V���)�U�D�P�H�Z�R�U�N�´�����P�D�\���S�U�R�Y�L�G�H���X�V�H�I�X�O���W�H�P�S�O�D�W�H�V�������7�K�H���W�K�L�U�G���H�[�D�P�S�O�H����
�³�U�L�V�N���D�V�V�H�V�V�P�H�Q�W�´���L�V���D���J�H�Q�H�U�L�F���I�U�D�P�H�Z�R�U�N�� 

7.2 Examples of CEA frameworks 

7.2.1 EU Marine Strategy Directive 

The Marine Strategy Directive outlines a framework, called The Marine Strategy Framework, which seeks 
to protect, preserve, and restore marine environments under the jurisdiction of the European Union 
(European Commission 2010). The Directive (2008) defines the objectives and approaches by which the 
framework operates including consultation, monitoring, program of measures, and reporting (European 
Parliament 2008)���� �$�� �V�H�U�L�H�V�� �R�I�� �G�H�V�F�U�L�S�W�R�U�V�� �R�I�� �³�J�R�R�G�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �V�W�D�W�X�V�´�� �I�R�U�� �P�D�U�L�Q�H�� �H�F�R�V�\�V�W�H�P�V�� �L�V��
provided, with broadly applicable indicators such as species distribution and population size, outlined. 
The framework directly addresses cumulative effects within Article 8 (Assessment). Provided below is an 
overview of the framework, broken into its constituent chapters, and with emphasis placed on specific 
Articles of relevance to this project: 

Chapter 1: General Provisions ( Articles 1-7 ) 

Articles 1-4 within this chapter focus on collecting data, defining the scope, and identifying the 
regions of study. Articles 5-7 set out to develop regional marine strategies, garner regional 
cooperation, and designate regional authorities to oversee progress. Article 5 is particularly useful, 
as it aims to delineate the overall strategy of the initiative, including environmental assessment, the 
establishment of environmental targets, implementation of the program, and the establishment of a 
program of measures to ensure objectives are met. 

Chapter 2: Marine Strategies: Preparation ( Articles 8-12 ) 

This chapter deals with assessment, defining healthy environments, and establishing targets for 
environmental condition. Of note is Article 8 which is aimed at assessing the relevant marine 
regions and performing cumulative effects assessments to identify predominant stressors. Article 
10, in which environmental targets associated with identified indicators are established, is also of 
relevance. Article 11 focuses on the establishment of monitoring programs to facilitate the ongoing 
assessment of the environmental status of the marine areas of study. 

Chapter 3: Marine Strategies: Programmes of Measures ( Articles 13- 16) 

This chapter identifies regional programs of measures to ensure environmental objectives are being 
met (Article 13), identifies scenarios in which exceptions to management objectives may be made, 
including time constraints (Article 14), establishes recommended community actions for each region 
(Article 15), and outlines the need for governing bodies to assess whether the framework meets the 
requirements of the Directive (Article 16). 

Chapter 4: Updating, Reports and Public Information ( Articles 17- 23) 

This chapter describes keeping strategies up to date, writing interim reports, allowing public 
consultation periods, the role of communities financing the marine strategies, and the need for a 
review of the Directive by 2023). 
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Chapter 5: Final Provisions ( Articles 24- 28) 

Chapter 5 outlines the logistical considerations to be made by relevant governing bodies regarding 
the Directive and the objectives therein. 

The focus of the framework on the marine environment, and at the regional and community scale is of 
direct relevance to CEMS initiative. However, its strength lies in its broad applicability beyond its intended 
scope (Roland Cormier, pers. comm.). 

7.2.2 BC Cumulative Effects Framework 

The province of British Columbia developed a robust cumulative effects framework to address the issue 
of sustainable resource management through assessment of the activities and natural processes that 
may result in potential consequences to economic, social, and environmental values (Government of 
British Columbia 2017). The framework organizes identified ecological values into three tiers (general 
provisions, cumulative effects assessment, and cumulative effects management), ranging in scale from 
coarse values (such as entire ecosystems) to fine values (like specific species of concern). An associated 
policy document describes the four-step process the framework operates under; (1) the development of 
assessment protocols for the VC (including data collection, conceptual model development, and 
identification of indicators and benchmarks), (2) assessment of how collected data compares to outlined 
benchmarks, (3) identification of management responses, and (4) reaching management decisions 
(Figure 7.2) (Government of British Columbia 2017). 
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Figure 7.2. The cumulative effects framework (Government of British Columbia 2017). 

 

Broad objectives and specific objectives are considered separately within this framework. Broad 
objectives are established in relation to identified benchmarks, while management triggers are used to 
assess specific management objectives. Management triggers guide shifts between management 
classes, given the impact to the VC and the cumulative changes occurring in the region (see Figure 7.3 
below). 
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Figure 7.3. Illustration of Management Triggers as defined by the BC Cumulative Effects Framework, 
interim policy (Government of British Columbia 2017). 

 

�:�K�L�O�H�� �W�K�H�� �I�U�D�P�H�Z�R�U�N�� �K�D�V�� �E�H�H�Q�� �G�H�Y�H�O�R�S�H�G�� �I�R�U�� �X�V�H�� �L�Q�� �%�&�¶�V���W�Hrrestrial environment, the underlying 
framework could be adapted for use in the marine environment, and for any region of interest. The Marine 
Plan Partnership built their cumulative effects framework to be consistent with the BC template. 

7.2.3 Risk Assessment 

Within a broader cumulative effects framework, the process of risk assessment, as stated by The 
International Organization for Standardization (ISO), includes the identification of risk sources, the 
analysis of their consequences, and the evaluation of relevant management options (see also Figure 7.4).  
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Figure 7.4. A conceptual diagram of how cumulative effects assessments can be embedded into a standard 
risk assessment framework. Figure taken from Stelzenmuller et al. 2018. 

 

�7�K�H�� �³�U�L�V�N�� �L�G�H�Q�W�L�I�L�F�D�W�L�R�Q�´�� �V�W�D�J�H�� �L�Q�Y�R�O�Y�H�V�� �L�G�H�Q�W�L�I�L�F�D�W�L�R�Q�� �R�I�� �V�W�U�H�V�V�R�U�� �V�R�X�U�F�H�V�� ���H���J���� �V�K�L�S�S�L�Q�J������ �V�W�U�H�V�V�R�U�V�� ���H���J����
noise), and VCs within the area(s) of concern. This is followed by the establishment of the relationships 
between each of those components using a causal framework often paired with geospatial information. 
Finally, levels of risk for each VC are evaluated using a scoring system which assigns risk to VCs based 
on a set of criteria. This is usually accomplished via models that use thresholds and criteria to evaluate 
and map risks to VCs under different scenarios, or through the use of qualitative data and expert 
knowledge (Stelzenmuller et al. 2018). 

�7�K�H���Q�H�[�W���V�W�D�J�H���L�V���³�U�L�V�N���D�Q�D�O�\�V�L�V�´���Z�K�H�U�H�L�Q���W�K�H���O�H�Y�H�O���R�U���S�U�R�E�D�E�L�O�L�W�\ of risk is determined, and the cumulative 
effects of those risks are established. Most risk assessments that operate within a CEA framework 
accomplish this through GIS mapping and modeling�����V�X�F�K���D�V���W�K�H���³�E�R�Z-�W�L�H�´��modeling approach; The bow-
tie method depicts the multiple pathways of risk of an event, and the multiple consequences of that event 
taking place (see Figure 7.5) (Cormier et al. 2018). Robust analyses at this risk analysis stage will further 
account for the effectiveness of implemented management decisions (Stelzenmuller et al. 2018). 
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Figure 7.5. Example conceptual diagram of the "bow-tie" approach. Image taken from Cormier et al. 2018. 

 

�7�K�H�� �I�L�Q�D�O�� �V�W�D�J�H���� �³�U�L�V�N�� �H�Y�D�O�X�D�W�L�R�Q�´�� �F�R�P�S�D�U�H�V�� �W�K�H�� �U�H�V�X�O�W�V�� �R�I�� �W�K�H�� �U�L�V�N�� �D�Q�D�O�\�V�L�V�� �Z�L�W�K�� �H�[�L�V�W�L�Q�J�� �F�U�L�W�H�U�L�D�� �D�Q�G��
thresholds to determine the level of risk that stakeholders are willing to tolerate. This stage also involves 
the re-assessment of risk tolerance after management decisions, that have altered risk levels, have been 
implemented.  

A number of risk assessment frameworks directly address particular species, actions, or other specified 
VCs within the broader ecosystem (see Grech et al 2008, Gobas et al. 2010, DFO 2012, and Lawson and 
Lesage 2013). These approaches usually involve a combination of spatial modeling and semi-quantitative 
estimates of the impacts of the stressors.  In contrast, several risk assessment frameworks have been 
applied more generally to many ecological components (see Gobas et al. 1998, Halpern et al. 2007, 
Stelzenmuller et al. 2012, Hobday et al. 2011, Samhouri et al. 2012, O et al. 2015, Herkul et al. 2017, 
Furlan 2017). O et al. (2015) notes that conducting a broad-based assessment is useful for screening out 
less significant VCs, stressors, and sources, and allowing subsequent semi-quantitative and quantitative 
analyses to be more focused. 

Most risk assessment studies that occur within a cumulative effects framework tend to apply a 
combination of spatial analysis, analytical and modeling methods at some point in their risk assessment. 
For example, Furlan (2017) used a GIS mapping, multi-criteria analysis, and expert surveys to arrive at 
spatially-explicit, qualitatively and quantitatively-�L�Q�I�R�U�P�H�G�� �U�L�V�N�� �Y�D�O�X�H�V���� �'�)�2�¶�V�� �H�F�R�O�R�J�L�F�D�O�� �U�L�V�N�� �D�V�V�H�V�V�P�H�Q�W��
framework (ERAF) and the methods outlined in Stelzenmuller et al. (2010) provide similar examples. 

A common issue faced by several cumulative effects analyses is the issue of uncertainty in the ecological 
system, particularly in the cause-effect relationships (Stelzenmuller et al. 2018). The application of risk 
assessment to these analyses has been shown to greatly reduce this uncertainty, by accounting for the 
lack of knowledge or limited data in the level of risk prescribed to a VC (Stelzenmuller et al. 2010, Hobday 
et al. 2011). 
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7.2.3.1 Examples 

Attribution of risk is generally achieved via computer-based tools and models, criteria-based qualitative 
assessment, or a combination of the two. This section lists a number of candidate tools and methods. 

The Ecological Risk Assessment Framework (ERAF)  (DFO 2012, DFO 2014, O et al. 2015) 
systematically and thoroughly identifies cumulative risks to VCs. It operates within a broader Adaptive 
Management (AM) framework in place in Canada. It applies a tiered approach, adopted from Hobday et 
al. (2011), that progressively arrives at risk estimates through qualitative, semi-quantitative, and highly 
quantitative stages. While the ERAF was developed for biological VCs, non-biological VCs are suitable 
for analysis, so that risks to socio-cultural components can be assessed (O et al. 2015). 

The bow -tie approach  takes into account all of the stressor sources, stressors, and VCs, their spatio 
temporal distributions, and the exposure, status, and sensitivities of VCs and habitats to assess the 
extent to which a hazard scenario would impact those VCs and habitats, and their compounding effects 
(based on links established in the causal framework stage). It aims to identify preventative measures to 
reduce the risk of an event occurring (on the left side of the bow-tie), and the mitigation and recovery 
strategies that can take place if the event occurs (right side of the bow-tie) (see Figure 7.5 above) 
(Cormier et al. 2018). The approach can be implemented through the use of software such as BowTieXP  
(Cormier et al. 2018).  

 

7.2.3.2 Relevance to Marine Shipping 

Gimpel et al. (2013) notes that given the spatial context of marine shipping and its impacts on VCs, 
methods that examine risk from a geospatial prospective are needed to accurately characterize linkages 
between vessel activity and VCs of interest. Most of the methods and associated tools presented in 
Sections 4.2, 4.3, and 4.4 could potentially be applied in a marine shipping context, and a few examples 
have been developed to consider shipping-related risks. 

The method outlined in Furlan (2017) explicitly considered marine shipping as one stressor source. 
Lawson and Lesage (2013) also specifically considered marine shipping in their risk assessment; they 
developed a cumulative risk assessment framework to determine the risk of impact to marine mammals 
from marine development-related noise, strikes, and invasive species. The framework employs a 
�µ�S�U�R�E�D�E�L�O�L�W�\���R�I���L�P�S�D�F�W�¶���D�Q�D�O�\�V�L�V���Z�K�L�F�K���F�R�Q�V�L�G�H�U�V���P�D�U�L�Q�H���P�D�P�P�D�O���S�R�S�X�O�D�W�L�R�Q���V�L�]�H�����V�H�D�V�R�Q�D�O���G�H�Q�V�L�W�L�H�V���L�Q���W�K�H��
specified region, conservation status, habitat use, and sensitivity to the stressors. Gimpel et al. 2013 
analyzed risk of conflicts between vessel traffic, marine protected areas, fisheries, and off-shore wind 
development under current and future management scenarios in the German waters of the North Sea. 
Goerlandt and Montewka 2015 used Bayesian Belief Network (BBN) modeling to probabilistically assign 
risk to different tanker collision-related oil spill scenarios in the Gulf of Finland. 

While not directly addressing shipping-related risk, many analyses consider risk assessment in the marine 
environment, more generally: Grech et al. 2008, Stelzenmuller et al. 2010, Hobday et al. 2011, DFO 
2012, Samhouri et al. 2012, Wood et al. 2012, Cormier et al. 2013, Lawson and Lesage 2013, DFO 2014, 
O et al. 2015, and Herkul et al. 2017. 
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8 Conclusions 
8.1 Key insights from the evaluation of CE assessment 

methodologies 

 

8.1.1 Overarching insights 

�x The CEMS initiative will require a combination of asses sment methods. Section 4 
summarizes a variety of methodologies which have been applied to CEA. On their own, most of 
these methods are insufficient to complete a full assessment; however, most of them have 
potential to be useful to the CEMS initiative. Our review suggests that all three categories of 
methodologies (spatial, analytical, and modeling) play an important role, and can be linked to one 
of the assessment steps identified in Figure 1.2. 

o Spatial  methods are most useful for evaluating the reference condition of either 
activities/stressors or VCs as well as understanding how VCs are spatially exposed to 
activities/stressors [assessment step 1, in Figure 1.2].  

o Analytical methods based on empirical data are useful for interpreting spatial data to 
inform our understanding of key habitat requirements, evaluating risk, and quantifying the 
relationships between stressors and VCs (i.e., pathways) [assessment step 2, in Figure 
1.2].  

o Modeling methods build on the previous two categories and are necessary for evaluating 
alternative scenarios [assessment step 3, in Figure 1.2].   

�x A variety of supporting methods will also be useful to t he CEMS initiative 

o Indigenous knowledge or expert elicitation methods will be critical to the initiative, 
particularly where data are limited.  

o Decision support tools,  which make use of the outcome of the assessment step, are 
beyond the scope of this project but will need to be considered in later steps of the 
initiative. 

�x Existing CEA frameworks may provide useful templates for th e CEMS initiative.  In general, 
frameworks allow decision-makers to integrate a suite of assessment methods and tools to 
thoroughly evaluate the cumulative effects of stressors, and link the CEA to management 
contexts. 

o Risk assessment frameworks  provide a means of qualitatively and quantitatively 
evaluating the exposure of a valued component to a stressor, and its sensitivity. The 
framework can utilize spatial and analytical assessments, indigenous knowledge, expert 
elicitation, causal relationships, and model outputs to assess the relative impact of 
various stressors on valued components. 
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o Frameworks such as the EU Marine Strategy Framework  and the BC Cumulative 
Effects Framework  �S�H�U�P�L�W���&�(�$�¶�V���W�R���H�[�S�O�L�F�L�W�O�\���D�G�G�U�H�V�V���P�D�Q�D�J�H�P�H�Q�W���F�R�Q�F�H�U�Q�V���E�\���F�O�H�D�U�O�\��
defining objective�V���D�Q�G���W�K�U�H�V�K�R�O�G�V�����L���H�������Z�K�D�W���L�V���F�R�Q�V�L�G�H�U�H�G���³�J�R�R�G���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���V�W�D�W�X�V�´������
and allow analyses to occur at broad or fine scale resolution by introducing scale-specific 
objectives. 

�x Examples addressing social VCs were less prevalent in the evaluation however insights 
generally apply to both ecological and social VCs. Although applications of assessment 
methods have largely focused on ecological VCs, the three categories are relevant for assessing 
cultural and socioeconomic VCs. For example, the Haida Marine Traditional Knowledge Study 
(Table 5.4) involved spatially identifying locations of culturally valued components (e.g., traditional 
harvest sites). Indigenous communities on the Coast of British Columbia use analytical methods 
as part of their Regional Monitoring System (Table 5.4) to document changes to cultural sites. In 
addition, there are decision support tool models, such as MIMES, the Mauri Model, AIRES and 
InVEST (Section 6.3.2), that consider social values related to ecosystem services and provide 
outputs in economic terms. Cultural and socioeconomic effects are also often associated with 
ecological VCs. For example, culturally important traditional harvesting can be affected by 
changes in the population of the species being harvested. In these cases, results from 
assessment of some ecological VCs may be inputs into assessments of other cultural or 
economic VCs.  

�x Marine shipping activities are relevant nationally, wh ereas VCs and impact pathways differ 
by region. It may be possible to select a single modeling tool for stressors of concern (e.g., oil or 
noise) and replicate these across multiple regions. This would improve efficiency, build capacity, 
and enable results to be more easily compared across regions. However, it is likely that different 
methods will be required to assess VCs and impact pathways in each region depending on the 
nature of the VCs, the intensity of stressors, the local data availability and capacity. 

8.1.2 Spatial insights 

�x Spatial methods are one of the  most common approaches observed in our evaluation and are 
expected to be a key method for the CEMS initiative.  

�x Spatial assessments may be particularly useful during early iterations to refine scope (e.g., 
identify geographical hotspots) and to identify information gaps.  

�x Although there are many ways to collect spatial data, and many ways resulting spatial information 
can be used, at the foundation of spatial approaches is a single conceptually simple method : 
Mapping locations and characteristics of activities/stressors and VCs.    

�x Inferences should not be made at spatial scales  that are finer than the datasets allow. 

�x Data related to activities/stressors are often easier to gather/collect than data related to VCs, 
which can result in greater uncertainties for inferences related to VCs .  

�x In light of large data requirements, assessments often require assumptions  where little or no 
information is available . When spatial assessment involves complementary analytical or 
modeling approaches, assumptions related to those methods also apply. 
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8.1.3 Analytical insights 

�x Assessment of the functional relationships between stressors and VCs using empirical evidence 
is a critical component of cumulative effects assessmen t. This step is essential to: validate 
the nature of hypothesized pathways, refine the scope by identifying the most important 
pathways, improve the accuracy of models used to evaluate alternative scenarios, inform 
development of meaningful thresholds, prioritize mitigation activities, and quantify uncertainty.  

�x The analytical methods described in this report are highly dependent on data availability and 
data quality .  

�x Risk assessment  is anticipated to be a useful scoping method for the CEMS initiative to help 
refine the priorities in each region.  

�x Weight of evidence is anticipated to be a useful method for the CEMS initiative to evaluate the 
relative importance of different pathways in each region. This is particularly expected to be the 
case in early iterations of the initiative assuming that the data are limited and varied in nature as 
is typical for any new initiative. 

�x More complex and data rich methods  should be invested in for priority pathways where 
uncertainties and potential benefits are high. This includes supporting monitoring  to address 
critical data gaps. 

�x R statistical software  is freely available, well documented, accepted in academic setting, and 
has readily available tools to support most of the analytical methods discussed.  

8.1.4 Modeling insights 

�x A key distinction of modeling methods is that they can be used to test alternative scenarios  or 
management options, the third component of the assessment step (Figure 1.2). 

�x Unlike analytical methods, models can be developed in absence of empirical data . This usage 
can test alternatives using expert knowledge and current hypotheses about the system. 
Sensitivity analysis can help to bound the problem and identify the most sensitive parts of the 
system. Pathways with the greatest influence or uncertainty in terms of their impact on the VC 
can then be prioritized in terms of data collection.  

�x Stressor models , such as underwater noise or oil spill models, are well-established methods and 
extremely useful in predicting the intensity of the stressor of concern. Where possible, existing 
stressor models should be leveraged to support the CEMS initiative.  

�x Single species models  that evaluate population level effects resulting from changes to various 
life-cycle parameters are expected to be very useful to the CEMS initiative and should be 
developed for at least a small set of top priority VCs in each region. It is less clear whether 
ecosystem models should be developed for the CEMS initiative unless the ecosystem itself is the 
VC.  

�x Spatially explicit simulation models which relate stresso rs to VCs and enable evaluation of 
alternative scenarios are the ultimate CEA method . However, the level of data, effort, and 
expertise required for their implementation, makes spatially explicit models best suited at regional 
scales for a sub-set of highest priority VCs and pathways of greatest impact and potential for 
improvement. 
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8.2 Preliminary Guiding Principles  

This section describes a preliminary list of principles which have emerged from the evaluation (Table 8.1). 
It is anticipated that this list will be revised after the workshop building on insights from participants. 

 

Table 8.1. Guiding principles for implementation of the assessment step of the CEMS initiative. 

Principle Description 

Identify the 
management 
objectives early in 
the process 

Identifying management decisions up front will help to characterize alternative scenarios  
of interest. Identifying mitigation opportunities which are within control of the CEMS 
initiative will also help to focus assessment efforts. 

Focus on the 
essential 

It is not possible to assess everything. Scoping to a manageable set of priority VCs  
(e.g., less than 10), stressors of concern , and most important pathways is critical to 
successful implementation of the assessment step. The CEMS initiative is currently in 
the process of collaboratively refining the scope in each region. The process for 
prioritization and resulting decisions should be documented. Scope refinement is 
expected to continue iteratively as the assessment progresses.  

In general, early iterations of the assessment step are likely to use simpler less data 
intensive methods and more focused on refining scope and identifying knowledge gaps. 
Whereas later iterations may involve more complex methods applied to a narrower 
scope (e.g., the most important pathways). 

Build on existing 
work  

Where possible leverage existing work rather than starting from scratch. There are a 
number of related initiatives which could be employed to support different aspects of the 
CEMS initiative. This can include everything from: CEA frameworks, existing modeling 
tools, analyses quantifying pathways, thresholds, monitoring and data management 
systems.  

Explicitly identify 
uncertainties 

This may include model assumptions, data gaps or data uncertainty. Uncertainty may be 
expressed quantitatively or qualitatively.  

Keep it simple Models are complex assessment methods and this complexity increases as the scope of 
the model increases (e.g., pathways instead of single stressors or VCs). To avoid 
unnecessary complications, the simplest model that achieves the objectives of the 
assessment should be selected. We recommend coupling several smaller and simpler 
models rather than creating a single all-encompassing model (e.g., linking a stressor 
model for noise to a separate life cycle model for beluga populations). This approach is 
better able to leverage existing work, builds upon the strengths of subject matter experts, 
and reduces complexity. In general, we recommend only considering one VC at a time, 
although multiple stressors and pathways should be considered simultaneously. The 
added complexity of modeling multiple VCs simultaneously is not expected to be fruitful 
except perhaps in cases where there are clear trophic level interactions between VCs 
(e.g. marine mammals and forage fish). Even so, these would likely be questions for 
later iterations as specific uncertainties are identified. 
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8.3 Selection of Assessment Methods 

Selecting specific methods and associated tools within each category depends on the: relevance (e.g., 
priority VCs), rigour (e.g., data availability), and feasibility (e.g., capacity/funding) of different options 
within the category (Table 5.2). Section 5.2 provides detailed examples of how each category of method 
could be applied to the CEMS initiative (Table 5.3), as well as a list of relevant case studies (Table 5.4) 
that demonstrate how multiple methods can be used in combination to achieve a particular objective. We 
propose a series of guiding questions for consideration when selecting assessment method(s). These 
should be used along with the tables in Section 5. The questions are not meant to be prescriptive in their 
�D�S�S�O�L�F�D�W�L�R�Q�� �D�V�� �W�K�H�U�H�� �L�V�� �Q�R�W�� �R�Q�H�� �µ�F�R�U�U�H�F�W�¶�� �P�H�W�K�R�G�� �R�U�� �F�R�P�E�L�Q�D�W�L�R�Q�� �R�I�� �P�H�W�K�R�G�V�� �I�R�U�� �H�D�F�K�� �S�R�V�V�L�E�O�H�� �V�F�H�Q�D�U�L�R����
Some questions may depend on the regional context. Preliminary information for each pilot region is 
provided in Appendix A: Regional Context. 

In general, early iterations of the assessment step tend to use simpler less data intensive methods and 
are more focused on refining scope and identifying knowledge gaps. Whereas later iterations involve 
more complex methods applied to a narrower scope (e.g., the most important pathways). 

 

8.3.1.1 Relevance 

What stage of the assessment process are you in? 

Different methods apply to different stages of the assessment process (Figure 1.2). In general, spatial 
methods are used to assess current or reference condition, analytical methods are used to quantify 
impact pathways, and modeling methods are used to evaluate alternative scenarios. Initial iterations will 
tend to use simpler methods and later iterations will increase in complexity as the scope is refined and 
new information is acquired. 

Have the most important pathways been identified? 

If starting from scratch, risk assessment (informed by spatial analyses of stressors and VCs) should be 
considered to help identify the most important pathways. Indigenous knowledge and expert elicitation 
may be used to support a risk assessment. If sufficient data are available this should be followed up with 
analytical assessments to quantitatively assess the relative importance of pathways identified in the risk 
assessment for each priority VC. If the most important pathways have already been identified, then 
selected methods can focus on evaluation of those pathways using both analytical and modeling 
methods. 

What management decisions are informed by the CEA? 

Identifying the management objectives and levers that scope the CEA process is an important 
consideration for prioritizing VCs and pathways as well for determining what alternative scenarios should 
be evaluated in step 3 of the assessment step. Although beyond the scope of this report, this will be 
important because it can be more useful to further analyze and develop predictive models for impact 
pathways with clear mitigation opportunities.  

 

8.3.1.2 Rigour 

What level of information is available for priority VCs and stressors? 
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How much data is available over space and time? What is the quality of the data? Methods vary widely in 
�W�K�H�L�U���G�D�W�D���U�H�T�X�L�U�H�P�H�Q�W�V���D�Q�G���I�O�H�[�L�E�L�O�L�W�\�����V�H�H���G�L�V�F�X�V�V�L�R�Q�V���R�Q���µ�'�D�W�D���U�H�T�X�L�U�H�P�H�Q�W�V�¶���L�Q��Sections 4.2.2, 4.3.2 and 
4.4.2). Ideally, there is empirical information about the VCs and the stressors so more sophisticated 
quantitative spatial, analytical, and modeling methods can be used. In absence of quantitative data spatial 
methods leveraging indigenous and expert knowledge are a good place to start. Models may also be 
used to articulate the current understanding of the system and complete preliminary sensitivity analyses. 

Is it possible to supplement the available information with indigenous or expert knowledge? 

Sections 6.1 and 6.2 provide insights on how to use and integrate indigenous and expert knowledge in 
CEAs. These methods are particularly valuable early in the process in absence of quantitative data.  
Indigenous knowledge is also useful in conjunction with western scientific data as it can deepen the level 
of information (i.e., corroborate or contradict western scientific data) or cover different temporal or spatial 
scales. It may also be useful in helping to identify a pre-degradation reference condition.  

Is it possible to collect new data? 

Monitoring is one of the costlier elements of CEAs however it is a valuable tool for reducing uncertainties. 
It is important to identify if there are opportunities to supplement existing data (e.g., collaborate with 
others to collect data). If not, methods will be limited by current data availability. 

 

8.3.1.3 Feasibility 

What is the general knowledge and skill level of the team conducting the CEA?  

The skills of the team conducting the CEA are critical for the selection of a method as when all else is 
equal it is more efficient to use methods that the team already has the capacity to conduct. Likewise, if 
input from experts outside the team is needed, it is best to identify these requirements early in the CEA 
process. Some methods require the use of specific modeling software or an expert level of knowledge 
abou�W�� �D�� �9�&�� �R�U�� �D�U�H�D���� �7�K�H�� �µ�I�H�D�V�L�E�L�O�L�W�\�¶�� �F�R�O�X�P�Q�� �L�Q�� �7�D�E�O�H�� �������� �D�Q�G���� �L�Q�� �P�R�U�H�� �G�H�W�D�L�O���� �W�K�H�� �G�L�V�F�X�V�V�L�R�Q�� �R�I�� �W�K�H��
�µ�F�R�P�S�O�H�[�L�W�\�¶�� �D�Q�G�� �µ�D�F�F�H�V�V�L�E�L�O�L�W�\�¶�� �H�Y�D�O�X�D�W�L�R�Q�� �F�U�L�W�H�U�L�D�� �I�R�U�� �W�K�H�� �G�L�I�I�H�U�H�Q�W�� �P�H�W�K�R�G�V�� �L�Q��Sections 4.2.2, 4.3.2 and 
4.4.2 provide useful context for answering this question. 

What are the resources (e.g., time, money) available for conducting the CEA? 

Costs vary across methods. Collecting new data is usually the most expensive cost for all method. 
Additionally, conducting expert elicitation exercises, engaging indigenous knowledge holders or 
purchasing specific software or analytical tools will add to the costs. More complex methods with higher 
costs may be required as priorities are explored in deeper detail. A brief discussion on costs for the 
diff�H�U�H�Q�W���P�H�W�K�R�G�V���F�D�Q���E�H���I�R�X�Q�G���X�Q�G�H�U���W�K�H���µ�F�R�V�W�¶���F�U�L�W�H�U�L�R�Q���L�Q���6�H�F�W�L�R�Q�V 4.2.2, 4.3.2 and 4.4.2. 

Are there existing applications of methods or tools for priority VCs, stressors of concern, or impact 
pathways? 

In cases where there are existing applications of methods or associated tools these should be leveraged 
rather than starting from scratch. Potential examples of existing applications of methods or tools include:  

�x there are a number of existing models to quantify stressors associated with marine shipping such 
as noise, oil, and emissions; 

�x there is a recent paper documenting the summer range of Southern Resident Killer Whales; 
�x a series of habitat suitability models are under development by DFO through related OPP 

initiatives 
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Who are the key stakeholders and what is the best way to communicate the results? 

It is important to foresee how the results of the CEA will be communicated, depending on the needs and 
preferences of the stakeholders involved. Spatially-explicit methods that generate maps are usually 
easier to interpret than graphs or numerical outputs of quantitative analyses. The discussion under 
�µInterpretability and communicability�¶���I�R�U���W�K�H���Y�D�U�L�R�X�V���P�H�W�K�R�G�V���L�Q��Sections 4.2.2, 4.3.2 and 4.4.2 provides 
more information for this consideration. 

 

8.4 Path Forward �± To be completed post-workshop 

8.4.1 Developing the Assessment methods for the CEMS Initiative 

[This section will be used to document specific next steps related to the assessment step specifically. It 
will build on feedback from workshop participants.] 

8.4.2 Next steps for the CEMS Initiative  

[This section will be used to document next steps of the CEMS initiative more generally. This will be 
useful to show how / when concurrent and subsequent tasks feed into the assessment step. It will build 
on feedback from workshop participants.] 
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Appendix A: Cumulative Effects and Marine 
Shipping in Canada: Overall Context 

Marine Shipping Pathways of Effects 

Pathways of Effects (PoE) are conceptual models that represent the cause-effect linkages between stressors 
and their effects on valued environmental, cultural, and socioeconomic components (Government of Canada 
2012). PoE models consist of components that represent the different parts of the system (i.e., activities, 
stressors, valued components) linked by impact pathways (generic example displayed in Figure A. 1) that 
represent the interactions that lead to direct or indirect effects on the valued components. PoEs are usually 
accompanied by rationales that detail the supporting evidence for the relationships represented in the model. 

 

 

Figure A. 1. The value of using a simple Pathways of Effects conceptual model as a basic organizing structure 
for the cumulative effects framework is illustrated by aligning this generic model with the phases 
and steps identified in the CEMS initiative. Note that valued components can be ecological, cultural 
or socioeconomic. 

 

PoE models are useful communication tools as they explicitly articulate the current understanding of the 
system, providing a common understanding from which to facilitate discussions and make decisions.  PoE 
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models are an important step in any cumulative effects assessment framework, regardless of assessment 
approaches that are utilized.   

DFO is currently leading the development of PoE models for marine shipping. The final PoE diagrams will be 
informed by previous work as well as through expert opinions/literature review conducted through a 
Canadian Scientific Advisory Secretariat process. In addition to shipping, DFO is undertaking development of 
other PoEs (e.g., dredging). 

Current undertakings as part of Phase 2 (2018-2020) involve identifying valued components for six pilot 
regions, mapping the linkages between stressors and the valued components, and identification of 
assessment methods, which is the focus of this report. Figure A. 2 displays activities and stressors as 
identified during recent Transport Canada engagement and from the science advisory report by DFO (2015).  

When asked how marine shipping could affect the environment or traditional uses of environmental 
resources, Indigenous Nations, coastal communities, and other stakeholders identified seven broad 
categories of activities, including log booming/dredging, anchoring, grounding/wrecking, discharges both 
operational and accidental, movement underway and harvesting (i.e., the effects of fishing vessels 
specifically associated to vessel movement). These activities result in multiple stressors (Figure A. 2) on 
ecological and social valued components.  

A total of 778 potential valued components (VCs) have been identified for the six pilot regions, including 
biological, physical and social components (Figure A. 3). This list of VCs, derived mainly from environmental 
and social impact assessments, will be further developed and priority VCs will be identified as part of the 
upcoming regional engagement in Phase 2.  

 

 

Figure A. 2. Activities and stressors identified during recent Transport Canada engagement and from the 
science advisory report by DFO (2015) 
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Figure A. 3. General categories of valued components identified for the six pilot regions 

 

Regional Context 

This section introduces the six regions of relevance for the CEMS initiative, concerns stakeholders have for 
each of these regions, characteristic vessel types and activities prevalent in the area, the valued components 
which have been identified so far, as well as any recent or ongoing cumulative effects initiatives implemented 
for the regions. Regional data availability is summarized as part of the Data Availability section in this 
Appendix. 

Arctic 

Marine traffic  

Different communities expressed different concerns associated with marine shipping. Marine vessel traffic 
and mining are two activities that have been identified as having an impact on the community of Iqaluit. At a 
May 2018 workshop in Cambridge Bay, part�L�F�L�S�D�Q�W�V�� �L�G�H�Q�W�L�I�L�H�G�� �³�V�X�S�H�U�� �E�D�U�J�H�V�´�� �D�V�� �D�� �S�D�U�W�L�F�X�O�D�U�O�\�� �F�R�Q�F�H�U�Q�L�Q�J��
type of vessel due to its disturbance of wildlife, warming of waters, and the introduction of invasive species 
(Government of Canada 2018a). During a June 2018 workshop in the Inuvik, NWT, participants identified 
specific types of vessels of greatest concern for the Inuvialuit Settlement Region, namely cruise ships, 
yachts, recreational vessels, and tourism crafts (IGC 2018).  
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Figure A. 4. Vessel transit heat map for the Cambridge Bay area. Map provided by Transport Canada. Note: 
information about vessel activity is based on Automatic Identification System (AIS) data, and 
therefore vessels that do not use the AIS system (e.g., small recreational boats) are not represented 
in this map. 

Concerns 

During an Oceans Protection Plan (OPP) meeting in Iqaluit in 2017, stakeholders voiced their highest priority 
concerns regarding their marine environment. A big concern was that of marine areas and marine food 
sources Inuit depend on being degraded by garbage pilings from mining, and from shipping (OPP 2017a). 
Increased marine vessel traffic impacts on marine mammals, vessel-induced ice breakage, vessel waste 
water pollution, oil spills, noise, and physical impacts on the sea beds from anchorage were identified 
concerns. Increased frequency of anchorage and longer anchorage time have been identified as a concern 
to residents in the region (letstalktransportation.ca). A loss of walrus and a decline in Beluga whales, 
changing currents, invasive species, and garbage in fishing nets and on beaches around the Belcher Islands 
was raised as a local-scale concern (IGC 2018, OPP 2017a). 

hhttps://letstalktransportation.ca/understanding-the-effects-of-marine-vessel-activity-on-coastal-environments/forum_topics/what-are-the-impacts-cultural-social-and-economic-to-indigenous-peoples-and-communities-from-marine-activities
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At an October 16-18, 2017 Transport Canada-�K�R�V�W�H�G�� �Z�R�U�N�V�K�R�S�� �L�Q�� �6�W���� �-�R�K�Q�¶�V���� �1�H�Z�I�R�X�Q�G�O�D�Q�G�� �I�R�F�X�V�H�G�� �R�Q��
shipping through Arctic corridors, participants expressed apprehension about several marine-shipping related 
possibilities. These included oil spill response capacity (including equipment, legal gaps, irregular 
maintenance and access to equipment, and storage and disposal resources), mass rescue capabilities, and 
the effects of climate change on increased marine shipping and sailing traffic through the arctic regions 
potentially impacting haul outs and feeding areas of narwhals, belugas, and seals (Government of Canada 
2017a). Community access to hunting of narwhal through the Mary River where voyager and tanker traffic is 
high was also a concern. Several of these concerns were also echoed at a June 2018 workshop in the 
Inuvik, NWT (IGC 2018). 

During a May 2, 2018 workshop in Cambridge Bay, participants identified food security, increased tourism-
related vessels traffic, interference of ships during the hunting season, pollution, oil spills, noise, grey water, 
changing migration patterns of marine mammals, effects of ice-breakers on hunting access and caribou 
migration, and an inability to track smaller vessels around the community to be of concern (Government of 
Canada 2018a). 

 

Valued Components  

Several biological VCs have been identified for this region: 19 marine mammals (including walruses, 
narwhals, Beluga and Bowhead whales), 12 terrestrial mammals (including polar bears, muskox, Arctic 
hares, and moose), 25 fish species, 11 birds, 13 invertebrates, 5 plants, 16 habitats, and 5 other ecological 
components are included under this category. 

Physical VCs include water quality (6), acoustic environment (3), ice conditions (1), sediment quality (4), air 
quality (3), climate change (1), and visual environment (1). 

The Arctic region has a significant number of socio-economic VCs of relevance. These include economic 
activities and development (7), human health, safety and well-being (9), recreational, traditional, cultural and 
spiritual activities (7), navigation safety, access and use (4), education, training and traditional knowledge 
transfer (3), land use (2), infrastructure and public service (2), and cultural and archeological heritage (2). 

Current state of CE practice within the region 

Cumulative effects work has been undertaken for the Arctic region in and around Cambridge Bay by several 
groups including the Beaufort Sea Partnership, the Northwest Territories Cumulative Impacts Monitoring 
Program (CIMP), the Inuvialuit Game Council (IGC), and the World Wildlife Fund (WWF) (Beaufort Sea 
Partnership 2009, Campagnola, J. pers. comm, IGC 2018, NWT 2018a). Since 2008, The Northwest 
Territories Water Stewardship Strategy has been working on an initiative to outline a water strategy, including 
the assessment of the cumulative effect of anthropogenic water and land use, and waste deposits on the 
watershed (NWT 2018b). The Arctic Corridors group (www.arcticcorridors.ca), in partnership with Northern 
Voices has studied and written many reports about subjects such as climate change, the effects of pleasure 
craft tourism, and the cumulative effects of marine shipping (Arctic Corridors and Northern Voices 2018). 
Environmental assessment studies have been performed by the Nunavut Impact Review Board and 
collaborative efforts through the Beaufort Regional Strategic Environmental Assessment initiative 
(https://rsea.inuvialuit.com/).  

http://www.arcticcorridors.ca/
https://rsea.inuvialuit.com/
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Newfoundland 

Marine traffic 

 

Figure A. 5. Vessel transit heat map for the Placentia Bay area. Map provided by Transport Canada. Note: 
information about vessel activity is based on Automatic Identification System (AIS) data, and 
therefore vessels that do not use the AIS system (e.g., small recreational boats) are not represented 
in this map. 

Concerns 

General concerns about environmental protection, oil spills, lack of information related to wind and wave 
conditions, safety, inclusion of Indigenous groups in initiatives, and the protection of traditional knowledge, 
cultures, and socioeconomics were voiced during the Oceans Protection Plan (OPP) engagement session in 
�6�W�����-�R�K�Q�¶�V�����1�H�Z�I�R�X�Q�G�O�D�Q�G���R�Q���0�D�U�F�K�������������������� 

Process-based concerns raised by participants included the balance between economic opportunities and 
protecting community resources, and that traditional knowledge is included in initiatives. Participants were 
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concerned about ensuring that adequate time is allocated to any initiatives such that thorough analyses can 
be achieved, that privacy be considered, and that risks of marine traffic are properly considered (Lorne Pike 
& Associates 2018). 

Valued Components  

Four marine mammals including cetaceans, otters, and pinnipeds, 1 terrestrial mammal, 11 fish species 
including bluefin tuna, and Atlantic cod, 14 birds, 10 invertebrates, 1 herpetile (sea turtles), 4 aquatic and 
terrestrial plants species, and 7 aquatic and terrestrial habitats have been identified so far as biological 
valued components category for Newfoundland. 

Physical VCs include 4 water quality considerations, and 1 each of acoustic environmental, sediment quality, 
air quality, climate change, and visual environmental considerations. 

Social VCs include 1 economic activity (commercial fisheries), recreational, traditional, cultural and spiritual 
activities (3), navigation safety, access and use (1), land use (1), infrastructure and public service (1), and 
cultural and archeological heritage (1). 

Current state of CE practice within the region 

A recent draft plan for a regional assessment of offshore oil and gas exploration drilling East of 
Newfoundland and Labrador has been released, which will seek to assess the current and anticipated 
cumulative effects of such operations in combination with other physical disturbances that may result 
(Government of Canada 2018b). 
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New Brunswick 

Marine traffic  

 

Figure A. 6. Vessel transit heat map for the Bay of Fundy area. Map provided by Transport Canada. Note: 
information about vessel activity is based on Automatic Identification System (AIS) data, and 
therefore vessels that do not use the AIS system (e.g., small recreational boats) are not represented 
in this map. 

Concerns 

A workshop was hosted by Transport Canada on January 25th, 2018 in Moncton, New Brunswick to elicit 
feedback on, and generate ideas regarding components of the Ocean Protection Plan that are relevant for 
the area. The leading cause for concern regarding the cumulative effects of increased vessel traffic was that 
of oil and pollution leaks from vessels, and the resulting impacts on coastal areas and species. Participants 
also expressed concern about the environmental impacts of sunken ships, and the increased risk of 
collisions between marine fauna and fishing gear.  
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Valued Components  

Seven plant species/communities, 9 habitats, 3 marine mammals including the Northern Right Whale, 10 
terrestrial mammals including moose and lynx, 12 fish including halibut, 5 birds, and 5 invertebrates have 
been identified as biological VCs for this region. 

Physical VCs of focus for the region include 4 water quality considerations, and one each of acoustic 
environmental, ice conditions, sediment quality, air quality, climate change, and visual environmental 
considerations. 

Social VCs include 1 economic activity/development (commercial fisheries), 6 human health, safety and well-
being, 5 recreational, traditional, cultural, and spiritual activities, 1 land use activity, and 1 cultural and 
archaeological heritage consideration. 

Current state of CE practice within the region 

�7�K�H�� �&�D�Q�D�G�L�D�Q���*�R�Y�H�U�Q�P�H�Q�W�¶�V�� �$�U�H�D�� �5�H�V�S�R�Q�V�H�� �3�O�D�Q�Q�L�Q�J�� ���$�5�3���� �L�Q�L�W�L�D�W�L�Y�H���� �Z�K�L�F�K�� �U�D�Q�� �E�H�W�Z�H�H�Q�� ���������� �D�Q�G�� ������������
sought to help the Bay of Fundy develop oil spill response plans for four pilot areas using a risk assessment 
methodology. The program included an evaluation of environmental sensitivities 
(https://www.tc.gc.ca/eng/marinesafety/oep-ers-arp-4473.html).  
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Quebec 

Marine traffic 

Marine vessel traffic, cruise ship anchorage close to the bays, and coast guard vessel traffic were some 
identified activities of concern for the region. 

 

Figure A. 6. Vessel transit heat map for the St. Laurence River. Map provided by Transport Canada. Note: 
information about vessel activity is based on Automatic Identification System (AIS) data, and 
therefore vessels that do not use the AIS system (e.g., small recreational boats) are not represented 
in this map. 

Concerns 

Several concerns relating to marine vessel activities were specified during the engagement sessions held in 
Quebec City on November 7 (First Nations only), and November 8 (stakeholders only), 2017. Of note, 
stakeholders voiced their concern about the effects of increased marine vessel traffic  in terms of noise 
effects and on, and collisions with Beluga Whales and other marine mammals, the risk of oil spills, light 
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pollution, marine heritage sites, vessel wastewater, climate change, the capacity of the St. Lawrence, 
dredging, effects of anchorage on wildlife, issues relating to abandoned vessels, invasive species 
introductions, and shoreline erosion from vessel wakes, among others (Government of Canada 2017b, 
IDDPNQL 2017). Overfishing of lobster with the onset of more visiting vessels to the Gaspe Peninsula is of 
worry (Government of Canada 2017b). The fact that different stressors would pertain to different valued 
components in distinct areas within the region was raised; For example, vessel traffic may predominantly 
affect fisheries in one area, while shoreline erosion is of priority concern in another area. Participants were 
also concerned about ensuring cumulative effects studies consider existing regional studies, and follow the 
framework of the Environmental Assessment Act (IDDPNQL 2017). Stakeholders asserted that water 
intakes, wastewater discharges, and their effects of erosion be considered (Government of Canada 2017b). 

There was concern that increased vessel traffic through the Seaway would lead in increased conflicts, safety, 
and access issues with the First Nations that utilize the areas near the river for fishing and recreation. 
Ensuring a balance is struck between mitigation efforts, like reduced vessel speed, and the ability of First 
Nations to engage in activities like fishing was raised���� �,�P�S�D�F�W�V�� �R�Q�� �)�L�U�V�W�� �1�D�W�L�R�Q�V�¶�� �F�U�D�E�� �I�L�V�K�L�Q�J�� �Z�D�V�� �D�O�V�R��
highlighted. It was recommended that information and data be collected with engagement of First Nations, 
and from several different communities to ensure varying points of view are accounted for (IDDPNQL 2017).  

Stakeholders were concerned about the spatial extent of the region of focus, suggesting that the fluvial areas 
of the St. Lawrence and Lake Saint-Pierre be included in analyses as these are areas in which significant 
port development is occurring, and that years prior to the construction of the St. Lawrence Seaways (1954) 
also be included in any temporal analyses. It was also suggested that a site in the Nunavik and/or Eeyou-
Istchee Baie-James areas be added to the roster of sites, but not included with the St. Lawrence site. They 
also recommended that the entire system be considered rather than just a portion of it (IDDPNQL 2017, 
Government of Canada 2017b, Transport Canada 2018). 

Valued Components  

Biological VCs identified for this region include: 14 aquatic and terrestrial plant species/communities, 16 
habitats including salt marshes, eelgrass beds, and protected areas, 4 marine mammals including Beluga 
whales, 5 terrestrial mammals including caribou, the rock vole, and the least weasel, 17 fish, 8 birds, 8 
invertebrates including coral and sponges, and 7 herpetiles including different species of turtles. 

One each of water quality, acoustic environment, ice conditions, air quality, and climate change, as well as 3 
sediment quality, and 3 visual environment valued components make up the physical VC category. 

Various social VCs are of relevance for this region, namely: 3 economic activities and development including 
tourism and commercial fisheries, 5 human health, safety and well-being considerations, 7 recreational, 
traditional, cultural and spiritual activities including birdwatching and recreational fisheries, 2 navigation 
safety, access, and use considerations, education, training and traditional knowledge transfer (1), land use 
(1), infrastructure and public service (1), cultural and archeological heritage (2), resource use, access, and 
quality (1). 

Current state of CE practice within the region 

Cumulative effects initiatives that have been or are currently being implemented in Quebec include phase 1 
of the multi-year characterization of coastal ecosystems work, which focuses on data collection in the marine 
estuary pilot zone, and the Canadia�Q�� �1�D�W�L�R�Q�D�O�� �$�F�W�L�R�Q���3�O�D�Q�¶�V�� �L�Q�L�W�L�D�W�L�Y�H�� �W�R�� �U�H�G�X�F�H���W�K�H���L�P�S�D�F�W�V�� �R�I���Y�H�V�V�H�O�� �Q�R�L�V�H��
and collisions with whales in the Gulf of St. Lawrence (Government of Canada 2017b, Government of 
Canada 2018d). 
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Southern BC 

Marine traffic  

High amounts of marine vessel traffic and increased vessel speed, which are linked to population growth and 
the associated increase in the number of pleasure boats and ferries, were noted as activities of great 
concern (One World Inc. 2017a). Dredging and fish farming are other noted activities of concern to 
stakeholders in the 2017 Vancouver forum (One World Inc. 2017a).  

 

Figure A. 7. Vessel transit heat map for the Vancouver area. Map provided by Transport Canada. Note: 
information about vessel activity is based on Automatic Identification System (AIS) data, and 
therefore vessels that do not use the AIS system (e.g., small recreational boats) are not represented 
in this map. 

A workshop held on October 23 and 24, 2018 in Victoria, BC, asked participants to identify the types of 
vessel activities they deemed to be most relevant. They identified accidental and operational discharges, 
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grounding/wrecking, movement underway and monitoring/sampling as the activities vessels contributed to 
the most across all the sectors of discussion (ferries, government and research vessels, shipping, military, 
tug and barges, commercial fishing, sports fishing, cruise ships, whale watching vessels, and recreational 
boats) (McWhinnie et al. 2018). 

Concerns 

During the South Coast Dialogue Forum in Vancouver (One World Inc. 2017a), stakeholders were most 
concerned about pollution from vessel emissions and vessel accidents (air emissions, oil spills, waste water 
discharges, vessel paint residuals, and natural disaster-related pollution from vessels), noise and light 
pollution, and physical disturbances of the shoreline and sea beds (shoreline erosion from vessel wakes) on 
human, environment, and endangered species health. Physical disturbances and pollution from dredging and 
commercial development, viral transmissions from fish farms, invasive species, litter from vessels, climate 
change, Southern Resident Killer Whale impacts from vessel strikes and effects to their food sources, and 
impacts of heightened vessel traffic on whale watching tours were also highlighted (One World Inc. 2017a). 

Concern about the spatial extent of the Port of Vancouver pilot site was also mentioned, and it was 
recommended that spatial boundaries extend beyond administrative boundaries, to include northern and 
southern coasts or even encompass the range of the Southern Resident Killer Whale (One World Inc. 
2017a). 

Ensuring First Nations maintain traditional territories and fishing rights, and reducing any economic impacts 
on First Nations and commercial fisheries were also mentioned. 

Process-related concerns voiced during the Vancouver forum included ensuring that coastal community 
knowledge is incorporated during data collection, t�K�D�W�� �D�U�H�D�V�� �E�H�\�R�Q�G�� �9�D�Q�F�R�X�Y�H�U�¶�V�� �S�R�U�W�� �E�H�� �L�Q�F�O�X�G�H�G�� �L�Q�� �D�Q�\��
baseline data collection to account for pollution levels already present in the area, and that the climate 
change effects might obscure interpretation of baseline measures made. Ensuring seasonality is reflected in 
collected data was also voiced (One World Inc. 2017a). 

Activities 

Valued Components  

A total of 140 individual biological valued components have been identified for Southern BC, the largest 
number of all six regions of focus. 40 fish including salmonids, 15 birds, 13 invertebrates including corals, 
sponges, and echinoderms, 32 plants, and 22 habitats contribute significantly to this number. Marine 
mammals (6) including several species of whale such as the Southern Resident Killer Whale, terrestrial 
mammals (3), and herpetiles (4) make up the rest. 

Physical VCs include water quality (6), acoustic environment (3) including vibrations and underwater/airborne 
noise, sediment quality (3), air quality (1), visual environment (4) including the visual effects of shipping, and 
landscape beauty, and natural resources (1). 

Six economic activities and development including tourism and commercial fisheries, 5 human health, safety 
and well-being considerations, 5 recreational, traditional, cultural and spiritual activities including recreational 
fisheries, 4 navigation safety, access, and use considerations, 1 education, training and traditional 
knowledge transfer, 3 land use, 8 infrastructure and public service, and 4 cultural and archeological heritage 
social valued components are of relevance for this region. 

Current state of CE practice within the region 

The Tsleil-Waututh Nation has performed cumulative effect assessments for the region, and have also 
�F�R�P�P�H�Q�W�H�G���R�Q���W�K�H���D�G�H�T�X�D�F�\�� �R�I�� �&�(���Z�R�U�N���D�Q�G���0�D�U�L�Q�H���6�K�L�S�S�L�Q�J���$�G�G�H�Q�G�X�P�����0�6�$���� �S�U�R�S�R�V�H�G���I�R�U���W�K�H���5�R�E�H�U�W�¶�V��
Bank Terminal 2 Project (Smith 2016) as well as the TransMountain Pipeline project. The Musqueam Indian 
Band have recently completed an assessment of the impacts of marine vessel traffic on access to fishing 
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opportunities (Nelitz et al. 2018). Additional CE work has been undertaken in Howe Sound (Campagnola, J. 
pers. comm).  

 

Northern BC 

Marine traffic 

Marine vessel traffic was the greatest activity of concern noted by the stakeholders during the North Coast 
Dialogue Forum held in Prince Rupert (One World Inc., 2017b). Boating, ferries, commercial fishing vessels, 
and shipping were the priority listed forms of marine vessel traffic that was of greatest concern. 
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Figure A. 8. Vessel transit heat map for the Prince Rupert area. Map provided by Transport Canada. Note: 
information about vessel activity is based on Automatic Identification System (AIS) data, and 
therefore vessels that do not use the AIS system (e.g., small recreational boats) are not represented 
in this map. 

Concerns 

Concerns about the effects of vessel-related water and air pollution, oil spills, vessels carrying liquefied 
natural gas (LNG), vessel noise and light, physical disturbances (vessel whale strikes, shore erosion from 
vessel wakes, anchorage scouring, invasive species), dredging, log booming, and climate change impacts on 
the wellbeing of human and marine life, as well as the health of the ecosystem as a whole were of highest 
priority for Prince Rupert (One World Inc., 2017b, OPP 2018a).  

Interactions between increased large vessel anchorage and First Nations fishing harvest and salmon 
wellbeing, abandoned vessels, and interactions of large vessels with smaller vessels, like fishing vessels, 
was also outlined as a concern for the region. Similarly, large vessel interference with First Nations Food, 
Social, and Ceremonial (FSC) fisheries near the Skeena estuary was articulated as an issue (One World Inc., 
2017b). Another notable concern for the region was that cumulative effects analyses should encompass a 
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greater geographic area, following the ecological boundaries rather than administrative boundaries, including 
the Skeena estuary, and extending to Haida Gwaii, the Southern tip of Alaska, and inland to lakes and rivers 
(One World Inc., 2017b).  

In addition to ecological and social concerns, process-related concerns regarding collecting data in a manner 
that is reproducible, engages First Nations, considers seasonality, and considers different community 
priorities for collection were also raised. It was also noted that historically collected data be included in 
cumulative effects assessments (One World Inc., 2017b). First Nations raised concerns regarding 
sensitivities when considering socio-economic aspects of studies in which they are engaged (OPP 2018a). 

 

Valued Components  

114 Biological VCs have been identified for northern BC, including the following: 38 aquatic and terrestrial 
plant species/communities including liquorice fern, bog cranberry, and several evergreen tree species, 18 
habitats, 4 marine mammals, 5 terrestrial mammals including grizzly bears and moose, 9 fish, 9 birds, 18 
invertebrates, and 9 reptiles. 

Physical VCs include water quality (4), acoustic environment (1), sediments quality (3), air quality (3), visual 
environment (2), and atmospheric forcing (2). 

In terms of social VCs, 3 economic activities and development, 4 human health, safety and well-being 
considerations including disease and drug consumption, 4 recreational, traditional, cultural and spiritual 
activities including shellfish farms, 2 navigation safety, access, and use considerations, 3 land use, 9 
infrastructure and public services such as power infrastructure and waste management services, and 1 
cultural and archeological heritage consideration are of relevance. 

Current state of CE practice within the region 

There are multiple cumulative effects initiatives that have been undertaken or are currently being undertaken 
�D�O�R�Q�J���%�U�L�W�L�V�K���&�R�O�X�P�E�L�D�¶�V���Q�R�U�W�K���F�R�D�V�W�� 

The Marine Plan Partnership (MaPP) developed a MaPP cumulative effects framework, and is working to 
continue to develop and refine it in the MaPP North Coast sub-region (MaPP 2017). As part of this work, the 
MaPP cumulative effects coordinator has worked within other cumulative effects initiatives, including the 
Cumulative Effects Monitoring Initiative (CEMI), the Metlakatla Cumulative Effects Management Initiative, 
and the Environmental Stewardship Initiative (ESI) - North Coast Cumulative Effects Demonstration Project 
(MaPP 2017). Also as part of this work, in 2018 a North Coast water quality monitoring strategy was 
developed, which is in the initiation and implementation stage (OPP 2018a).  

Through the federally initiated Cumulative Effects Monitoring Initiative (CEMI) in the Prince Rupert area, a 
2016 draft interim plan, and a detailed monitoring proposal were developed for the region (OPP 2018a). 
Beginning in 2014, the Metlakatla First Nation began the Metlakatla Cumulative Effects Management 
Initiative, which has involved characterizing priority values and associated indicators, establishing 
management benchmarks, and monitoring for the 10 identified values. 

The North Coast ESI project is focused on priority values within the Skeena region. It is one of five pilot ESI 
projects across the Province of BC, and the only one focused on the marine environment. It is a collaboration 
that includes North Coast First Nations, the Provincial government (Ministry of Energy, Mines and Petroleum 
Resources, and the Ministry of Forests, Lands, Natural Resource Operations and Rural Development), and 
the Marine Plan Partnership. To date they have developed pathways of effects models, indicators based on 
management goals, preliminary approach to assessment (including identification of thresholds) and have 
begun data collection using a preliminary monitoring plan.  
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Previous initiatives to assess cumulative effects in the Skeena estuary include the Pacific Salmon 
�)�R�X�Q�G�D�W�L�R�Q�¶�V�� �6�N�H�H�Q�D�� �5�L�Y�H�U�� �(�V�W�X�D�U�\�� �$�V�V�H�V�V�P�H�Q�W�� ���3�L�F�N�D�U�G�� �H�W�� �D�O������������ ), and the World Wildlife Foundation 
Skeena Cumulative Effects Assessment (WWF 2018). 
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Summary of available data 

Types of data used in Cumulative Effects Assessments 

The assessment of cumulative effects requires data connecting the activities and stressors to the Valued 
Components (VCs). Data requirements depend mainly on the type of assessment method being used. Data 
availability thus influences the choice of the assessment method. Strongly quantitative CEAs, such as those 
involving complex statistical models, require large and complex input datasets (Jones 2016). In addition, 
these datasets might need to be analyzed from various spatial and temporal scales.  

A wide range of types of data can be used in cumulative effects assessments, including quantitative or 
qualitative information, georeferenced data, traditional knowledge data, etc. These various data types come 
from a variety of sources, including: studies and reports, workshops, monitoring programs, field studies, 
outputs of modeling exercises, etc. 

Spatial data (i.e., points, lines and polygons) in the form of georeferenced information on the location and 
intensity of pressures (e.g., density of vessel traffic) and on the occurrence of ecosystem components (e.g., 
polygons representing the habitat distribution of a given species) are routinely used in spatial cumulative 
effects assessments (Korpinen and Andersen 2016). Even if the assessment is not spatially-explicit, some 
form of spatial data is usually included in most assessment methods. 

Lack of empirical information on stressors-receptors interactions is a common problem in cumulative effects 
assessments. One way to overcome this lack of data is by eliciting expert knowledge on certain aspects of 
the assessment; such as determining the vulnerability of marine ecosystems to multiple anthropogenic 
stressors (Teck et al. 2010) or analyzing the pathways of effects and assigning impact scores (Singh et al. 
2017). Expert knowledge is usually collected through surveys and/or technical workshops; usually in an 
iterative manner (refer to Section 6.2) 

Indigenous knowledge (IK), refers to the knowledge held by Indigenous groups who have a long relationship 
with the territories where they live, and the resources found in these areas. This type of knowledge is 
valuable, especially for providing a historic perspective in the absence of long-term scientific data. 
Specifically, one of the shortcomings of the ecological baselines in cumulative assessments is that the 
available data are usually recent and reflect the environment in a degraded condition as affected by historical 
impacts (Clarke Murray et al. 2014, Korpinen and Andersen 2016). In this context, traditional and local 
ecological knowledge can contribute to understanding ecological trends or define the reference or pre-
development conditions of the VCs (Clarke Murray et al. 2014).  

Data available for the CEMS Initiative 

Transport Canada is currently in the process of identifying data sources and collecting data sets that will 
inform and support the development and implementation of the CEMS initiative. This process is at a 
preliminary stage and the final data sets will be defined once the spatial and temporal boundaries and the 
priority Valued Components (VCs) have been established for each pilot region. 

So far Transport Canada has compiled a list of potential data sources based on a preliminary screening of 
available information (e.g., reports, contacts, other government departments and initiatives, etc.), data 
sources lists which have been compiled for other initiatives under the Ocean Protection Plan, such as the 
Marine Regional Response Planning (RRP) initiative; a regional strategy for marine pollution incident 
response planning and preparedness implemented by MaPP in the Pacific region. This preliminary list 
includes information sources potentially relevant for characterizing the VCs (e.g., habitat ranges, wildlife 
studies, protected areas, data sets on physical attributes such as ice cover and tides, etc.) and stressors 
(mainly vessel traffic data). 
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Some of the data sources identified for the Arctic include information on shipping trends and culturally 
significant marine areas, as well as socio-economic values from the monitoring committees. The Ocean 
Networks Canada has a monitoring station in Cambridge Bay from which data are made available online 
(Campagnola, J. pers. comm.). 

There are some initiatives at the national level that could provide data related to marine shipping, such as the 
Clear Seas Center for Responsible Marine Shipping, the Marine Environmental Observation, Prediction and 
Response Network (MEOPAR), or Ocean Networks Canada, which monitors ecological, physical and marine 
use parameters in both the East and Western coasts and in the Arctic. 

In general, data sources on social VCs are not well represented across regions as compared to biological or 
physical VCs. 

Through the engagement process with stakeholders in the pilot regions, potential additional sources of data 
are being identified. For example, the Green Marine Initiative in Quebec and the Working Group on Marine 
Traffic and Protection of Marine Mammals in the Gulf of the St. Lawrence (G2T3M) could provide useful 
insights related to the effects of underwater noise. The coastal ecosystem data collected through the current 
�³�F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q�� �R�I�� �F�R�D�V�W�D�O�� �H�F�R�V�\�V�W�H�P�´�� �V�W�X�G�\�� �Z�L�O�O�� �E�H available on the St. Lawrence Global Observatory 
website (https://ogsl.ca/en). 

Stakeholders from the Pacific region identified a number of entities that could have relevant data for the 
South Coast of BC during a South Coast Dialogue Forum in Vancouver (One World Inc. 2017a). These 
entities include the Canadian government, the British Columbian government, the United States Coast 
Guard, Islands Trust, the Port of Vancouver, the David Suzuki Foundation, Streamkeepers, the Vancouver 
Aquarium, Universities, and indigenous stewardship groups, among others (One World Inc. 2017a). Potential 
data sets from these sources include water quality data, vessel incidents, fish, wind and tides, climate 
change, and watercraft effects. 

For the Northern BC Coast, a number of data sources were identified during the North Coast Dialogue Forum 
held in Prince Rupert (2017). Data from the Canadian government, the British Columbian government, First 
Nations fisheries departments and traditional knowledge, the Tsimshian Environmental Stewardship 
Authority, the Marine Plan Partnership for North Pacific Coast (MaPP), the T Buck Suzuki Foundation, and 
�R�W�K�H�U���1�*�2�¶�V are included on this list (One World Inc., 2017b). A long-term Port of Prince Rupert initiative to 
collect water, air, wind, and noise data in 31 areas using emission stations around the Port, and through a 
partnership with ONC has been ongoing for some years (One World Inc., 2017b). Many of the data sources 
identified during this forum pertained to water and air pollution, fish stocks, noise, and historical data. 

 

Vessel traffic data  

Vessel traffic data are essential for assessing cumulative effects. This type of information is used as a 
measure of marine shipping activity in many assessment methods. It is also a critical input for various 
modeling approaches, such as for models predicting underwater noise propagation, oil spills or strikes with 
wildlife.  

The automatic identification system  (AIS) is a global tracking system that allows vessels to view traffic in 
their area and also to be seen by other ships. The information automatically transmitted by the vessels 
includes their location, speed and dimensions. Terrestrial and space-based receivers can also record AIS 
data. Canadian Coast Guard has a network of terrestrial stations for live vessel tracking within a distance of a 
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few nautical miles. Current and historical AIS data can also be purchased from corporations who own 
constellations of satellites that record this information. 

Being fitted with an AIS tracker is a requirement11 for ships bigger than a certain size (e.g., for ships over 300 
tons engaged on international travel and for ships over 500 tons that are not engaged on international travel). 
Fishing vessels and most recreational and research boats are therefore not covered as part of the AIS 
network (Figure A. 4 - Figure A. 8). 

 

 

Figure A. 9. AIS coverage across Canada (Source: Canadian Coast Guard). 

 

In areas where small vessels are the predominant type of ship, AIS data are not available. Erbe et al. (2012) 
identified this limitation for noise models that rely exclusively on AIS. In their study of cumulative noise in the 
west Canadian Exclusive Economic Zone, they use the Vessel Traffic Operation Support System (VTOSS) 
program of the Marine Communications and Traffic Services (MCTS) of the Canadian Coast Guard as an 
alternative source of information on marine traffic. 

Transport Canada has recently proposed amendments12 to the navigation safety regulations, including the 
requirement of AIS technology for passenger ships that carry more than twelve passengers or vessels that 
are more than eight meters in length and are certified to carry passengers. 

 

                                                   

 
11 http://www.ccg-gcc.gc.ca/eng/CCG/Maritime-Security/AIS#guidelines 

12 https://letstalktransportation.ca/navigation-safety-regulations 
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Appendix B: Summary of Review Papers 
As previously discussed, as part of Tier 1 we screened 20 review papers which compare and contrast 
specific methods and tools. Although these reviews have a different scope and goal than the present 
evaluation, it was informative to understand how other studies have framed and analyzed cumulative effects 
assessment methods and tools and the lessons that emerge from the literature. This section presents the 
key findings from the thirteen papers most relevant for this evaluation.  

 

Reference: Lerner, J. 2018. Review of cumulative effects management concepts and international 
frameworks. Prepared for Transport Canada under Contrac t T8080-170062. 

Overview:  At the request of Transport Canada, Lerner (2018) conducted a literature review of international 
cumulative effects management frameworks, including the assessment of CE, with a focus on marine 
shipping and coastal contexts. The literature review covered 262 documents, including academic papers, 
grey literature and seven case studies of implemented cumulative effects management systems (3 Canadian 
and 4 international). 

Key insights:  This study groups models and tools usually applied to analyze the cause-effect linkages 
between activities and valued components into four categories: causal frameworks (e.g., DPSIR, Pathways 
of Effects); ecological risk assessment frameworks (ERAFs); ecosystem models (e.g., Ecopath with Ecosim, 
Atlantis) and cumulative impact mapping. These four categories are not explicitly evaluated, but Lerner 
provides a set of qualitative criteria for assisting in the selection of a specific assessment method. These 
criteria include: resources available (i.e., data, time and cost), manageability, generality, realism and 
precision. 

 

Reference: Stelzenmüller, V., Coll, M., Mazaris, A. D., Giakoumi, S. , Katsanevakis, S., Portman, M. E., 
Ojaveer, H. 2018. A risk-based approach to cumulativ e effect assessments for marine management. 
Science of the Total Environment, 612, 1132- 1140 

Description: The authors review the common shortcomings and the challenges of cumulative effects 
assessments undertaken in marine environments, focusing specifically on the treatment of uncertainty in 
these studies. The authors reviewed 154 studies regarding their input data, methods and tools applied in the 
respective risk management process. They proposed a modified risk-based approach for CEA. 

Key insights : Each step of the CEA process demands different scientific analyses and expertise and, 
therefore, CEA studies usually involve a selection of methods adequate for each of the steps.   

 

Reference : Foley, M. M., Mease, L. A., Martone, R. G., Prahler, E. E. , Morrison, T. H., Murray, C. C., & 
Wojcik, D. 2017. The challenges and opportunities in  cumulative effects assessment. Environmental 
Impact Assessment Review, 62, 122- 134. 

Description : Foley et al. (2017) conducted a comparative study, through expert survey, to assess the state 
of CEA practice in marine and coastal environments in four jurisdictions with advanced environmental 
regulatory frameworks: California (USA), British Columbia, (Canada), Queensland (Australia) and New 
Zealand. The premise of the authors is that even though there have been significant scientific advances in 
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tools and methods for cumulative effects analysis, practitioners are still faced with significant challenges 
when implementing CEAs. The purpose of this review is to identify the main challenges and point to ways in 
which CEA practice could align with the best available science. 

Key insights : The main shortcomings affecting current CEA practice are, according to Foley et al. (2017): 
scoping impact metrics, identifying baselines, defining spatial and temporal boundaries and determining 
significance of the effects. The results of the expert survey indicate that CEA processes are complex across 
the four jurisdictions and practitioners struggle to find the data and tools they need to complete thorough 
assessments. 

 

Reference: Korpinen S. and Andersen J.H. 2016. A Global Review of Cumulative Pressure and Impact 
Assessments in Marine Environments. Front.Mar.Sci. 3 (153) . 

Overview:  This review aims to provide an overview of the methods and practices used in cumulative effects 
assessment in marine environments. The authors analyzed the similarities among approaches, the emerging 
best practices, and the ways in which these studies addressed common CEA criticisms. The review covered 
40 international cumulative effects assessments which had been published after 2000 and included, at least, 
two stressors. 

Key insights : The predominant assessment method of cumulative effects is spatial analysis based on the 
approach developed by Halpern et al. (2008) and involving the combination of spatial information on the 
intensity of the pressures/stressors with data on the distribution and characteristics of the ecosystem 
components. According to Kornipen and Andersen (2016) some of the key limitations in the current practice 
include the lack of benchmarks or thresholds for the pressures, which prevents adequate estimation of 
impacts, and the limited scope of the studies which do not cover the full array of pressures on marine 
ecosystems. 25% of the reviewed studies build on a conceptual model that systematically identifies all the 
linkages between human activities and impact on ecosystem components.  

 

Reference: Jones, F.C. 2016. Cumulative effects assessment: theoretic al underpinnings and big 
problems. Environ. Rev . 24: 187�±204. 

Overview:  In this review paper Jones (2016) assesses current practice in cumulative effects assessment 
(CEA) and documents with evidence from the literature the theories supporting (CEA) and the main 
challenges and problems found in implementation. 

Key insights : Jones (2016) argues that there is consensus on the steps of the CEA process. However, there 
is no agreement in terms of the best methods and tools to complete those steps. Science has advanced 
significantly in the CEA space. There are numerical models available for the assessment of effects. The 
reasons why CEA studies are still, for the most part, qualitative are not related to the state of the science but 
perhaps to the regulatory and administrative frames in which these studies are undertaken. 

 

Reference: Smith C.J., Papadopoulou K.N., Barnard S., Mazik K., Ell iott M., Patrício J., Solaun O., 
Little S., Bhatia N.and Borja A. 2016. Managing the Mar ine Environment, Conceptual Models and 
Assessment Considerations for the European Marine Strateg y Framework Directive. Front. 
Mar.Sci.3:144.  

Overview:  Smith et al. (2016) reviewed the use of conceptual models as part of the studies done under the 
European Marine Strategy Framework Directive. They focused specifically on the Driver-Pressure-State-
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Impact-Response (DPSIR) framework, which has been extensively used in Europe, and analyzed if this 
approach is relevant to organize and focus assessments in real marine situations.  

Key insights : The authors identified a number of challenges that prevent conceptual models turning into 
actual assessments: lack of data to validate the causal links between stressors and components, accounting 
for the interactions among stressors (e.g., synergistic, antagonistic, additive, etc.), pervasive uncertainty and 
low level of confidence in the predictions. The paper discusses other assessment approaches 
complementary to DPSIR: matrices, ecosystem models, Bayesian Belief Networks, and bow-tie approaches. 

 

Reference: Judd A.D., T. Backhaus, F. Goodsir. 2015. An effective  set of principles for practical 
implementation of marine cumulative effects assessment. En vironmental Science & Policy 54: 254 �±
262. 

Overview:  Judd et al. (2015) discussed the various definitions and conceptual framings of cumulative effects 
assessments and proposed an assessment framework based on the principles of environmental risk 
assessment. This risk-based approach involves screening the pathways according to their likelihood of 
exposure.  

Key insights : Methods based on spatial analysis or the mapping of cumulative pressures can help with the 
formulation of the problem, but they are not in themselves comprehensive cumulative effects assessments. 
The output of CE assessments should include the identification and evaluation of management options to 
address cumulative risks. 

 

Reference: Clarke Murray, C., Mach, M.E., & Martone, R.G. 2014. Cum ulative effects in marine 
ecosystems: scientific perspectives on its challenges a nd solutions. WWF-Canada and Center for 
Ocean Solutions. 60 pp.  

Purpose:  This review of the state-of-the-art knowledge and practice of cumulative effects assessment and 
management in marine ecosystems explores common challenges in cumulative effects assessment and 
discusses the models and tools developed to conduct this type of assessments. 

Key insights:  The authors distinguish between models, which are specialized and more science-focused, 
and tools, which are designed for a broader audience and generally applied to management decisions. Both 
are used to estimate changes in ecosystems based on known relationships between stressors and 
components. Depending on the main function they provide, Clarke Murray et al. (2014) distinguish among 
three categories of models and tools: i) visualization, including pathways of effects and spatial analysis 
methods; ii) assessment, as used to evaluate how stressors affect the valued components (e.g., oil spill 
models, ecological models, simulation tools, etc.); and iii) management tools and models, including tools that 
enable the assessment of alternative scenarios (e.g., EcoPath with Ecosim, MIMES, InVEST, etc.). 

Pervasive uncertainty and dynamic baselines are two of the main challenges in cumulative effects 
assessment. All assessments involve uncertainty, especially in terms of how stressors interact with each 
other (e.g., synergistic effects) and in distinguishing the relative contribution of stressors/activities to the 
impacts on receptors. There is a need for more research and systematic analyses at multiple scales to 
reduce or quantify this uncertainty. 

Setting the baseline according to current conditions is also problematic since it can lead to measuring 
change against an already degraded system. Clarke Murray et al. (2014) suggest eliciting traditional and 
local knowledge to define the pre-development or reference state of the ecosystem. 
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Reference: Center for Ocean Solutions. 2011. Decision Guide: Selecti ng Decision Support Tools for 
Marine Spatial Planning. The Woods Institute for the Env ironment, Stanford University, California  

Overview:  This report is a decision guide to help in the selection of spatially explicit decision-support tools 
for marine planning. The guide is the result of a series of workshops by the Center for Ocean Solutions and 
presents a selection of available marine planning spatial decision support tools. 

Key insights:  The guide describes 9 decision support tools which can support marine planning. The tools 
are classified based on their functions as they relate to the cycle of marine spatial planning (e.g., mapping 
and visualization, alternative scenario development and analysis, stakeholder participation, adaptive 
management and assessment, etc.). The authors argue that better accessibility for these tools is needed to 
promote their use in marine planning and assessment processes. 

Some of these tools can support the assessment of cumulative effects. One of the tools discussed is the 
Cumulative Impacts model; a tool developed by the National Center for Ecological Analysis and Synthesis 
(NCEAS) which uses spatial data and weighted expert opinion to predict cumulative impact scores across a 
region.  

 

Reference : Greig, L., C. Wedeles and S. Beukema. 2013. Evaluation  of Tools Available for Cumulative 
Effects Assessment for the Northwest Territories �± Literature Reviews: Models and Management. 
Prepared for Government of the Northwest Territories, Depa rtment of Environment and Natural 
Resources Wildlife Research and Management, Wildlife D ivision. 101 pp.  

Description : This review evaluates 12 models for the assessment of cumulative effects to caribou herds in 
the Northwestern Territories (Canada). The models were reviewed against nine questions, including 
considerations such as data needs, ease of use, interpretation of results, etc. Greig et al. (2013) also provide 
a comprehensive literature review of the variety of factors contributing to cumulative effects on the four 
caribou ecotypes in the NWT. 

Key insights : Model selection is linked to the management questions that the cumulative study seeks to 
answer. The best strategy to address questions related to cumulative effects on caribou in the NWT is a 
multi-tool/model approach that combines as necessary the best elements of models appropriate to a specific 
question.  

 

Reference : IFC (International Finance Corporation). 2013.  Good Practice Handbook Cumulative 
Impact Assessment and Management: Guidance for the Private Sector in Emerging Markets  

Description : This guidebook proposes a six-step approach for conducting cumulative effects 
assessments according to best practice in developing countries. The guide is not exhaustive and 
acknowledges that CEA is an evolving field. Rather than prescriptive, the authors describe each step and 
provide case studies, literature and resources to help users with the implementation of their studies. 

Key insights : According to this guide, assessment of cumulative impacts involves predicting the future 
state of the valued components as a result of the impacts from current, past and reasonably foreseen 
future developments. This assessment requires understanding the thresholds of the valued components; 
limits in their condition beyond which impacts can compromise the sustainability or survival of the 
components. In terms of types of assessment approaches, the authors identify four distinct groups: 
impact models, numerical models, spatial analysis using geographical information systems (GIS), and 
indicator-based approaches. 
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Reference: Canter L.W. 2008. Conceptual Models, Matrices, Networks,  and Adaptive Management �± 
Emerging Methods for CEA. Presented at Assessing and Managin g Cumulative Environmental 
Effects, Special Topic Meeting, International Association for Impact Assessment, November 6-9, 
2008, Calgary, Alberta, Canada.  

Overview : Canter (2008) discusses four types of methods (i.e., conceptual models, modified matrices, 
networks and adaptive management) that can assist with cumulative effects assessment (CEA). The author 
argues for the use of these methods as part of the CEA process and describes case studies in which these 
approaches have been used and the lessons learned from these examples. 

Key insights : The author distinguishes two broad categories of CEA methods according to their main 
purpose: identification and prediction methods. Identification methods are useful for scoping VCs, setting 
spatial and temporal boundaries, selecting VC-related indicators, and in communicating the results of the 
assessment. Prediction methods are critical to actually assessing the effects and determining their 
significance. The outcomes of these two processes (i.e., identification and prediction) can be integrated 
within a decision-making framework. A typical CEA study requires the selection of one or more methods to 
meet the study needs.  

 

Reference: �&�R�X�Q�F�L�O�� �R�Q�� �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �4�X�D�O�L�W�\���� �³�&�R�Q�V�L�G�H�U�L�Q�J�� �&�X�P�X�O�D�W�L�Y�H�� �(�I�I�H�F�W�V�� �X�Q�G�H�U�� �W�K�H�� �1�D�W�L�R�Q�D�O��
Environmental Policy Ac �W�´�����-�D�Q�X�D�U�\���������������(�[�H�F�X�W�L�Y�H���2�I�I�L�F�H���R�I���W�K�H���3�U�H�V�L�G�H�Q�W�����:�D�V�K�L�Q�J�W�R�Q�����'���&�������S�S��������-
57 

Overview : This guide discusses cumulative effects assessment under the United States National 
Environmental Policy Act. This reference provides guidance on how to conduct cumulative effects 
assessment, from scoping, describing the affected environment, and determining the consequences of the 
effects. 

Key insights : One of the sections of the guide discusses the methods, tools and techniques used for 
cumulative effects analysis. The authors group the methods into three functional groups: those that describe 
the cause-effect relationships between stressors and components (e.g., matrices, flow diagrams); those that 
analyze the trends in resources or stressors over time; and those that overlay landscape features to identify 
sensitive areas, distribution of components or features, etc. 
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