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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) XQGHU &DQDGDYV 2FHD Qrhe weRo ptévidels ReQonih@d@tions
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
&DQDGDTV ZDWHUV LQFOXGLQJ QHEHDPYWHKYHYWLYH DQG UHVSRQVH

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 sites?
FRYHULQJ DOO WKUHH. Rhe &irbt @darobtfie/ inki&ieVhas \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. ldentification of Valued Components (VCs), linkages

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

% 10 | Page
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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
UHFRPPHQGHG E\ /HUQHU WR TGHYHPDRKLBER DIVVOMVARQW WKRHR ONVW V
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]

* Understand the National Context: Identify vessel activities of concern and key stressors. |dentify h
factors to consider in the selection of appropriate geographic and temporal boundaries for the
regional studies. |dentify potential impacts fo Indigenous use.

* |nitiate the development of the Cumulative Effects Assessment Framework for Marine Shipping. J

{ e+Understand the Regional Context: Finalize the selection of valued components. Identify boundaries.
Determine the linkages between the identified shipping stressors and selected valued components.

* Collect and combine existing regional vessel, environmental, cultural and Indigenous use data.

« |dentify synergistic work. ldentify preferred CE methodology.

* Conduct the Regional Assessments: Implement preferred CE methodology in each region. Finalize
the Cumulative Effects Assessment Framework for Marine Shipping and application of the framework
to the pilot sites.

* |dentify actions needed: regional management strategies, mitigative actions and tools to mifigate
the potential effects of marine shipping. Evaluate the effectiveness of the Framework.

Figure 1.1. Phases in the process to develop a cumulative assessammmbrkaas outlined in the
Transport Canada Ocean Protection Plan Cumulative Effects 0é I8aipping presentation.

§ 11| Page
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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,
7TUDQVSRUW &DQDGunfass DQIE $H DY H Ueight step®/do not provide detail about what
occurs withinan uDVVHVVPHQWY VWHS

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, Stelzenmdller 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,
Stelzenmuiller 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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1. Identify spatial and temporal boundaries

2. |dentify and prioritize Valued Components (VCs) and
stressors of concern

3. Develop conceptual models of the relationships among
activities/stressors and VCs

‘ Refine
Il. Assessment thresholds

1. Assessment of current or reference condition

2. Assessment of pathways
3. Assessment of alternative scenarios

lll. Management ‘

1. Identification and implementation of mitigation options *

2. Define monitoring indicators and responsibilities

Figure 1.2This figure shows how the assessment step fits within a bi©Bdeframework. The Scoping
step is underway concurrently, led by Transport CanadinBorched by regional workshops
This report focuses on potential methods for the Assessment steparidgeivent step is will
beaddressed 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.qg., 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 ZKDW LV PHDQW E\ pODULQH 6KLSWHQWLDOLG VQWIHVY ¥R W\
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 empirical?> 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 PRVW &($ IUDPHZRUNV WKLV VWHSEMWD LW B QRINH® RXGV QHHFSHVMDMMN &W

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: *RULJLQDWLQJ LQ RU EDVHG RQ REVHUYDWRRE
[https://mww.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. ldentifying 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 LGHQWLI\ ZKHWKHU WKH FXUUHQW FRQGLYV
XQDFFHSWDEOHYT $V IXQFWLRQDO WHODHVIKROWGW. FV0 @ EH TXODRWAHIGH B\ W
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

X

X

Section 1 provides important background context which clarifies the nature of this report.
Section 2 describes our approach to completing the evaluation.
Section 3 describes the screening phase of our evaluation.

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

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.

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

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

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

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.
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2 Methods

2.1 Overview

The assessment of cumulative effects is a complex problem requiring consideration of multiple factors,
GLVFLSOLQHV DQG VWDNHKROGHUVYIRWH®YXL V, QF RRISSOHH laWR abgF FIR XMQWD Q
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

LQWR FRQWH[WXDO WKHPHV WKDWRKMHOKHIZO XD W RRRU N DHFRA IILADRHO\ 7UD
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 informatmkey 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&XPXODWLYH HIIHFWV LPSDFWV DVVHVVPHQW’ $ PDULQH VKLSSLQ
X 3&XPXODWLYH HIITHFWV LPSDFWV DVVHQW HRRW\VWPHRM & B EHOQWODLW R QF
X 3&XPXODWLYH HIITHFWV LPSDFWV™ SLRDULQH VKLSSLQJ" 3PRGHO

X 3&XPXODWLYH HIITHFWV LPSDFWV DVVHVVPHRRMOV 3 PDULQH VKLSSLQ
X 3&XPXODWLYH HIIHFWV LPSDFWV"™ EQWVHEY PUHR®P W R OHNLRW\ V \WRHIPY/
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3 PDULQH VKLSSLQJ’ SLPSDFWV HIITHFWV DVVHVVPHQW’

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

X

X

Citation: Full citation
Type of document: Paper, report, case study or tool
Overview: Brief description of the content of the document

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

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

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

VCs: valued components that were addressed in the analysis.
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evaluation.

Table 2.1. An excerpt from the preliminary Tier 1 summary spreadshestrishere
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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 2.2Evaluation criteria.

Category Criterion (rating) Description ‘
Spatial and temporal x Is the method applicable at the national and/or regional scale?
scale x Can the method be applied at different spatial and temporal

Relevance spatial scales?
(Low/medium/high)

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

Application of the x Are there multiple publications of applications of the method?
method x s the method considered 'best practice'?
Rigour Level of underlying x Is the method based on expert judgement, literature of studies in
(Low/medium/high) data/information 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?
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?

Feasibility

(Low/medium/high) 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

Data flexibility
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Category Criterion (rating) Description
available?
Accessibility X What is the extent of user knowledge required to conduct the
method?

Xx ,V WKHUH D 8VHUfV *XLGH WUDLQLQJ V

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

S i ? i ?
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.).

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 7UD QV SR U W niabagdmerd fhandate
over marine areas and resources.

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.

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)

Claude Comtois, Professor of Geography at the University of Montreal

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 2s 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
PHWKRGV 7RROV UDQJH LQ VSHFLILRMV\HIURP (&/S&F
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 ersus 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.

§ 23 | Page



ESSA Technologies Ltd.

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
FROODERUDWLYH SURFHVV LQ FKRRVL®J 9&DPKHKG YAR RIFRRN NIQWY \E HEIQL R R O
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
MPRGHOLQJ DSSURDFKHVY FDWHJRU\
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Figure 3.1Distribution 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.

Council on Environmental Canter 2008 Clarke Murray et al. 2014

Quality 1997 * Identification vs. prediction s Visualization
methods
* Questions, interviews and * Assessment
panels *  Conceptual models
* Management
*  Checklists *  Matrices

e Matrices * Networks analysis Lerner 2018

* Causal frameworks

*  Networks and system * Adaptive management
diagrams *  Ecological risk assessment
_ International Finance frameworks (ERAF)
*  Modeling =
Corporation 2013
*  Ecosystem models
+ Trend analysis * Impact models
*  Cumulative impact mapping
*  Overlay mapping and GIS *  Numerical models
* Special analyses: carrying *  Spatial analysis
capacity, ecosystem,
economic and social impact * Indicator-based approaches

Figure 3.2. Examples of categorizations of cumulative effects assessmedsiinethdhe 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 (Stelzenmiller 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 (Stelzenmdller 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.,
guantitative 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 cumufiiaots 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).

me (2000)

S
=
=
20
=
=
7z

Figure 4.2Heat map illustrating intensity of vessel traffic from The Scotiaif: A\n 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.
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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.
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Figure 4.3. Part of the Haida Ocean & Way of Life Map produpad af 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. ldentifying 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.).
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Figure 4.4. (A) Map of global cumulative human impact across 20 oceatemctges as well as four
maps of highly impacted regions (from Halpern et al. 2008), and (B) stpp&st 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 Montesi@Gaulation 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,
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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 2. 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*RULJLQDWLQJ LQ RU EDVHG RQ REVHUYDWRRE
[https://mww.merriam-webster.com/dictionary/empirical]
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Description

S8WLOL]|DWLRQ GLVWULEXWLRQWRQ@WH CAIDQHBDODVWERVGEWWRQLEXWIKH SO
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 parametric* 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.
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Figure 4.6Example of the summer core habitat of Southern Resident Killer Whalesedstisiadg kernel
density estimation, a non-parametric method (Worton 1989),edtimate 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
DVVHVVPHQW PD\ H[DPLQH WKH RYHUIODI RISDUWBHFXEDY VIWYHVVRU DQ
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 analysis® (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) s 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.

':;; LB:YEUW:sE®EL,;E<QE Y 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 fV UHSUHVHQW W K Irmate froht the larbaie,\Z  Hepnaskent the random effects, DQ 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
models® 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 yNEHV W { P R Gidglest. ahe\Wht lddequately 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.

5 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
SDWKzZD\V 7KH\ GRQTW KDYH W KH L\REPH DIEHRVWU G EWWYH EDXWVIXRP@W QG PD\
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
YDULDEOHYVY LQWR D VPDOOHU QXPE HD ORIH® FRIQHH G BOBMBIB@NItEMYd \DTE O H
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.

§ 42 | Page



Evaluation of Cumulative Effects Assessment Methodologies for Marine Stgppi

Phase 2: Draft Final Report
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 appsmathio determine the relative
likelihood each particular stressor was responsible for the declingeoffivar 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.
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 ldentify 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
guantitative 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.qg., 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, bootstrap’ 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.

" The term bootstrap is derived IURP WKH LGHD RI pSXOOLQJ PGNYHDKLXAS PFHWKKRG RRRWMVWHOLHY RQ FRPS
WR GR WKH pKHDY\ OLIWLQJY W QG3H Y M OB fRdmapVWisiurhOi,\ 180K F BbQistrapping 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
guantitative 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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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
PRGHOV KDYH EHHQ GHYHORSHG IRWIHWKHHO3DFLI 2N IHHLI®R G W( DD
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 2Y1HLOO HW DO

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.
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combined (Source: Cominelli et al. 2018).
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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-Il, 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.

Oil fate for T=1 to T=20 days for Location 1
Oil spill trajectories after T =1, 2, 4, 7, 14 and 20 days Location A: 34 19.6N, 34 18.5E
Location A: 34 19.6N, 34 18.5E 30

25-

oil at surface

Percent of ol spilt

*Location A

Length of coast affected by the oil spill (km)
&

oil dispersed
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Days from onset of oil spill ) Days from onset of oil spill C)

Figure 410. 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 probabilites of cHUWDLQ pGDQJHURXKVY HYHQW
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.
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Figure 411 Anchor arcs based on AIS vessel tracking data near the Port obtie(usstralia). 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 Canada® 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
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4.4.1.2 Valued Components

These models focus on assessing the state and the interactions among ecological® 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 (Plaganyi 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 (Plaganyi 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 (Plaganyi 2007), while other more recent model developments address the
whole socio-HFRORJLFDO V\VWHHPQ & HP R SHHO&

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 EwWE, ATLANTIS is much more data-intensive, takes much more effort to set
up and calibrate, and does not have a simple user interface.

EwWE 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.
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Figure 412 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 EwWE. Using a spatially-explicit modeling approach with Ecospace
(see more details in the spatially-explicit simulation models sub-section below), this study mapped the
VSDWLDO GLVWULEXWLRQV RIINVKG SIS VCGHROWLIWE Ot diirs [Eapppiris D Q
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.

® GN_LLn

DTR
hd @ NTR

<&
@ Harbour seals A
O PTR

Grey seals % Dolphins @\5 © Monkfish o
i La d |
Harbour porpoises Minke whales o o ds Whiti rgm =2 rge demersals

4Saithoe o Cod mature Sh rks @ POT
Rays

o =]
Haddock mature Gurnards Blue Whitin PooPcod Nephrops S Lobst
th el (&7 e
Flathoh GOMackerel er é agics

Other small fish O orway pout @ @ Edible crab o

=}
Cod immature e Mackerdl Hemng Sandeel Sprat Cephalopod © Dredges

3 @ Whiting immature
Haddock immature

Velvetcrab Crystaceans

Epif(é:ana
2 Large zooplankton Infauna O
g P Small zooplankton Scallops
1
Algae
Phytoplankton
Detritus

Figure 413 Ecopath model used in Harvey 2018. Nodes represent functional grou@smismsrin the
model, scaled to the biomass of the organism within the ecosystemic Teopls 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

FRDVW VHYHUDO VWXGLHV :LOOLDP BQGH2IRPXWHG RQ)DVVHVVLQJ VKLS
for whale populations in British Columbia. These approaches are spatially-explicit models which combine

spatial information on species abundance with shipping data (using AlS 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 414 :LOOLDPV DQOB92T+DUD
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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, SIMAP™, 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, PoOEs 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 415 Example of a single activity Pathways of Effects diagram for meaimgportation (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 (Patricio et al. 2016).

The DPSIR model is policy-oriented (Patricio 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) (Patricio 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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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) (Patricio 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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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; Stelzenmdiller 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.

Stelzenmiiller 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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level of vulnerability of UK marine landscapes and the values forottebifities (%) for
defined categories of the respective nodes. Source: Stelzenmdller H.al. 20

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
guantitative predictions, this model is useful as a policy screening tool (Walters et al. 1999).
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Figure 419 Example of biomass distribution maps predicted by Ecospace for sheofc@iunei
Darussalam, Southeast Asia, with red indicating high and bluetimglitsv 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.

Predator Distribution Forage Fish Distribution
led le§
e E ] Wi S ik
1e-07 0.0001 T

Figure £0: Graphic model outputs from SPRAT showing biomass distisbiaicdhe 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 Single-species models are relevant to understand how specific species might respond to

Component 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., EwWE) 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 Multiple pathways models are problem-structuring frameworks and can be applied to any

pathways combination of stressors and valued components (Patricio 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.
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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

Valued

Component

Pathway

Multiple
pathways

Figure £1 Multispace DPSIR cycles: A) Separate DPSIR cycles linked through a consuo: Pres
element (e.g., abrasion pressure from the activities of benthic traardicttpring, dredging,
etc.); B) Example of linked DPSIR cycles in a particular ecosystem withaindeparate
Pressures (P1-P3), each associated with discrete Activity types (Adured). (&lapted from
Smith et al. 2016).

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.

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.

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 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 (Patricio 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.
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Indigenous knowledge

Stressor
Methods reviewed in this section mostly deal with physical, ecological and technical parameters

Valued and the examples found in the literature do not include considerations related to indigenous

Component 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.

Pathway

Multiple Indigenous knowledge can be integrated in any of these modeling approaches. Especially

pathways 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 The development and application of these models is well established in the literature with
Component 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 Many of these models are applied at a conceptual level. For instance, Patricio et al. (2016) found

pathways 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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Valued
Component

Pathway

Multiple
pathways

Uncertainty

generally quantitative data displaying the results of simulations

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).

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.

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

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

Stressor
Valued
Component

Pathway

Multiple
pathways

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

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.

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

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

Valued
Component

Pathway

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.

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.

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 There is a wide range of complexity in these models. Depending on the specific objectives of the
pathways 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 In general, these models are intensive in terms of data requirements. PVA models, for
Component 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
ELRPDVV SURGXFWLRQ ELRPIELWRPIDWLRDWRR V XIRSW
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 As more data become available, specific interactions in the ecosystems can be better
Component qguantified (Lacy et al. 2017). In the absence of empirical data, models can use expert
elicitation to estimate parameter values, or can use sensitivity analysis*® to bound the problem.
However, the parameters themselves are fixed (e.g., biomass, growth and predation rates,

10 Bensitivity analysis is the study of how the uncertainty in the output of a mathematical model or system can be apportioned to
GLITHUHQW VRXUFHV RI XQFHUWBH@WD DF ANWW H® SOWV ~ >:Li® :KHQVIGHD W R GIHWOH POLPEW HG
manipulated to evaluate the outcome under alternative hypothetical scenarios.
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Pathway

Multiple pathways

Accessibility

Stressor

Valued
Component

Pathway

Multiple pathways

Cost

Stressor

Valued
Component

Pathway

Multiple pathways

etc.).

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.

One of the strengths of BBNSs 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 (Stelzenmdiller et
al. 2010). In general models allow the information to be easily updated with improved data
(Smith et al. 2016)

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.

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.

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

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.

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.

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.

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

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.
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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 Ecological model outputs can be difficult to interpret by non-expert audiences. There is a

Component 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.

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 (Patricio et al. 2016) and are valuable for communicating among
many stakeholders.

Multiple pathways

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) (Patricio 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.
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Figure £2. Example of a single-species model output. Mean projected Southernt Relgtevwhale
(SRKW) population sizes for scenarios with (from top to bottoranthropogenic noise or
contaminants; current Chinook abundance, noise, and PCBs; redumosk Ghcreased noise,
and additional threats of oil spills and ship strikes amatstil for low level impacts of future
industrial development; and these increased and additional thegatgigher 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 ewaluaiieria.

Evaluation Medium

criteria

All methods discussed in the detailed review are relevant or they would not have been

Relevance removed at the screenipg phase. However, some.methOQS were cpnsidered more usefl_JI
than others to the specific CEMS context. The rating of high, medium, or low reflects this
assessment.

Rigour Well documented in academic | Methods which have been General lack of
papers, case studies, etc. documented but they are less | documentation. The
Quantitative assessments that | standardized or are more method is not supported
account for uncertainty recent applications by a well-established

application

Feasibility The method is easy to Moderately complex, some Data-intensive complex
understand and interpret. expertise required. Some methods which require
There is flexibility in data flexibility in data needs. expert knowledge for
requirements and accessible their implementation.
tools

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 DQDO\VLY UDQN pORZY RQ IHDVLE[LIOKZWD @6 RDHIVA BRH PAHKH
H[SHUW VWDWLVWLFDO VNLOOV OPFOGNHCBO BHWSHAYDWY PRQW HF RV\YVB/RIPYT IR
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 5.2Comparative evaluation of assessment methods (coloring indicatesédywmedium = orange, and high = green)

Evaluation criteria

Category
Method Relevance Rigour Feasibility
Stressors | Mapping Useful for understanding the spatial vaj| Methods for mapping stressors are The method is intuitive in application and interf
of different types of stressors, especiall documented in peer-reviewed papers. H It can incorporate multiple types of data, wh
that the type and intensity of vessel relatively easy to collect. Compilation of data
differs spatially in Canadian waters. C skills and tools that are widely used. High
indigenous knowledge with this method
% Valued Mapping Useful for understanding the spatial cq Methods for mapping stressors are The method is intuitive in application and interf
% component of VCs, and along with stressor inforr documented in peer-reviewed papers. H It can incorporate multiple types of dats
> the exposure of VCs to different stre compilation of data requires skills and tools
.‘_g Can use indigenous knowledge wit widely used. Data collection can be costly if the
(‘;.;_ method. High already exit. High
Pathways | Cumulative impg A spatially explicit way to connect stre§ Cumulative impact mapping has been | There are multiple documented applications to
mapping effects on the underlying ecosystem| in many places with an approach that| applying it. However, with high data requir
limited data. May be useful depending| documented in peer-reviewed papers| requiring assumptions, there is complexity
assessment need. Although not comm( needs are high, which result in data lim| nuance of the application. It also requires co
other applications, could use indig| that require assumptions to draw concl| expert elicitation. Medium
krowledge with this method. Medium | Medium
Stressors Not Applicable. Can typically be directly measuneated dstough single stressor modete(sea 4)4
Valued Home-range Identify critical habitats. Medium Well documented use in academic g The method is intuitive in application and intery
componenty estimation Can account for uncertainty. High It is relatively flexible in terms of data requirem
" can incorporate a variety of sources of varyirsg
3 of precision. At a minimum the method r|
5 georeferenced observations for the VC of
= There are a variety of freely available software
3 support this method. High
? Habitat ~ Suitabili Identify critical habitats and predict s| Well documented use in academic g The method is intuitive in application and intery
< Modeling distributions. High Can account for uncertainty. High The analysis and data requirements are more
than for home-range studies. In additi
georeferenced observations of the VC, data
required for habitat at locations with and withot
present. Users require moderate statistical kn
Medium
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Category

Relevance

Evaluation criteria

Rigour

Feasibility

Pathways

Risk Assessment

Useful for identifying high priority pat
where the exposure and consequeng
high. As a scoping and prioritization tg
method is highly relevant. It is not well
to quantifying the actual functional res
of a VC to an activity or stressor. Me
High

Well documented use in academic ¢
however the method is less standardiz
less quantitative than many of the
analytical methods. Ad-hoc method;
sometimes used to address uncer
Medium

The method is intuitive in application and intery
It is relatively flexible in terms of data requirem
can incorporate a variety of sources of varyisg
of precision. High

Regression analys

Assess magnitude and nature of fun
relationships between stressors and \
well as identify the relative importar
different pathways (i.e., the drivers
system). High

The most established analytical m
discussed in this report. Well document
in academic papers. Can accoun
uncertainty. Given sufficient data this
preferred method to quantify relatior
High

Data intensive. Implementation and interpretg
challenging. Users require significant st
knowledge. Application to a single pathway
challenging (i.e., requires less data and is e
implement and interpret) than trying to evaly
relative importance of many stressors on a
VC. Low

Classification  al
Regression Trees
Forests

Assess magnitude and nature of fun
relationships between stressors and
High

A more recent development in the lit¢
but this approach is still well documer
academic papers. Bootstrap methods a|
to account for uncertainty. Medium

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

Principle
Components
Analysis

Identify the relative importance of di
pathways (i.e., the drivers of the sy
Primarily useful in this context to help
scope. Medium

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

Data intensive. Implementation and interpreta
be intimidating without statistical expertise.
medium?

Weight of Evidence

Identify the relative importance of di
pathways (i.e., the drivers of the sy
High

Well documented use in academic g
however the method is less standardiz
less quantitative than many of the
analytical methods. Uncertainty ma
addressed quantitatively or using g
approaches within some lines of eviden
not others. Medium

This method has intuitive appeal and is cong
simple yet can incorporate more rigorous inf
where available. The method can incorporate
of data sources varying in quality and quantity.
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Feasibility

Stressors

Highly relevant for studying the inten
specific stressors (noise, oil spills)
explore management scenarios. Mode
for a few stressors associated to n
shipping. High

These models are the outcome of
established research. They are
documented. Explicitly address unce
High

Extensive and specific data requirements. Usg
quantitative skills and subject knowledge. Co
include purchase of specific software. Medium

Valued
component

Single species

Useful for exploring scenarios and und
the response to stressors of a spec|
special importance (priority VC). Mediu

Well documented use in academic ¢
High

Requires extensive knowledge and data of th
species. Users need quantitative/statistical
Medium

Multiple species

These models focus on simul
trophic/predation interactions. Unclear
anthropogenic pressures. Low

There are multiple case studies and ac
papers documenting the applications o
models. Rigorous data treatment and
consideration of uncertainty. High

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

Ecosystems

Primarily used for fisheries manage
these models are starting to be app
account for other human activities. Hg
it is unclear how it would apply to
initiative unless the VC itself is an ecos
Low

Extensive literature on these models.
tools and methods available with s
documentation. Uncertainties are U
documented. High

In general, these are data intensive models 1
large data sets to calibrate and run the sim
Low

Modeling Methods

Single pathway

These models establish the intera
between stressors and VCs and can b,
to evaluate alternative scenarios. High

Well documented in the literg
Uncertainties (in the knowledge base ¢
predictions of the model) are well docur
High

Extensive and specific data requirements,
disciplinary teams with expert knowledge. Ca
include purchase of specific software. Medium

Multiple
pathways

PoE An explicit understanding of the causg PoEs are considered best practice. The| POE models can be developed by a rar
linkages between stressors and comp| of the evidence supporting the | stakeholders based on the data and kng
should underlie any model. High determines the level of uncertainty ( available. High

model. Medium

DPSIR Flexible problem-structuring approacl Limited practical application; This model is data flexible and it can be adapt
can be applied to a variety of contexts.| assessments are semi-quantitative. Me( available resources. High
oriented model. High

BBN Limited application to marine problen Uncertainty explicitly addressed. High | BBN models can combine empirical data an

these models are emerging as a solu

knowledge. High
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Category

Evaluation criteria

Relevance

data-limited contexts. High

Rigour

Feasibility

Spatially explicit

Holistic modeling approach that assess
implications of cumulative effects over
High

Case studies well documented in the lit¢
Uncertainty usually documented. High

These models require specific skills (spat
stochastic modeling) and are more data-intens
other multiple pathways models. Medium
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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
M*HQHULF $SSOLFDWLRQY ZH KDYH ®FRGAXP X@ W HRG WKH BHQYKRBO ,IQQ RMMHGHU
concrete and relevant examples of application for Transport Canada we have included a Bpecific example of

how the CEMS initiative might use methods in each category fThese 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 5.30verview of the application of the evaluated assessment methods

Category

Generic Application

Specific example of how the CEMS initiative might tisedsién each category

Methods and associat
Tools

Spatial

Analytical

Stressor

Map the location and intensity of n
shipping stressors

Using AIS data, vessel density information canddeleséfy in a spatially explicit
the magnitude of various stressors associated with omaenvay. By connecting
spatially explicit data with models related to sts#Brated stressor magnitudeg
then be examined along with locations of VCs geaigaplyical areas of concerr
example, underwater noise could be modeled baseénsitytted traffic, and t
information can then be overlaid with informationdigtoibiutien of marine mamm

Tools: ArcGIS, QGIS,
SeaSketch

Valued
Component

Map the location of observations

Related to the stressor example in the row abovk]aoaiene of marine man
observations and marine mammal critical habitat (adyd@fi@iedould be over
with vessel density information to identify geograghiclat@neern. This informg
can then inform where further work may be neediéal tanehor model effects.

Tools: ArcGIS, QGIS

Valued
Component

Determine the spatial distribution g
of interest.

Develop habitat suitability model
distributions can be predicted bas
habitat characteristics.

Observations on sea otters could be used to Eertdynéhranges during diffe
times of the year and during different times irctlwdé. lifais information could be|
to inform vessel movement decisions/restrictionsy telomiagathe most vulner
periods. If data allowed or funding could be seau@dtdang, additional ha
information could be used to generate a habitat suddéilityrhis would al
researchers to make predictions about spatialodsstiiblibcations without d
observations or under alternative future scenarios.

Methods: Utilization
distributigidabitat
Suitability Modeling

Tools: R programming
language, USGS HSI
software

Single
Pathway

Complete risk assessments to id
high priority areas or pathways whe
exposure and consequence are high

The CEMS initiative could undertake risk assessprenmit/ foiCs in each regio
identify the stressor-VC pathways where theerggledest. This would enable re
to focus more extensive monitoring and modeling @8antdler subset of priority
which are most vulnerable to the stressors obsarheggioa.

For example:

X In the Arctic a risk assessment could be usednioedetkich of the concg
(e.g., increased vessel traffic impacts to fogd sseadtby indigenous ped
and stakeholders are most at risk due to curreasedishipping activity.

X In the Bay of Fundy, risk assessment could bedewsthiioe which specie
concern are most at risk to oil spill events, a lesélifoy cancern in this regid

Methods: Risk assessn|

Tools: EcoFate

Single

Quantify the magnitude and nature

Quantifying the impact of movement underway on ibdeedingiés would helg

Methods: Regression

=
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Pathway

functional relationships between str
and VCs (i.e., pathways).

inform decisions around how much is too much. In snérg/ feaséonal relation
between a stress and an observed response incaVi@ear, i.e., there may be ti
points. In this example, it is possible that theréis awmber of disruptions thg
tolerated before a nest is abandoned. Once thieselfuelationships are quan
they can be incorporated into simulation models wlitthrrelive stressor sceng
to population or ecosystem level responses.

Tools: R programming
language

Multiple
Pathways

Identify the relative importance of di
pathways (i.e., the drivers of the sys

A weight of evidence approach could be used tihédpatifways of greatest cor
to beluga populations in the Saint Lawrence RiveuldTimgolve collecting the
available data on potential stressors (e.g., f@E#mscmil spills, tourism, ve
wastewater, climate change) and beluga populatiers. tive stressors stand
these can then be prioritized in future monitoringeding efforts. In addition,
information about the magnitude and nature of thal frelationship could
incorporated into future modeling or mitigation effsdsbesl in the single path
example.

Methods: Regression,
CART, Forests, PCA, V|

Tools: R programming
language

Stressor

Modeling the magnitude or distribu
the stressor associated with a par|
activity.

The impact of anchoring in Northern BC could beethvegtijst modeling

substrate disturbanBed pDQFKRULQJ IRRWSULQW®DWRBR
(e.g., tide, wind, current) and then using thisstahasserrent disturbance as w|
alternative future scenarios. This information couldVattaidevith VC or hal
distribution information to inform the magnitude of th@eimzaagle pathw
assessment).

Noise models: RAM,
RANDI, NONM, NEME}

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

Emissions: MEIT

Valued
Component

Simulate how a stressor or mu
stressors can affect an ecolg
component of the environment g
species, habitat or ecosystem scale

A life cycle model for salmon could be generatedpimpinidiom viability analyse
other words, various life cycle parameters (e.g.,sjuverdl) could be adjuste
evaluate the long-term impacts on the population.eThisutdodter be linked
stressor models to evaluate population level respafisgsatve managem
scenarios (i.e., single or multiple pathway models).

Method: Population
Viability Analysis (PVA)

Method/tools: ECOPAT]
with ECCOSIM (EwE)
Atlantis

Single
Pathway

Link stressors to specific compone
simulating the process by which €
occur from one linkage to the next g
particular pathway.

A single stressor model could be generated whichttiesgosigen and moveme
tankers at different times of the year in ordetifyoaid®s which are effectivel
longer available for fishing. This could then be eekgedrd model which desc
theoretical fishing opportunity (i.e., spatial and épeniogs or traditional use ar
The combination of these two models could be usesk toumsseé lost fishi
opportunities and possible future scenarios undeniiifetéon options.

Similarly, a pathway model can coamimelerwater noise propagation model
distribution model of sensitive cetaceans to aggeestthkimpacts of increased

Method: linkage of sing|
stressor and VC modelg

Tools: BMTSim model
Spill Impact Model
Application Package
(SIMAP)
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due to marine traffic. Vessel strike models opesiatdanveay, combining traffic
with the distribution of certain species to asséssftbellisons.

Multiple
Pathway

Problem-structuring frameworks th
be applied to any combination of str
and valued components to understa|
combined effect of multiple pathway
their relative importance

Under a DPSIR or BBN framework, multiple shippingtiwwagst (poise, risk
strikes, discharge, etc.) could be conceptualizgddantb assess their relg
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.

§ 79 | Page



ESSA Technologies Ltd.

Table 5.4. Selected case studies relevant for the CEMS initiative

Case

Category

Focus

Description

Short Citation

Study

Spatial

VC

Haida Marine Traditid

Knowledge Study

The Haida Marine Traditional Knowledge (HMTK) projededves liegesarch and docur
Haida culture, traditions and knowledge relatedaidati®widii marine area (CHN 2(
Interviews were conducted with individuals in the comosinitfeshom were Haida elder|
long histories of fishing and gathering as well asastrangHaida traditions. Interviews
recorded, transcribed, and the information wasnenter@atabase. Spatially explicit infor
was mapped and digitized. Maps were created thdtimfmmmpédgon from multiple intervig
about significant sites, fishing areas, and ecologésal Teatresult was reports with a plet
information about traditional harvesting areas, seassipattiarns, sites of cultural and hig
importance, and observations about species abnddzomdation trends.

CHN 2011b

Spatial

VCs

Mapping of ecological
socioeconomic VCs

The Marine Plan Partnership (MagtRgdaprocess between 17 First Nations and the Go
of the Province of British Columbia, created the MaPRaMBa@ntal to support discussion]
decisions related to marine planning on the coast @blBritbia. Data was compiled reld
ecological and socioeconomic activities/stressorgeagd $j@cies populations, habitats,
activities, etc), and mapped in a way that allowsdafong\activities/stressors and V
understand areas of overlap. The MaPP Marine Réafuiteetadiscusse&éattion 6.3.2

MaPP 2019

Analytical

VvC

First Nations monitoring
cultural sites on the coas
British Columbia

Coastal First Nations in British Columbia participgienaldvRaitoring System (RMS) in o
systematically collect data of interest to the ttagsribe@broader region. As part of the R
Nations have developed monitoring protocols, ondsofowkicbumenting the condition ¢
changes to cultural sites. The methods for asskssihgims are aimed at documentir
location and characteristics of the site, impactuthat the site across time, and threatg
site. Methods are consistent with those develwp&ddwrice of British Columbia for inve
archeological sites, and allow for qualitative #atvguar@asurements of condition and ch

Hoshizaki 201

BC Archeolog
Branch 2015

BC 2000

Spatial
Analytical

Pathways

Cumulative Impact Mappin
&DQDGDTV 3DFLIL

This study was undertaken to advance the understamdihigple stressors along B
& RO X P E L D 1 Wxiskrig Dagidnhal Lh@nirin (se data that was used ineliokesi dog
intensities of human activities, types of stressimg fiesultthe activities, relative imp
activities on habitats, and distances the efteatsercdén addition, expert judgement was
estimate vulnerability scores that allowed for dirllevig tf impact from stressors to s
habitat types. Using methods from Halpern et,ah ¢2@Q8ative impact score was produ
three habitat classes (benthos, shallow pelagiqy pethdgieg as well as a combined Sher|
authors discussed how cumulative impact maps canderigsigde areas for protectig
restoration and inform potential management interventions.

Ban et al
(2010)

Spatial
Analytical

vC

Summer core range for Souf
Resident Killer Whales

This study uses observations of Southern Residhakeidrom the British Columbia Ce
Sightings Network to estimate the summer core agaamsparametric approach kno
kernel density estimation (Worton 1989). Theylalyenfomeration from a regional noise m
top of the summer core area to identify where expose# is greatest.

Cominelli et g
2018
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Description

Short Citation

6 Spatial VC Habitat suitability model | The Pacific Salmon Foundation is in the process of defvabzinguitability model for salr vjjly
Analytical salmon in the Salish Sea the Salish Sea. Christensen,
pers. comm.
7 Analytical| VC USGS Habitat suitability it USGS provides canned Habitat Suitability IndeftWld&)tsacompute HSI values for s€ https://pubs.er
software species from field measurements of habitat varialiiase Thaglished HSI values for nun| usgs.gov/publi
species. ation
8 Spatial Pathways | Risk assessment of VCs to f The San Francisco Bay Food-Web Bioaccumulation Modeakoul&€8she spatial distrib| Gobas et a
Analytical in the San Francisco Bay of polychlorinated biphenyls (PCBs) concentraticmshwitbier of organisms (fish, man] 2010
/ Modeling birds, and invertebrates) that inhabit the San BanciShe results of this model can th
compared to threshold concentrations to establc#s intarceedance, and determin
associated exposure risk faced by VCs, and thenbliatme-related health risks humar
other species at higher trophic levels may face.
9 Analytical| Pathways | Risk assessment tool to eva| The European Union System for the Evaluation ofeSuBs#andS) is a computer-b| Manuilova 20C
/ Modeling exposure of VCs to air polluti| €cological risk assessment program that carries atibmiaggtissments in a systematic
first performs an exposure assessment based es e$timatentrations that may impact
components, including models that account for ties pfdperemitted substance, its distri
and the direct exposure of valued components déadt. itSperforms an effects asses
comprised of hazard identification and the relatioegnghsettose of the substance an
severity of its impact on the VCs. Finally, it chardrersk based on the outputs from the
based steps 1 and 2.
10 Spatial Pathways | GIS-based risk assessn The Plan4Blue project (SYKE Finnish Environmentaltifiséifute)51S-based risk asses§ Herkul et a
Analytical applied to marine ecosystem{ method that cumulatively assesses risk given thendistibwdémsitivity of VCs, and 2017
distribution of anthropogenic pressures. The olifextprejett is to identify best practices
sustainable use of marine ecosystems and resources.
11 Analyticall Pathways | EcoFate, a computer-bd EcoFate is a computer-based software that integeatesystem-based risk assessmq Gobas et a
/ Modeling software tool for ecosyst chemical emissions into a cumulative effects framevedikaheas simulate point, and| 1998
Eﬁgfnc:calnselﬁnisgiiissgegq point source emissions in freshwater and marine eqosystéimg lakes, rivers, and inlg
ecosystem assesses the impact of a specified concentrdtigarsé mm the whole aquatic ecosystem
sediment, and biota), baBsd WKDW FRQFHQWUDWLR Q ?¥ GI\\VHMH (
model also considers food-web bioaccumulation, humeksheaiith can be run using
dependent and steatigte scenarios.
12 Analytical| Pathways | Regression analysis and W The Cohen Commission Enquiry into the decline ofdfrasekdyie used a multiple regrd Marmorek et z

of Evidence approach to eval
effect of a variety of stressol
sockeye

analysis to relate each of 13 different stresffereno lde-stages of sockeye. A series of f
models were generated a-priori to evaluate altewtaiived felationships and potential intg
effects. The regression analysis was used withiweidgutgef evidence approach to evalu

2011

likelihood that each of the stressors was respotistotetline.
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Case Focus

Study

Category

Description

Short Citation

13 Analyticall Pathways | Random forest algorithm | Teichert et al (2016) used a random forest algo@thatedteyinfluence of multiple stresy Teichert et 4
identify dominant stressors| fish ecological quality in European estuaries. The emgistetithem to identify the don (2016)
fish in European estuaries stressors in the estuaries as well as investigateiréhef e relationships (e.g., ad

synergistic, or antagonistic).

14 Analytical| Pathways | Weight of Evidence approaq The Pacific Salmon Foundation used a weight of evidemte tappvaluate RiHRiver| Connors et 4
evaluate impacts of RERiver| Hydroelectric Projects and their Impacts on Salmesiich Bpish Columbia. 2014
hydroelectric projects
salmonids

15 Analytical| Pathways | Impact of marine vessel traff| AlS data on marine vessel traffic was analyzetifydtgubotation and size of areas whic| Nelitz et  al

Modeling access to fishing opportunitiel No longer available for fishing due to vesset uidfécent times of the year. This waj 2018

compared to fishery openings (defined by space amthitintep traditional territory g
Musqueam First Nation. Regression analysis was ustfgt tbequaagnitude of the impag
Musqueam fishing opportunities for salmon, crab, a@lLansfication of these relatisn
allowed the authors to both characterize thecondiéinh of impacts and evaluate pq
impacts under alternative development scenarioysihealsoalllowed the authors to asse
relative impacts associated with different typesisof Mas improved knowledge of the hig
current, and potential future conditions is ceticdlit the Musqueam to make inf
decisions about future activities.

16 Modeling | Stressor Cumulative underwater noisg This study used a cumulative noise modeling procetéungirte the contribution of vessell 2q1 HL O
to the ambient sound level distribution in the S&llskeded . (using the MONM model devi 2017
as part of the NEMES project) sound levels wetedcticalaluate the sound exposy
Southern Resident Killer Whales (SRKW) and ottiaunzaliniae Salish Sea.

17 Modeling | Stressor Assessing and mapping This case study presents a probabilistic model andrana@piods {RANDAM) which inteq aAulanier et a
underwater noise impacts the intrinsic variability and uncertainties of shippamgl nitsiseffects on marine habitats. | 2017

applied to assess the effects of changes in geapeund Arctic marine habitats

18 Modeling | Stressor Impacts from cumulative Based on a simple sound transmission model and dhip @), this study evaluate{ grpe et al. 201
underwater noise on killer wi cumulative underwater acoustic energy from shippiggtiCémadian Exclusive Economig

showing high noise levels in critical habitats foreehdzsident killer whales.

19 Modeling | Stressor Assessing substrate disturba| Using AIS data, this study attempted to evalmgtacthefianchoring off the coast of New pavis et al
from anchoring Wales (Australia) by analyzing the footprints iarferfefoby long-term anchoring activity 2016

seafloor
20 Modeling | VC Understanding cumulative eff This paper descri@population viability analysis of resident South Kiein\Wtealweste| | 5cy et al. 201
(single at the population level for So{ Pacific to explore possible demographic trajectoreegedaiivehimportance of anthropg
species) Killer Whales stressors.
21 Modeling | VC Effects of substrate disturbar] Raoux et al. (2017) applied Ecopath to assesactheofmynd farm development on the | Raoux et al
(ecosystem) on benthic communities structure of the benthic community; a pathwaydthz eppropriate to assess the effd 2017
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Short Citation

Description

Case | Category Focus

Study

anchorage or wreckage.

22 Modeling | VC Impacts of underwater noise | This study used a spatially explicit model (EwE/Ecaspatale the impacts of underwate| Harvey 2018
(ecosystem) the ecosystem level from shipping on predation behavior of harbor pombdisesvaluate how these effects
manifest in their biomass and trophic interactions spétiethar the community.
23 Modeling | Single Predicting impacts of vessel | Spatially-explicit model that combines spatial inforspzitiasoabundance with shipping williams and
pathway strikes for whales in the Pacii (using AIS or other marine traffic data sets) te @stimelative probability of whale-) 29+DUD
encounter using generalized additive models (GAMS).
24 Modeling | Single Assessing the risk of ship strf The 3MTSim is a socio-ecological model, developed fot aheeBamtestuary (Chion & Chion et al.
pathway in the Saint Lawrence estuary 2017), that simulates the movements of individiiDbaats rharine mammals (3D). Theg 2017
application of this model is to evaluate how altaffiatimariagement scenarios can imp
marine mammals and shipping activities in the area
25 Modeling | Single Evaluating the impacts of oil { This study applied the Spill Impact Model ApplicatietS?stAkay modeling tool - a coup| French-McCay
pathway across functional species gro| fate and effects model has been developed fanahieresti impacts to habitats, wildlif{ 2004
aquatic organisms resulting from acute exposureoib-pilted Exxon Valdez case study.
26 Modeling | Multiple Identifying relative importanc{ Stephenson and Hartwig (2009) used a Pathwegts ofdgfél to determine what activitiey Stephenson
Pathways | pathways using PoE have a potentially negative effect in the marinevecos$ytbte Beaufort Sea in the Yukon and Hartwig
Slope. 2009
27 Modeling | Multiple Assessing multiple pathways| This framework combines the development of concestuaitimibeebpplication of Baye Anthony et 4
Pathways | using a conceptual and Belief Networks to describe the linkages betwesnes&irdrivers, human activities and r4 2013
probabilistic model based on| pressures on ecosystem values for two key mariteensciostise Australian Great Barrie
expert opinion World Heritage Area: coral reefs and seagrasses.
28 Modeling | Multiple Modeling impacts on marine | Kelble et al. (2013) applied a Driver, Pressur&c8sgt#tem service, and Response | Kelble et al
Pathways | ecosystem services DPSER) conceptual model to the Florida Keys andd3ryn@drtegecosystem as a case st| 2013
illustrate how it can inform management decisions.
29 Modeling | Multiple Using Bayesian Belief Netw Ban et al. (2014) applied a Bayesian BelieSNesthondk to study the effects of multiple st Ban et ap014
Pathways | to assess multiple pathways | and multiple water management alternatives, to cotheréetstialian Great Barrier Reef.
30 Modeling | Multiple A Bayesian Belief NetwdI® | Stelzenmiiller et al. (2010) conBgNs method and Geographical Information Systes stelzenmiiller
Pathways | framework as a practical tool| visualise relationships between cumulative huraees, psesssitive marine landscape! et al. 2010

support marine planning

landscape vulnerability, to assess the consegfiepotential marine planning obje

and to map uncertainty-related changes in mamagasuat
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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).

World View

Social Institutions

Land and Resource
Management Syslems

Local
Knowledge of
Land, Animals

Figure 6.1. Indigenous knowledge is nested within indigenous managgetems, 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
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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 FRPPXQLWLHY KDYH OLYHG DORQJ &PPHCRYN. V& R PHNWUVW®E M
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 BBNSs, 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

WKH ILVKHUVY OLIHWLPH SDVW G GajdbuntaQdas owrRereralydats (hasédow U H Q
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.

% 85 | Page



ESSA Technologies Ltd.

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
XQFHUWDLQW\ SDUDPHWHUYV IRU HDFK UHVXOWLQJ pLPSDFW SURILOHVY

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: 'ULYHU : 6WUHVVRU : ,PSDFW RQ (FI
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 3ZHLJKW R Hipprdddibly 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
LQIRUPDWLRQ LQIRUPHG WKH GHDR EdgueRBRQMNciRIrgarze Yhe tase-Efféct
networks along axes (i.e., human activities, stressors or ecosystem services).
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Figure 6.2: Example of hive diagrams representing networks of patHiwagaai from a) climate change
and b) commercial fishing commercial fishing. These plots show driverscof(iompaxis)
leading to various stressors (lower right axis, connected raitigeo lines) and impacting
ecosystem services (lower left axis, connected with blue lines). The thitkeads lne
represents how many experts mentioned each link. The nodes along eachoey@niaes by
ranking the nodes with the highest number of linkages to the lowest {Imigirdr 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.

Minimal training or Minimal training and Expert users
technical expertise expertise but process
objectives must be set
in advance
InVEST ARIES ARIES
MarineMap Coastal Resilience Atlantis
Cumulative Impacts INVEST
Muiltipurposs Marine Marxan with Zones Marxan with Zones
Cadastre
MIMES MIMES

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

The Multi-scale Integrated Models of Ecosystem Services tool (Ml 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
*UDQWKDP ,W GRHV VR E\ DVVHVWWMEQHRM YHD YH{ DGFHW IDI@JaR® LW KPV D
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.orq).

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
GLPHQVLRQV RI uP DX UhhgrerRyalueD ThehinQdM Ihag bE&H 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 Atrtificial 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, GlS-based models
that map the value of ecosystem services, and performs a trade-off analysis to evaluate how
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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 7KH UHVXOWLQJ 3PDULQH SOD QHYN FRAOWLSGOHDODXMHE 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
guantitative scores for user-defined zones, based on the level of protection assigned to the areas.
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MaPP Marine Planning Portal

) ¥ Will McClintock ~
Marine Planning Partnership for the North Pacific Coast & admin »
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-~ for the sub-regon have been ranked by sum solution score and divided
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The score Is calculated as the average of the sum solution score for this
zone using Mapp Project Team high targets of 30%/50% and high clumping
{a boundary length modifier of 25.0). Sum solution results are the number of
times a planning unit is selected as part of a solution in 100 Marxan runs..
The Beundary Length Mocifier (BLM) is a parameter which affects the
'clumpiness’ of the reserve areas in the Marxan analysis. A lower BLM will
result in a more fragmented solution, while a higher BLM will result in a
more ‘clumped’ sclution.

Figure 6.4. Example output from the "Marine Planning Portal" shoviinthedSeaSketch map, and the
integrated Marxan analysis report. Image taken frbtips://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).
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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).

Assemble Assess Use Information to
nformation Information Make Decisions
« Spatial
e Empirical approaches ¢ Scenario
data analyses
collection » Analytical
» ‘approaches o Decision
e Expert Support
elicitation » Modeling Tools (DSTs)
approaches

Figure 7.1. A conceptual diagram, highlighting how a framework can helpeotgamizve assemble
information, assess information, and use information rtivea at management decisions.
Cumulative effects frameworks encompass all of these steps, and morieisNotelied that

et c%ofe'—e o' ™MZE1%F <o <o Z—FTtt —ett” SR OFe <. fZ tf-f

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 WZR H[DP S OEHNVMaW& Strategy

Directve” DQG WKH 3% & &XPXODWLYH (IITHFWV YXDPWHARSND WY SURMWLW KLX\GH
SULVN DVVHVVPHQW” LV D JHQHULF IUDPHZRUN

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) $ VHULHV RI GHVFULSWRUV Rl 3JRRG PHD@YIQUHR @ F R @ W /& PMNV
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 7.2The 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 7.3lllustration of Management Triggers as defined by the BC Cumulagees Efamework,
interim policy (Government of British Columbia 2017).
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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 assessmeetecdetded into a standard
risk assessment framework. Figure taken from Stelzenmuller et al. 2018.
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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).

7TKH QH[W VWDJH LV 3ULVN D QD O\ VEDNME LaKiskuHietQmiiad Han® tHer ddiduldive SU R
effects of those risks are established. Most risk assessments that operate within a CEA framework
accomplish this through GIS mapping and modeling VXFK DV W\ HtddelRg 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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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-LQIRUPHG ULVN YDOXHV ')29V HFRORJLFDO
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
gquantitative 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
MSUREDELOLW\ RI LPSDFWYT DQDO\VRPRFDAX ISRS K DWLRIQUWLPHD ULIPHVR DO G
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.

o0 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].

0 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].

0 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.

0 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.

% 100 | Page



Evaluation of Cumulative Effects Assessment Methodologies for Marine Stgppi

Phase 2: Draft Final Report
o Frameworks such as the EU Marine Strategy Framework and the BC Cumulative
Effects Framework SHUPLW &($TV WR H[SOLFLWO\ DGGUHVW®DQDJHP
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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.

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

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

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.

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.

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).

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.

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.

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.

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 assessmeuittste| CEMS initiative.

’Tciple‘ Description

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

the process

Focus on the It is not possible to assess everything. Scoping to a manageable set of priority VCs
essential (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 Where possible leverage existing work rather than starting from scratch. There are a
work 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 This may include model assumptions, data gaps or data uncertainty. Uncertainty may be
uncertainties 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
DSSOLFDWLRQ DV WKHUH LV QRW RQMLRRRRIURARAW K PGIW KRG HROUF kK RPRAVL\QLD
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?

% 104 | Page



Evaluation of Cumulative Effects Assessment Methodologies for Marine Stgppi

Phase 2: Draft Final Report
How much data is available over space and time? What is the quality of the data? Methods vary widely in
WKHLU GDWD UHTXLUHPHQWY DQG |IOBDYW.E WHTX\L Sétibhis@R/FRA2RNIR QV RQ
4.4.2). Ideally, there is empirical information about the VCs and the stressors so more sophisticated
guantitative 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

abouWw D 9& RU DUHD 7KH pIHDVLELOLW\ILRRPRBR GAWDE®HWKHD®LVFX)\
MFRPSOH[LW\Y DQG uDFFHVVLELOHWGTL IHY DOXW WSddiis R GRWIE® bridl IRU WK
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
dff HUHQW PHWKRGY FDQ EH IRXQG XQBHWARRMIZ2BERIMWIE FULWHULRQ LQ

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;
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
|nterpretability and communicability § 1RU WKH Y DUL RSewtiondHAR2 R RIB.¥ ahd)X.4.2 provides
more information for this consideration.

8.4 Path ForwardTo be completed postkshop

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.

Marine
Shipping

Identification of
activity, concerns
[~ and stressors,

which is part of
Phase 1, and
Steps1&2
n Identification
= of assessment
™ methods,
which is part
of Step 5

Identification of
components and
| pathways
(arrows), which
is part of Phase
2 and Step 4

Figure A. 1. The value of using a simple Pathways of Effects conceptuakraduketic organizing structure
for the cumulative effects framework is illustrated by aligning this genedel with the phases
and steps identified in the CEMS initiative. Note that valuedorwnis 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.
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; _ ;- - e —
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Dredging/ Disposal Aodoodll, Wrecking Operational Accidental Underway
at sea

Substrate Disturbance,

Substrate Disturbance,
Light, Noise, Vibration,
Aquatic Invasive Species /
Pathogens, Entanglement,
Visual quality, Scouring,
Contaminants

Aquatic Invasive Species,
Pathogens, Debris, Oils,
Grey water, Chemicals,
Contaminants, Emissions,
Sewage, Nutrient
Enrichment, Salinity,

Light, Noise, Vibration,
Aquatic Invasive Species,

Pathogens, Wake, Wash, Erosion, ‘

Strikes, Ice-breaking,
Entanglement / Entrapment,

Stressors

Visual Quality, Perceived risk,
Disruption to migration |
routes/nesting, military activities

Climate Change, Biotoxins

Hydrology, Erosion,
Sediment Accretion /
Release, Landscape changes,
Wood debris, Contaminants,
Change in behaviour

Oil spill/Contaminants, Cargo
release, Substrate disturbance,
Emissions, Bioaccumulation,
Garbage / Plastics release

Wake, Wash, Loss of gear, Loss of
resources/habitat, Entanglement,
Sediment Disturbance

Substrate Disturbance,

Light, Noise, Aquatic Invasive
Species, Debris, Cargo release,
Contaminants

Figure A. 2Activities and stressors identified during recent Transpodd@agngagement and from the
science advisory report by DFO (2015)
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Figure A. 3. General categories of valued components identiffeldior 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 lgaluit. At a

May 2018 workshop in Cambridge Bay, partLFLSDQWY LGHQWLILHG 3VXSHU EDUJHV ™ DV
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).

§ 117| Page



ESSA Technologies Ltd.

Cambridge Bay
Vessel Transits - All Vessel Types, Sept 2018
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Figure A. 4. Vessel transit heat map for the Cambridge Bay arepraMided by Transport Canada. Note:
information about vessel activity is based on Automatic fidatibn System (AIS) data, and
therefore vessels that do not use the AIS system (e.g., small recreativslahie not represented
in this map.

Concerns

During an Oceans Protection Plan (OPP) meeting in Igaluit 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).
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At an October 16-18, 2017 Transport Canada-KRVWHG ZRUNVKRS LQ 6W -RKQTYV
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/).
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Newfoundland

Marine traffic

Plancentia Bay
Vessel Transits - All Vessel Types, Sept 2018
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Figure A. BVessel transit heat map for the Placentia Bay area. Map providedirsport Canada. Note:
information about vessel activity is based on Automatic fidatibn System (AIS) data, and
therefore vessels that do not use the AIS system (e.g., small recreatitsichte 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
6W -RKQYTV 1HZIRXQGODQG RQ ODUFK

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

Bay of Fundy
Vessel Transits - All Vessel Types, Sept 2018
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Figure A. 6Vessel transit heat map for the Bay of Fundy area. Map prdwjidBansport Canada. Note:
information about vessel activity is based on Automatic fidatibn System (AIS) data, and
therefore vessels that do not use the AIS system (e.g., small recreatds)ahi®e not represented
in this map.

Concerns

A workshop was hosted by Transport Canada on January 25", 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

7KH &DQDGLDQ *RYHUQPHQWITYV $UHD 5R”AMIRDWHI3IZROQFK Q@D QP EHWIHHQ
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 Riveprdvigied by Transport Canada. Note:
information about vessel activity is based on Automatic fdabbn System (AlIS) data, and
therefore vessels that do not use the AIS system (e.g., small recrea@ds)ahie 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 ,PSDFWV RQ )LUVW 1DWLRQVY FUDE
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
(), infrastructure and public service (1), cultural and archeological heritage (2), resource use, access, and

quality (2).

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 CanadiaQ 1DWLRQDO $FWLRQ 30DQTV LQLWVWRIDWHYWWHWRQBHYX

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. Majedgroy Transport Canada. Note:
information about vessel activity is based on Automatic fidatibn System (AIS) data, and
therefore vessels that do not use the AIS system (e.g., small recrea@dsiahie 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 KDW DUHDV EH\RQG 9DQFRXYHUfV SRUW
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
FRPPHQWHG RQ WKH DGHTXDF\ Rl &( ZRUNQIBX® 008H. QU RKERYFHIA IREIGE K H
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 areprdvialed by Transport Canada. Note:
information about vessel activity is based on Automatic fidatibn System (AIS) data, and
therefore vessels that do not use the AIS system (e.g., small recreatitsiahi®e 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
DORQJ %ULWLVK &ROXPELDTV QRUWK FRDVW

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
JRXQGDWLRQYYVY 6NHHQD 5LYHU (VWXDU\ $V,Vadd/theP\WMdgdWVilditeFRdundaGonHW D O
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
SFKDUDFWHUL]DWLRQ RI FRDVWD @valbbl& ¥n he/ BtP Lavwweaice Globall @beensatdry
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
RWKHU are2ffclded 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  (AlS) 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 AlS
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 AlS tracker is a requirement!! 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. QAIS coverage across Canada (Source: Canadian Coast Guard).

In areas where small vessels are the predominant type of ship, AlS 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 amendments®? 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.

1 http://www.ccg-gcee.ge.ca/eng/CCG/Maritime-Security/AlS#quidelines

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: Stelzenmiiller, 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., &
Woijcik, 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 2204.

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., Patricio 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: &RXQFLO RQ (QYLURQPHQWDO 4XDOLWAH 3@ RO G KWDLEH U &\
Environmental Policy Ac W~ -DQXDU\ ([HEXWLYH 2IILFH RI WWRQ@UH& L G
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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