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The cumulative effects of increasing human use of the ocean and coastal zone have contributed to a rapid decline in
ocean and coastal resources. As a result, scientists are investigating howmultiple, overlapping stressors accumulate
in the environment and impact ecosystems. These investigations are the foundation for the development of new
tools that account for and predict cumulative effects in order to more adequately prevent or mitigate negative ef-
fects. Despite scientific advances, legal requirements, and management guidance, those who conduct
assessments—including resource managers, agency staff, and consultants—continue to struggle to thoroughly eval-
uate cumulative effects, particularly as part of the environmental assessment process. Even though 45 years have
passed since the United States National Environmental Policy Act was enacted, which set a precedent for environ-
mental assessment around theworld, defining impacts, baseline, scale, and significance are stillmajor challenges as-
sociated with assessing cumulative effects. In addition, we know little about how practitioners tackle these
challenges or how assessment aligns with current scientific recommendations. To shed more light on these chal-
lenges and gaps, we undertook a comparative study on how cumulative effects assessment (CEA) is conducted by
practitioners operating under some of the most well-developed environmental laws around the globe: California,
USA; British Columbia, Canada; Queensland, Australia; and New Zealand. We found that practitioners used a
broad and varied definition of impact for CEA, which led to differences in how baseline, scale, and significance
were determined. We also found that practice and science are not closely aligned and, as such, we highlight
opportunities for managers, policy makers, practitioners, and scientists to improve environmental assessment.
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1. Introduction

In many jurisdictions around theworld, resourcemanagers, govern-
ment agency staff, and consultants (collectively hereafter referred to as
“practitioners”) assess potential environmental impacts of human activ-
ities (e.g., development, resource extraction; hereafter referred to as
“projects”) through permitting or planning processes that require an
environmental impact assessment (EIA) to be completed. There are
four main components to most EIA. First, practitioners begin their anal-
ysis by scoping the types of project impacts thatwill be included in their
analysis. Second, practitioners designate a baseline (i.e., the condition of

the ecosystem relative to human impact at a designated point in time)
to compare ecosystem effects with and without the proposed project.
Third, practitioners constrain their appraisal by bounding the spatial
and temporal extent of potential impacts. And fourth, practitioners
determine if the project is expected to significantly impact the ecosys-
tem. The definition of significance varies by jurisdiction, but generally
refers to a substantial, unacceptable change in some component of the
environment compared to a baseline condition. As part of the EIA
process, some jurisdictions also require practitioners to analyze the
potential cumulative effects (as opposed to only the individual effects)
of the project on the environment.

The cumulative effects of human and natural stressors on ecosys-
tems are recognized as one of themost pressing problems facing coastal
and marine habitats around the world (Halpern et al. 2009, Ban et al.
2010, Halpern and Fujita 2013, Parsons et al. 2014, Rudd and
Fleishman 2014). Human stressors—the physical, chemical and
biological manifestations of human activities in the environment that
can affect the structure, function, or well-being of coastal and marine
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ecosystems—are increasing, in tandem with their potentially overlap-
ping effects on ecosystems (Halpern et al. 2015). Cumulative effects
can be produced in numerous ways: by a single activity repeatedly
producing a single stressor, a single activity producing multiple
stressors, multiple activities producing a single stressor, or multiple ac-
tivities producing multiple stressors (Fig. 1a) (Clarke Murray et al.
2014). The cumulative effects of overlapping stressors are of concern
because effects can interact in multiple ways, including additively
(total impact = sum of all impacts), synergistically (total impact N
sum of all impacts), or antagonistically (total impact b sum of all
impacts) (Crain et al. 2008, Darling and Cote 2008). In addition, the
cumulative effect of multiple stressors on coastal and marine systems
can have sudden, unanticipated effects, such as driving systems across
ecological thresholds—large, sometimes abrupt changes in a system
that are caused by relatively small shifts in human pressures or environ-
mental conditions (Huggett 2005, Suding and Hobbs 2009).

Cumulative effects analysis (CEA), sometimes referred to as cumula-
tive impact assessment, could be a powerful tool to manage and reduce
the cumulative effects of human activities on ecosystems if improve-
ments are made to the current state of practice (Duinker et al. 2013).
Previous research has identified the implementation challenges of CEA
(scale - Therivel and Ross 2007, impacts - Canter and Ross 2010,
significance - Schultz 2010, baseline - Prahler et al. 2014) and highlight-
ed the need for legal, scientific, and practical advances. While the
concepts of cumulative impacts are well described in the scientific liter-
ature and are often defined in legal requirements (Table 1), they are not
consistently applied in practice (Cooper and Sheate 2002, Ma et al.
2009a). In addition, much of the cumulative effects science that shows
how multiple stressors accumulate in the environment (Adams 2005,
Crain et al. 2008, Martone and Wasson 2008, Thrush et al. 2008, Coll
et al. 2012), where overlapping stressors occur (Halpern et al. 2008,
Selkoe et al. 2009, Ban et al. 2010, ClarkeMurray et al. 2015), and the ef-
fects of multiple stressors (Stelzenmuller et al. 2010, Yang et al. 2010,
Kaplan et al. 2012) is not translated into practical and accessible
guidance that the community of professionals conducting CEA can use.

Despite calls for changes to CEA (e.g., Peterson et al. 1987, Contant
and Wiggins 1991, Duinker and Greig 2006, Masden et al. 2010, Seitz
et al. 2011), there have been few improvements and most CEA do not
adequately capture potential cumulative effects (Cooper and Sheate
2002, Smith 2006, Duinker et al. 2013, OAGBC 2015). To improve the ac-
counting of cumulative effects, we need to know howpractitioners con-
duct CEA, and specifically how they assess and define impacts, baseline,
scale, and significance (Fig. 1b). Evaluating the state of CEA practice is
critical for determining how to address the key implementation
challenges and for aligning implementation with the best available
science.

We undertook a comparative case analysis in four regions around
the Pacific Rim: California, USA (CA); British Columbia, Canada (BC);
Queensland, Australia (QLD); and New Zealand (NZ) to determine
how practitioners currently conduct CEA and how the practice reflects
current scientific recommendations.Wewere interested in determining
if there was a relationship between the types of impacts a practitioner
included in their CEA (e.g., impacts from similar projects only, similar
impacts only, impacts to ecological components only) andhowbaseline,
scale, and significance were determined, and if practice varied based on
practitioner geography, role, and experience. We present results of the
comparative case study that examine key gaps in and relationships
between impacts, baseline, scale and significance in CEA, specifically
identifying broad-scale patterns in CEA practices, places where practice
and science are aligned, and opportunities to improve CEA efficacy
across geographies.

2. Methods

Our project investigated how CEA practitioners from four geogra-
phies around the Pacific Rim (California, USA (CA); British Columbia,
Canada (BC); Queensland, Australia (QLD); andNewZealand (NZ) tack-
le four primary challenges of CEA: (1) scoping impact metrics; (2) iden-
tifying baselines; (3) defining the spatial (geographic area of analysis)
and temporal (time frame of analysis) scales; and (4) determining sig-
nificance. These four geographies were chosen because their respective
jurisdictions have legal mandates requiring cumulative effects to be
assessed as part of the environmental review process. We chose this
level of analysis because this is the level at which CEA is practiced.
California, Queensland, and British Columbia have state/province-level
mandates for CEA that are more detailed than national mandates or
guidance, while New Zealand has a national mandate for CEA. There
are specific differences between the mandates each of these geogra-
phies uses, but the general framework for all of them is similar enough
that assessment methods are comparable across geographies.

To assess CEA methods, we first reviewed completed CEAs to deter-
mine themethods and tools practitioners use to address these issues. In
most cases, however, there was not enough detail in the analysis to
gather this information. To overcome this, we designed a survey
consisting of forty questions, including 33 multiple-choice and seven
open-ended questions (Appendix 1). The survey included questions
about respondent demographics (e.g., position as agency staff or
consultant), the legal basis for CEA, information used for assessment,
perceived challenges to conducting CEA, and opportunities for
improving CEA. The bulk of the survey focused on understanding the
types of information used for assessment, particularly for defining
impact, identifying baselines, defining spatial and temporal scale, and

Fig. 1. (a) Relationship between activities, stressors, and ecological components, illustrating how cumulative effects are generated viamultiple stressors frommultiple activities, including
the potential for interactive effects (dashed lines between effects arrows); (b) relationship between how impacts are characterized (by activity, by stressor, and/or by ecological
components – dashed lines) and baseline selection, spatial scale, temporal scale, and determination of significance. Fig. 1a modified from Clarke Murray et al. (2014).
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