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Cumulative Environmental Effects

Describing the loss of coastal wetlands along the east coast of the United States
between 1950 and 1970, Odum (1982, 728) explains:

No one purposely planned to destroy almost 50% of the existing marshland

along the coasts of Connecticut and Massachusetts . . . However, through

hundreds of little decisions and the conversion of hundreds of small tracts

of marshland, a major decision in favour of extensive wetlands conversion
- was made without ever addressing the issue directly.

It is not possible to determine the true significance of a project’s effects without
the consideration of cumulative environmental effects. Each additional disturbance
or impact, regardless of its magnitude, can represent a high marginal cost to the
environment. Cumnulative effects can be characterized as “progressive nibbling,”
“death by a thousand cuts,” or the “tyranny of small decisions.” In other words,
cumulative effects are the culmination of effects-—many of which can be individually
small and seemingly insignificant, such as seismic lines, pipelines, water withdrawals,
or the incremental filling of wetlands. Such characterizations are based on the notion
that a significant adverse effect can result over space or over time because of the cul-
mination of seemingly small and insignificant actions. For each action, the effects
are deemed marginal or relatively insignificant when compared to other types or
scales of change or disturbances. But over time, such seemingly insignificant effects
can result in significant cumulative environmental change (Gunn and Noble 2012).

Definition of Cumulative Effects

'The terms “cumulative environmental change,” “cumulative effects,” and “cumu-
lative impacts™ are often used interchangeably. Generally speaking, these terms all

refer to effects of an additive, interactive, synergistic, or irregular (surprise) nature, -

caused by individually minor but collectively significant actions that accumulate
over space and time (Canter 1999). There is no universally accepted definition of
cumulative effects, and various definitions have been proposed in the literature,
for example:
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the accumulation of human-induced changes in VECs across space and over
time that occur in an additive or interactive manner (Spaling 1997},

« the impact on the environment [that] results from the incremental
impact of the action [under review] when added to other past, present,
and reasonably foreseeable future actions (US Council on Environmental
Quality 1978);

s changes to the environment caused by an action in combination with other

past, present, and future actions (Hegmann et al. 1999).

Perhaps the most commonly used definition of “cumulative environmental effect”
is the one provided by the US Council on Environmental Quality (1997), which
characterizes cumulative environmental effects as:

«  thetotal effect, including direct and indirect, on a given resource, ecosystem,
or human community of all actions taken;

» effects that may result from the accumulation of similar effects or the
synergistic interaction of different effects;

«+  effects that may last for many years beyond the life of the action that caused
thern; _

o effects that must be analyzed in terms of the specific resource, ecosystem,
or human community affected and not from the perspective of the specific
action that may cause them;

« effects that must be approached from the perspective of carrying capacity,

thresholds, and total sustainable effects levels.

Gunn and Noble (2014), in a report commissioned by the Canadian Council of
Ministers of the Environment, indicate that jurisdictional interpretations of a “cumu-
lative effect” vary in scope—some being inclusive of social, cultural, and economic
aspects and others more restrictive in scope and focused only on biophysical aspects.
'They argue that ensuring a standard definition of “cumulative effect” requires that
the term be defined independently of the focus of concern, be it biophysical, social,
or economic or any combination thereof. In other words, whether a social or cultural
effect is included in the definition of a cumulative effect is a matter of jurisdictional
preference. Adding or removing any one or more of these components does not
change the core definition of what constitutes a “cumulative effect”—it changes only
what must be considered within the scope of assessment in that particular jurisdic-
tion. Based on a review of Canadian and international legislation, policies, regula-
tions, and guidelines, Gunn and Noble (2014) suggest a set of mutually supportive
definitions for cumulative effects concepts, with each definition nested within the
context of the previous:

«  Cumulative effect: a change in the environment caused by multiple
interactions among human activities and natural processes that accamulate
across space and time,
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. Cumulative effects assessment: a systematic process of identifying,
analyzing, and evaluating cumulative effects.

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

Sources of Cumulative Effects

The Canadian Environmental Assessment Research Council {1988) suggests that
cumnulative effects can occur when impacts on the biophysical or human environments
take place frequently in time or densely in space to such an extent that they cannot be
assimilated or when the impacts of one activity combine with the activities of another
in a synergistic manner. This suggests that a variety of different sources of change
contribute to cumulative environmental effects (Table 11.1}. Consider, for example,
the total downstream effects on water quality and fish resulting from upstream point-

source and non-point-source stress in a watershed (Figure 11.1}, including;

Table 11,1 Sotirces of Change That Contribute to Cumutative Envirohmental .

Effects .m0

Source of change

Characteristics

Example

Space crbwding

Tirne crowding

Time lags
Fragmentation

Cross-boundary
movement

Compounding

Indirect

Triggers and
thresholds

High spatial density of activities
or effects

Fvents frequent or repetitive in
time

Activities generating delayed
effects

Changes or interruptions in
patterns and cycles

Effects occurring away from the
initial source

Multiple effects from muitiple
soUrCes

Second-order effects

Sudden changes or surprises
in system behaviour or system
structure

Multiple mine sites in a single
watershed

Forest harvesting rates
exceeding regeneration and
reforestation

Human exposure to pesticides

Multiple forest access roads
cutting across wildlife habitat

Acid mine drainage moving
downstream to community
water supply systems

Heavy metals, chemical
contamination, and changes

in dissolved oxygen content
resulting from muiltiple riverside
industries

Decline in recreational fishery
caused by decline in fish
populations due to heavy-metal
contamination from industry

Collapse of a fish stock when
persistent pressures from
harvesting and environmental
stress result in a sudden change
in population structure
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Figure 11.1 Sources of Cumulative Environmental Effects in a Watershed

« increased sedimentation due to forestry activity;

« alterations in flow at a hydroelectric facility;

»  increased methyl-mercury concentrations caused by reservoir flooding;
«  bank erosion at a transmission line crossing;

»  water withdrawal and discharge from heavy industry;

»  septic leakage from residential areas;

s urban storm water runoff as a result of surface imperviousness;

nutrient loadings from agricultural runoff; '

s pharmaceuticals and other chemicals from industry and manufacturing,

The total environmental effect of all of these activities, combined with larger-scale
stress caused by climate change and transboundary effects acting on a single VEC,
such as fish or water quality, is a cumulative environmental effect. The problem is that
not all of these point and non-point sources would be subject to E1A, and certainly
few assessments ever would consider non-point sources of stress or capture the point
sources from headwater to mouth.
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Types of Cumulative Effects

While multiple types of activities and impacts can lead to cumulative environmental
change, it is often useful to characterize the different types of cumulative effects.
Such characterizations can help in the communication of cumulative effects issues
and in identifying cumulative effects management measures—such as setting limits
or maximum levels of allowable change. Based on Peterson et al. (1987), Sonntag

etal. (1987), and Hegmann et al. (1999), four broad types of cumulative effects can
be identified:

1. Linear additive effects. Incremental additions to, or deletions from, a
fixed storage where each increment or deletion has the same individual
effect.

2. Amplifying effects. Incremental additions to, or deletions from, an
apparently limitless storage or resource base where each increment or
deletion has a larger effect than the one preceding.

3. Discontinuous effects. Incremental additions that have no apparent
effect until a certain threshold is reached, at which time components
change rapidly with very different types of behaviour and responses.

4. Structural surprises. Changes that occur as a result of multiple
developments or activities in a defined region. They are often the least
understood and most difficalt to assess.

Pathways of Cumulative Effects

Cumulative environmental effects result from different combinations of actions or path-
ways that consist of both additive and interactive processes. Peterson et al. (1987) present
a classification of functional pathways that lead to cumulative environmental effects
(Figure 11.2); each pathway is identified and differentiated according to the sources of
change and type of impact accumulation. An example of pathways that lead to cumu-
lative effects is illustrated by the Cold Lake oil sands project in Alberta (Box 11.1).

Pathway 1 Pathway 2 Pathway 3 Pathway 4
Slowly Multiple Synergisti
o Magnification ynergistic
Dissipative 9 Impacts Relations
additive \ / Interactive  additive \ / interactive
Persistent additions Compounding effects
from one process involving two or more
processes

N /

Pathways leading to curnulative effects

Figure 1L.2 @ Pathways Leading to Cumulative Effects

R
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Box 11.1 Cold Lake Oil Sands Project Cumulative Effects
Pathways

The Cold Lake oil sands project is a heavy oil facility in northern Alberta.
Approximately 2500 wells are currently operating in the region. The Cold Lake
facility is at present the second largest producer of oil in Canada. In 2003, the
Cold l.ake operations accounted for 10 per cent of Canada’s crude oil pro-
duction. Qil deposits are located in sand deposits approximately 400 metres
below the surface and are extracted by a steam recovery process that injects
high-pressure steam into the reservoir to separate the sand and cil. Wells
are drilled and steam injected via clusters of vertical and directional-drilled
wells, organized onte large surface pads. In 1997, the proponent, Imperial Qil
Resources Limited, propased to expand its operation in the Cold Lake area with
the development of a centrat plant and additional production wells. A total of
35 impact modeis were contained in the EiA to assess the cumulative effects of
the project on surface water quality, including the additive effects of roads and
facilities (well pads} on sediment and contaminant levets in nearby water bodies.

Cumulative impact statement:

» Operaticn and maintenance of roads and facilities will result in the gen-
eration of sediment and transport of contaminants to receiving waters.

increased sediment and contaminant
ievels in receiving water bodies

T (4
_—
Increased runoff (3) Sediment generation and mobilization of
T (2] contaminants via surface flow
Soil compaction T (1by
T {1a) Operating facilities
{(production pads and plant)

Roads

Pathways:

la. The operation and maintenance cf roads will lead to compaction
of the roadbed.

1b. Operation and maintenance of pads and plant facilities will result in

the generation of sediment and mobilization of contaminants via

cverland flow from these facilities.

Compaction will cause an increase In surface runoff from the road.

increased runoff from roads will result in erosion of exposed soils,

resulting in an increase in sediment generation and transport. Soluble

coniaminants from the rcad and the roadbed will be transported

atong with the sediment.

4. Increased sediment and contaminant transport will result in higher
levels of these parameters in receiving waters, which will result in a
decline in surface water guality.

w1

Sources: Based on Hegmann et al. 1999, Imperial Oil Resources Lid. 1997,

y
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Single-Source Perturbations
Pathway one results from the persistent effects of a single project on a particular
environmental component, such as repeated changes in water temperature resulting
from a reservoir development. When any single activity has multiple effects, potential
interactions between them may create cumulative effects. Pathway two is character-
ized by a single activity, but the effects accumulate synergistically. For example, the
creation of a reservoir can change water temperature, lower dissolved oxygen content,
and lead to heavy-metal contamination. While each of these effects can individually
affect aquatic life, they can also accumulate in such a way that the toxicity of certain
contaminants is multiplied because of high water temperatures and low dissolved
oxygen content (Bonnell 1997),

Accumulation of Effects from Two or More Projects
Pathway three occurs when the environmental effects of multiple actions accumu-
late in an additive manner, as would be the case with the development of multiple
reservoirs in a river basin. Although no interaction occurs between the effects of
individual projects, they collectively result in significant impacts on aquatic resour-
ces. Pathway four occurs when these multiple effects do interact in a synergistic
manner. For example, each project may alter water temperature, change dissolved
oxygen content, and introduce heavy metals, thereby contaminating aquatic life, but
the impacts from the interaction of these effects across all projects would be greater
than the sum of the individual project impacts (Bonnell 1997).

Modéls of Cumulative Effects Assessment

Cumulative effects assessment (CEA) refers to the systematic process of identifying,
analyzing, and evaluating cumulative effects—that is, identifying environmental
effects and pathways in order to avoid, wherever possible, the potential triggers or
sources that lead to cumulative environmental change (see Spaling and Smmit 1994).
Good CEA is focused on the condition of environmental receptors and whether
the total effects via all stressors in a project’s regional environment are acceptable,
including the potential additional stress caused by the proposed project. There are,
however, two broad and often competing models of how this should be achieved:
effects-based and stressor-based models.

Effecis-Based CEA

Effects-based CEA'is focused on assessing existing environmental conditions relative
to a reference condition and is typically retrospective in design—what has happened.
Examples include environmental effects monitoring programs (see Environment
Canada 2010; 2011) and ecological modelling and baseline studies (see Culp, Cash,
and Wrona 2000; Munkittrick et al. 2000; Dubé et al, 2006; RAMP 2010). The strength
of effects-based approaches is in measuring the accumulated environmental state of a
system and identifying whether performance indicators are at or below an acceptable
level (Dubé and Munkittrick 2001). Doing so can inform the identification of thresholds
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and help to inform risk assessment processes that, in principle, support decision-
making about the impacts of development. Emphasis is on understanding the total
effects on a particular VEC from all sources of stzess (point, nog-point, direct, indirect)
and comparing these effects to some reference condition in order to determine an actual
measure of cumulative change, irrespective of the number and nature of the impacts
causing that change. Under this model, the focus of cumulative effects shifts away from
the individual project and its localized stressors to allow for questions of a broader nature
related to ecological thresholds and synergistic effects. The underlying premise of this
approach is that cause-effect relationships can be established through long-term mon-
itoring, which can then be used to predict cumulative impacts. According to Spaling et
al. (2000}, however, rarely under this sort of frameworlk is there authority to implement
recommendations or to carry forward CEA findings to specific project-based assess-
ments. Many effects-based CEA studies are “one-ofls,” disconnected from regulatory-
based development decision-making (see Sheelanere, Noble, and Patrick 2013).

Stressor-Based CEA

Stressor-based CEA is prospective in design—what might or could happen. the
focus is typically on quantifying current (and, in some cases, past) levels, types,
and distributions of human disturbance in the project’s environment {e.g,, industrial
footprint, road densities, habitat fragmentation) and then projecting disturbances,
caused by the project and other sources of human actions, into the future under
different scenarios of resource use or development. Attention is placed on predicting
the cumulative stress associated with particular agents of change—such as different
projects or types of disturbances. This involves an analysis of the distribution and
rates of change in disturbance in the baseline and predictive modelling of future
disturbance patterns. The assumption is that stressors and VEC response can be
correlated or that stressors are a good proxy for threats to VEC sustainability.

Good CEA

Both the effects-based and the stressor-based approaches are useful, but each offers
a different type of understanding of cumulative effects—the first from the perspec-
tive of change in the receiving environment, the second from the perspective of
change in human disturbance or stress to the environment. If the role of CEA is
solely to understand the accumulated state and set thresholds through monitoring,
then further development of effects-based models is required. If the role of CEA is
to guide decisions aboui the potential implications of proposed land and resource
use, then further development of stressor-based models is required. Arguably, good
CEA requires both effects- and stressor-based approaches. As Duinker and Greig
(2006) report, dwelling on the past is useful but only in the sense of possible learning
about interactions, knowledge that can be used to sharpen predictive analysis for
the future. At the same time, focusing solely on the future is usetul only if we are
able to understand the implications of future environmental change, which is often
based on learning from the past and understanding thresholds or limits of change.
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Good CEA must focus on understanding the accumulated environmental state and
human stressors—past, present, and future.

Framework for the Application of CEA

The notion of cumulative environmental effects is not new to EIA, and the terms
“cumulative impacts” and “cumulative effects” actually dppeared in many national ETA
guidelines and faws during the early 1970s. The US Council on Environmental Quality
(1978), for example, suggested that project impacts on the environment could interact
with other past, present, and reasonably foreseeable actions to generate collectively
significant environmental change. It was not until the late 1980s, however, that cumu-
lative effects started to receive any real attention in EIA. In Canada, CEA emerged
on the scene in the early to mid-1980s as a priority of the Canadian Environmental
Assessment Research Council (CEARC). Federally and provincially, CEA is now an
accepted part of most assessment systems and is mandatory at the federal level for all
ElAs conducted under the Canadian Environmental Assessment Act, 2012.

Section 19(1)(a} of the Canadian Environmental Assessment Act, 2012 requires
that an EIA under the act take into account the environmental effects, including
cumulative environmental effects, that are likely to result from the project in combin-
ation with other physical activities that have been or will be carried out. Cumulative
environmental effects must be considered when determining the significance of a pro-
ject’s impacts and in the design of mitigation and follow-up programs. The Canadian
Environmental Assessment Agency’s {2013) Operational Policy Statement outlines
the general requirements and approach to CEA under the Canadian Environmental
Assessment Act, 2012 and suggests that CEA include an initial scoping, analysis,
identification of mitigation measures, determination of significance, and follow-up.

There are a variety of frameworks that present steps or phases for CEA {e.g. Ross
1998; Hegmann et al. 199%; European Commission 1999; Canter and Ross 2010;
Gunn and Noble 2012), including the Canadian Environmental Assessment Agency’s
(2013) Operational Policy Statement. Regardless of the number of steps identified or
their labels, a review of standards and practices for CEA by Gunn and Noble (2012)
suggests that good CEA can be distilled to four necessary components. These four
components are scoping, retrospective analysis of cumulative effects, prospective
or futures analysis of cumulative effects, and the management of cumulative effects
(Figure 11.3). In the absence of any one of these components, CEA is incomplete.

Scoping

Scoping, or context setting, establishes all that will be included and all that will be
excluded when evaluating cumulative effects and subsequent impacts to VECs. When
conducting CEA as part of the regulatory EIA process, the Canadian Environmental
Assessment Agency’s (2013) Operational Policy Statement recommends that the CEA
consider those VECs for which residual environmental effects are predicted after
consideration of project mitigation measures, regardless of whether those residual
environmental effects are predicted to be significant. Good CEA thus adopts ecosystem

11 @ Curnulative Environmental Effects Assessment 251

o
2
=
= Y
o] —t
c T ol
e i = § state —
\ urepiti s —
o 2 ?‘ed\‘* OQ_SQEY.ed-fut‘ - IActuaI effect
v ) _—
o e [~V - —
o~ = Predicted baseline
X C/?a,;" - £ ’q/fe,.,) >
¢ 99{)7 ~ > ’ .
- ¢, ~ b (] Ore,
o Ur, E’Q(\ < dfqte
+— s o %
© ‘fl‘t,fe
o S(\S.(_@
f?dr,‘os )
Retrospective analysis Scoping Prospective analysis Managernent

Figure 11.3 & Conceptualization of Cumulative Effects Assessment

Source: Adaptad from Gunn and Noble 2012. Developed originally based on Dubé et al, "Developing
cumulative impacts assessment and management strategies” project, funded by the Canada Water
Network and depicted in the Lower Athabasca Water Quality Monitoring Program Phase | (Environment
Canada, Catalogue no, En14-42/2011E-PDF)

health and functioning as a core determinant of VEC selection; thus, eflective CEA
must be spatially and temporally bound based on the distribution of the VECs
affected by both the project(s) in question and the effects of other projects and dis-
turbances—past, present, and future.

Spatial Boundaries .
The spatial boundaries for CEA vary considerably and are defined by a combina-
tion of factors, including: (i) the specific land uses or industrial activity of inte@st;
(ii) planning or management jurisdictions; and {iii) the characteristics or distribution
of the VECs or indicators of concern {Noble 2013). Cumulative effects occur over a
large spatial scale and over a long time period. Determining the spatial bou_ndaries
for a CEA is thus critical to its success in effectively managing the cumulative impacts
associated with development. Boundaries in CEA delimit the spatial extent of the
assessment and thus the environments and VECs that are considered.

Tt is generally acknowledged that in order to assess cumulative effects efﬁ.ect-
ively, the spatial boundaries of assessment must be extended well beyond the pro;gct
site. 'The Canadian Environmental Assessment Agency’s (2013) Operational Policy
Statement, for example, indicates that the spatial boundaries for CEA need to enco-
pass the potential environmental effects on VECs of the project being assessed in
combination with other physical activities that have been or will be carried out.
However, if the boundaries identified are too large, only a superficial assessment may
be possible, and uncertainty will increase. Moreover, the incremen'.tal addition of a
single project may seem less and less significant—only a small drop ina la.rge bucket.
If the boundaries are too small, a more detailed examination may be feasible, butan
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flnderstanding of the broad context may be sacrificed. In addition, the incrementa]
impacts of a single project may be exaggerated—a large drop in just a small bucket
(Figure 11.3). This, of course, depends on the nature of the project and the impacts.

Figure 11.4 & Restrictive and Ambitious Spatial Bounding
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g = proposed development

«=++ = assessment boundary
B = river system
= existing development/land use

Restrictive bounding may result in the project’s additive effects
on water quality being perceived as quite significant when
considered together with the surrounding development and
land-use activities.
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Ambitious beunding may result in the project’s additive effects
on water quality being perceived as quite insignificant when
considered in light of the total effects of all development and
fand-use activities on the watershed,
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For example, by selecting a relatively small spatial boundary, the impacts of emis-
sions from a proposed smelting operation might seem quite insignificant, especially
if emission stacks are refatively high. The choice of spatial boundaries for CEA, then,
can be to the proponent’s advantage or disadvantage.

Establishing the appropriate boundaries for CEA requires consideration of three
types of scale,

Spatial scale refers to the actual geographic extent of the assessment and is
typically based on one or both of natural boundaries, such as watersheds, or admin-
istrative boundaries, such as townships or landownership. This is usually the most
common interpretation of “scale” in CEA; however, it is certainly not the most func-
tional with regard to the actual analysis of cumulative effects.

Analysis scale is used to examine VECs and impacts across space and is repre-
sented by such ideas as data resolution, detail, and granularity. In the Cold Lake
oil sands project discussed in Box 11.1, for example, the geographic boundaries for
wildlife and vegetation were restricted to local township areas, based on the avail-
ability of historical and current information on vegetation composition and wildlife
habitat as well as on the extent of available aerial photo coverage. Spatial boundaries
were determined on the basis of data availability and desired analysis scale.

Phenomenon scale is perhaps the most important type of scale in CEA, since it
refers to the spatial units within which various processes operate or function. Thus,
in any single assessment, different spatial boundaries may be appropriate for different
curnulative effects and for different VECs. The boundaries selected for cumulative
effects on air quality might be quite different from those chosen for cumulative effects
on soil quality or sedentary versus migratory wildlife.

While there is no best method for determining the spatial boundaries for any
particular CEA, the CEA literature offers a number of guiding principles to assist
the practitioner:

o Adequate scope. Boundaries must be large enough to include relationships
between the proposed project, other existing projects, and the VECs.
This means crossing jurisdictional boundaries if necessary to account for
interconnections across systems,

o Natural boundaries. Natural boundaries such as watersheds, airsheds, or
ecosystems are perhaps the best reflection of the natural components of a
systern and should be respected.

«  VEC differentiation. Different VECs and VEC processes operate at different
spatial scales, and boundaries must therefore reflect spatial variations in the
VECs considered. .

o Maximum zones of detectable influence. Impacts refated to project activities
typically decrease with increasing distances; thus, boundaries should be
established where impacts are no longer detectable.

o Multi-scaled approach. Multiple spatial scales, such as local and regional
boundaries, should be assessed to allow for a more in-depth understanding
of the scales at which VEC processes and impacts operate.

o Flexibility. CEA boundaries must be flexible enough to accommodate

changing natural and human-induced environmental conditions.
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In principle, CEA should focus on ecological units, sach as watersheds or eco-
regions (Seitz, Westbrook, and Nobile 2011). In practice, administrative boundaries
play an important role in the success of CEA programs. Ambitious ecological bound-
aries often need to be tempered by institutional arrangements and the administra-
tive authority to implement CEA, including mitigation and monitoring programs,
Squires and Dubé (2012} suggest that the spatial scale of CEA be determined by the
spatial scale of the processes (i.e., industry, land uses) that mast affect or control the
resources of concern in a region.

Temporal Boundaries

The Canadian Environmental Assessment Agency’s (2013) Operational Policy
Statement indicates that the spatial boundaries for CEA should take into account
future activities and the degree to which the environmental effects of these activities
will overlap those predicted from the proposed project. However, good-practice
temporal bounding for CEA also requires asking “how far into the past” shouid
cumulative environmental change resulting from other actions and activities be
considered in the assessment. The extent of temporal boundaries depends on the
amount of information desired, the amount of information available, and whatthe
assessment is trying to accomplish. Examining past conditions may be as simple as
examining land-use maps, and in certain cases it may be feasible to incorporate 50
years of historical data if deemed necessary.

The Canadian Environmental Assessment Agency’s Cumulative Effects
Assessment Practitioners” Guide (Hegmann et al. 1999), developed under the for-
mer act, outlines several options for establishing how far into the past a CEA should
extend. The first two options have limited historical perspective and are based on
the temporal characteristics of the proposed project itself:

= temporal bounds established only on the basis of existing environmental
conditions; or
s when impacts associated with the proposed action first occurred.

Other options are based on more historical perspectives of land use and conditions
of environmental change and include:

»  the time when a certain land-use designation was made (for example, the
establishment of a park or the lease of land for development);

»  the time when effects similar to those of congern first occurred; or

= atimein the past representative of desired environmental conditions or pre-
disturbance conditions, especially if the assessment includes determining
to what degree later actions have affected the environment.

Identifying which potential future actions and activities to include in CEA can
be much more uncertain. The Canadian Environmental Assessment Agency’s (2013)
Operational Policy Statement recommends that CEA for future actions include those
that are certain and reasonably foreseeable. Actions that are certain are those that
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will proceed or for which there is a high probability that they will proceed (e.g., the
proponent has received the necessary authorizations or is in the process of obtaining
those authorizations). Actions that are reasonably foreseeable are those that are
expected to proceed (e.g., the proponent has publicly disclosed its intention to seek
the necessary EIA or other authorizations to proceed). Arguably, good CEA is not lim-
ited to certain and reasonably foreseeable actions but also gives some consideration to
hypothetical actions—those for which there is considerable uncertainty as to whether
they will proceed but that are of potential concern for cumulative environmental
effects should they proceed. These may include actions or activities discussed only on
a conceptual basis or speculated to proceed, based on current information. Scenario
analysis is a common tool used to identify such hypothetical actions.

These actions lie on a continuwm from most likely to least likely to occur. For
each assessment, the practitioner or the regulatory agency will have to decide how far
into the future the assessment should reach. Often, a major criterion is whether the
future action or actions are likely to affect the same VECs as the proposal under con-
sideration, While practical, this criterion may detract from these projects, creating
“nibbling” effects that, while they may not directly affect the same VECs, contribute
to overall decline in environmental quality.

Retrospective Analysis

Regardless of the temporal boundary selected, it is important to consider the sig-
nificance of past changes to the VECs of concern—and not treat past changes in, or
effects to, VEC conditions simply as the “new normal.” The latter approach, whereby
the magnitude of the cumulative effects of past projects is discounted and treated as
part of the current baseline condition, misses important opportunities for impact
management—particularly for those VECs that might be nearing, or already beyond,
a critical sustainability threshold (see Chapter 5, Box 5.4).

The concept of retrospective analysis, as part of baseline assessments, was intro-
duced in Chapter 5. Retrospective analysis involves assessing past VEC conditions
and analyzing trends and changes in conditions over time and against thresholds.
Good CEA requires an understanding of how VEC conditions have changed over
time and whether that change is significant in terms of the sustainability of the VEC.
An attempt should be made to identify relationships between indicators of change
in VEC conditions (e.g., caribou population, water quality indices) and measures of
human or natural disturbance so as to determine trends and associations that can
be used to predict and monitor VEC conditions or responses to future cumulative
change (Gunn and Noble 2012).

Examples of disturbance measures of interest in cumulative effects analysis may
include the density of linear features per unit area on the landscape (e.g., road or
trail density—km / km?), percentage disturbed landscape (e.g., cleared area), edge
density or perimeter area ratio, the rate of land conversion (e.g., rate and area of
change from forested to non-forested), the number or density of river crossings (e.g.,
number of crossings per river kilometre in a river reach), the density of impervious
or hard surfaces in a watershed (e.g., road surfaces and parking lots have been linked
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to contaminant transfer and measurable responses in water quality [see Brydon et al.
2009]), and broader natural processes of change such as flood or fire frequency (Gunn
and Noble 2012). In many cases, cause-and-effect relationships between disturbances
and VEC responses may not be known, but correlations or qualitative associations
can be relied upon. The objective is to identify measures of the drivers of change in
the region, characterize VEC or indicator responses over space and time, and iden-
tify—when and where appropriate—thresholds, management targets, or maximum
allowable limits of change.

Prospective Analysis

Using knowledge gained and models developed from the scoping phase and retro-
spective analysis, prospective analysis is about predicting and evaluating how VECs
or their indicators {e.g., caribou population, water quality index) might respond to
additional stress in the future—stress caused by the project and by other projects and
actions in the regional environment (e.g., fragmentation, river crossings). The focus
of analysis is on the VEC conditions and understanding potential VEC response to
cumulative disturbance. Gunn and Noble (2012} explain that prospective analysis
for CEA might involve “summing up” individual effects such that the total effects on
VECs are evaluated and summarized into trend information, focusing on regional
environmental issues and whether they will grow worse or better, and assessing the
effects on VECs of broad regional change agents such as “surface disturbance” that
are, by definition, cumulative and provide a measure of ecosystem health.

Predicting such future conditions is often uncertain, and data are often incom-
plete. Greig and Duinker (2007} suggest the use of scenario analysis, particularly for
large projects, to address the range of possible future VEC conditions under different
development/disturbance regimes. Other methods that support CEA, many of which
are discussed in Chapter 3, include landscape metrics, correlation and statistical
modelling, and more complex simulation tools such as ALCES and MARXAN, The
Canadian Environmental Assessment Agency’s (2013) Operational Policy Statement
also recommends that scientific data can often be supplemented with knowledge
from other areas with comparable conditions, from community knowledge, and
from Aboriginal traditional knowledge.

Management

The best way to manage cumulative effects is to avoid them. However, this not always
feasible—most projects are proposed in areas that have already been subject to some
level of human disturbance. The management phase of CEA involves the identifica-
tion of potentially significant cumulative effects, identifying impact management
measures, and developing follow-up and monitoring programs for camulative effects.
Of particular importance is determining whether the incremental or cumulative
effects caused by the project under consideration are significant. This requires an
evaluation of the total effects on each VEC of concern, including the effects of the
project plus the effects caused by other sources. Gunn and Noble (2012) suggest that
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important to this determination is assessing how much more change in VEC condi-
tions is acceptable. This requires some assessment against thresholds, management
targets, or maximum allowable limits of change identified during the retrospective or
scoping stages of the assessment or set out in regulations or broader environmental
policy objectives. Viable management measures are then proposed, considering the
range of possible future outcomes or VEC conditions. The objective is to minimize,
if not eliminate, the cumulative contribution of the project to an adverse effect on
VEC conditions. In those cases where a VEC is already unhealthy or unsustainable,
or nearing such levels, the only acceptable management action may be rectification
or restoration of VEC conditions—i.e., no additional cumulative effect caused by the
project is acceptable.

State of CEA in Canada

Notwithstanding the recognized need for CEA and the implications of not doing
it, there are constant and consistent messages that CEA is either not being done
or not being done well when it is done. In a 1998 report of the Auditor General
of Canada, the auditor noted that on a sample of 159 environmental assessments
conducted by federal authorities, excluding Parks Canada, only 48 indicated that
cumulative effects had been considered. In Canada’s western prairie watersheds,
Schindler and Donahue (2006) suggest an impending water crisis, arguing that policy
decision-makers and planners have seldom, if ever, considered the cumulative effects
of climate warming, drought, and human activity. Rather, the focus of attention has
been on project-by-project decision-making, while cumulative environmental change
and broader regional and non-poiat sources of stress have been ignored. In a more
recent panel review process for the Manitoba Hydro's Bipele III transmission line
project, witnesses for the Consumers’ Association of Canada (Manitoba) reported
that the project’s CEA largely ignored cumulative effects on VECs of other, past pro-
jects, including the proponent’s own past projects. For most VECs, impacts were
measured against, rather than in addition to, the effects of other future disturbances
(see Environmental Assessment in Action: Review of the Bipole 1II Transmission
Line Project Cumulative Effects Assessment).

" Environmental Assessment in Action

" Review of the Bipole Il Transmission Line Project .
: Cumulative Effects Assessment . o 3

. Thie Bipole Il Transmission Line project was introduced in Chapter 5, Box 5.4

The project, proposed by Manitoba Hydro; involves the construction:of ari’
" approximately 1400-kilometre transmission line from northern Manitoba, hear_.
- Gillam, south to Winnipeg. The transmission ling witl traverse boreal f_orest- and:'_

L continued.
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© caribou habitat in the north and agricuitural land in the south, including sev- '

. eral river and stream crossings along the route. The projectistc help improve
the reliability of electricity supply to Manitcba and reduce the risk of su’ppty' '
interrupticns due to ice storms, fires, and other events. Currently, more than’
70 per cent of the province's electricity is transmitted via a singie corridor on ]

-~ the Bipole | and il transmission lines. Construchon is planned for 2013, with a-

: prOJect operatlon date set {or 2017

Y The project was subject to EIA under the Environment Act of Manitoba. -
As part of its EIA; the proponént submitted a CEA of its profect. In sectlon

. 9.1 of the EIS, the proponent noted that its CEA was conducted based on
- 'guidance from the project’s scoping document, the Canadian Erivironmental .
-~ Assessment Act, and review of other guidance documents for cumulative
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~ affects assessment. In 2005, the minister of Manitoba Corniservation and Water

Stewardship requested that the Manitoba Clean Environment Comemission

“(CEC) conduct a public hearing into the proposal. The CEC is'an arms-length:
~ provincial dgency mandated to provide advice to the minister and ensure;:

public participation in environmentat matters. The CEC held its public hearings:

. between Octaber and November 2012 and i in March 2013. Several intérverniers |
" participated in the hearing process, including the Consumers” Association of
© Canada {Manitoba}, which focused on, among other issues, the nature and-
" guality of the proponent’s CEA. :

An analysis of the guality of the proponent s CEA was undertaken by Gunn

" and Noble (2012) on behalf of the Consumers’ Association of Canada, Gunn
"'and Noble applled severat crrtena to guide thelr anaty5|s of the CEA as foliows

' A Scoprng practrces

i : ‘{5 the CEA methodology dlstlnct from the prOJect |mpact assessment?

i Does the CEA consider all types of actl\ntles and stresses tnat may T '_; _

" interact with the project’s effects?
iii. - Does the CEA adopt “ambitious,”’ ecoiogrcaily based scopnng?

v lsan exp ficit rationale for VEC selection docurnented?: .
©v: . Do the spatial boundaries reflect tHe natural distribution’ patterns

. ‘(present and h|stoncal) of VECs selected for the cumulattve effects : '_ 2
- assessment?

v - Does the CEA adopt " pre dlsturbance condmons as the hlstonc

- temporal limit and captire othier certaln and reasonab y foreseeab[e
future prOJects and acttv;tles’r‘ : : .

; B. Retrospectrve ana!ysrs _ . D
S [oés the baseline analysm delaneate past and present cumulatlve

effects in the study area?:

_ i'i.__ - Does the baseline analysis establlsh trends in VEC condmons and

. known ar suspected relationships between changes in VEC condltlons .
and the primary drivers of change?; AN

_ 'ii'i._ © Are thresholds specified against which cumulatrve change and the

-significance of effects can be assessed? L

C Prospectrve analysrs . S i .
i : s the time scale of cumulatwe effects predmhons/analysrs suf‘ﬁc ent to

. capture the scope of impacts associated with the project’s life cycle?
fi: Is there sufficiant analysis/evidence to support conclusxons about
. potential curnulative effects? =

_ i Are the tools and technigues used capabeofcaptunng the. . ETREIISE

- complexities of cumulative effects pathways and the uncertamt(es of
future developments? :

. iv. - Are trends and linkages establlshed between VEC COndlthﬂS and

.t disturbances in the baseline analy5|s used {0 |nform predictlons about
" cumulative impacts?.

v * 1$'the analysis centréd dn the totat effects on VECs in the prOJect s B

R regronalenv%ronment7 ' o '
_ . contrnued
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- D: Cumilative effects management; - ; SRR
| _. s the srgnlﬁcance of the project’s cumulatrve effects measured agalnst

FRAN: past reference condition and not 5|mply the current cumulatlve or
oo disturbed condition?

i Is the significance of cumulative effects adequately descrsbed and-

- justified and based on VEC sustainability, defined by a desired or healthy :
- condition or threshold as opposed to the magnltude of the !ndz\ndua[

. project stress on that VEC? _ S

oo Hi L Are the incremental smpacts of the proposed |rnt|at:ve traded oﬁ"" -
U+ against the significance of ali other dlsturbances of actl\ntles in the
o region (i.e minimized or masked)?; P
v, Are mitigation measures identified that help offset srgnlﬁcant i

-cumulative environmental effects, and if so, is considerstion is given._'_

~ o multi-stakeholder collaboratlon to developJomt management
ST measures?: :
- V.. Is adaptive management rdentrhed for srgnlflcant cumulatrve effects

L contingent upon future and uncertaln developments and |mpact :
|nteract|ons? : S R :

: - Giinh'and Noble concluded that the B!po e III CEA fel[ short of good! :
practrce and srgnrﬁcantly short of the standard identified in the EIS: scopmg.'ﬁ
document, which comimits to a cumulative effects assessment based én best
‘and current’ practices. Severat srgnlﬁcant deﬁcrencres Were |dent!ﬁed M the:{

report lncludlng

'. ~_ The baselrne agalnst whrch cumulatrve effects are assessed targely lg— .
~ hored the cumulative effects on VECs of past aCtIOI’lS and changlng VEC.'

“conditions over time.;

. many of the conclusions:

i o The baseline was: descrlptwe few trends or condltlon changes were "
=" identified and analyzed, and thus there was l|ttle means of predrctrng

~or modelling cumulative effects into the future: -

* The temporal scope ‘of analysis was insufficient and mconsrstent wrth :
the lifetimie of the project: For example, the CEA adopted only:a five-

- year horizon for what is oné of the VECs of most corcern; cariboli:

s The majority of VEC conditions wera not examinied within the context -
- of regiohal ecological heatth but rather from the perspectrve of ab-:.

T sorbing the project’s stress,

: ...'. Much of the effects analysis was restrlcted to the transmlssron lrne:

" right-of-way, ignoring the effécts of the Bipole l'and () projects.

: o The C_EA often assessed the magnitude of the project's impacts against .-
oor cornpared. to” the effects of other actions; versus. “in’ addition to"
- past changes in VEC conditions and “in addition to” the effects of Gther .-

- current and future actions. As a result the total or cumulat!ve eﬁ‘ects
- were rarely addressed or ana yzed : S

o Among the recommendatlons of thefr report was that the prOJect not
. proceed unt:t the government of Manitoba undertakes & regional and strategic

_environmental assessment of the cumutative effects of current and future la nd
:uses, particularly in the northern portion of the Bipole Il study area. '

: There was a lack of supportmg analysrs of curnulat:ve ef‘fects to support.' ;
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The Manitoba Clean Environment Commission issued its final panel report

. on the public hearings in July 2013. In its report, the CEC noted that "The

cumulative effects analysis should be thé most important section of an‘envi-
- ronmental assessment report” (p. 11}, but the CEC also indicated that "The’
Cornrnission has a tong history of being less than satisfied with the nature
of cumulative effects assessments conducted by proponents in Manitoba®
(p. 11). The CEC reported that it was “simply inconceivable—given the 50-plus-

. year history of Manitoba Hydro development in northern Manitoba and given.
" that at least 35 Manitoba Hydro proiects have been constructed in the north,
*in that time—that there are few, if any, cumulative effects identified in this;
“EIs" (p. 112). The CEC recommended, as a non-licensing requirement, that

* Manitoba Hydro implement a CEA approach that would go beyond the mini-
" mal standard arid would be rmore in line with current "Best practices” (p. 129).
" The panel also recommended that Manitoba Hydro, in cooperation with the-

Manitoba government; conduct a regional CEA for all Manitoba Hydro projects
 and associated infrastructure in the Nelson River sub-watershed and that this

- be undertaken prior to the licensing of any additionat projects in the regior
" after the Bipole |1l project. The CEC concluded, however, that it was prepared:
 to concede that the proponent had rnet the minimum standards and that the'_

: project be approved. ..
The Bipole lil’ CEA was a srgnlﬁcant step forward in pubhc[y recognrzmg:
the limits of CEA as currently praciised and established the neéd for a better
standard. It was also a significant step forward in recognizing that effective -

" CEA raquires a regional approach and that a regionat CEA be underiaken-ifi;

- northernt Manitoba prior to approvin’g'fu’rther'de\'/elo'pment proposals. The
. Bipote lil CEA was a also a step backward in advancing the practice of CEA.
sendlng a message via project approval that the current practrce of CEA is strll
good enough to secure El/—\ approval : o TR

Enduring Challenges and Concerns

Parkins (2011) suggests that “thinking cumulatively and regionally does not emerge
naturally from a project-based perspective.” In a review of the state of cumulative
effects assessment in Canada, Duinker and Greig (2006) conclude that “continuing
the kinds and qualities of CEA currently undertaken may be doing more harm than
good.” Baxter, Ross, and Spaling (2001), Duinker and Greig (2006), Canter and Ross -
(2010), Noble (2010), and Seitz, Westbrook, and Noble (2011) point to several endur-
ing challenges and concerns with the current practice of CEA in Canada. Some of
the main ones are synthesized below.

The first problem concerns the context of CEA as currently required in Canada—
situated within project-based EIA. As explained at the outset of this chapter, cumu-
lative environmental effects concern the total effects of human activities on a VEC.
Project EIA, in contrast, is concerned about project-induced stress and making sure
that the impacts of a project are acceptably small rather than understanding the total-
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eflects of all stressors, project and non-project, on any single VEC. Parkins (2011)
reports that cumulative effects simply as additive impacts from multiple projects
on indicators such as water use or pollution does not facilitate broader discussions
about regional limits to development and change and the ways in which specific
projects and impacts are aligned or misaligned with regional development goals
and objectives.

Second, and closely related, is that project EIA is concerned primarily with
minimizing project stress to a level of acceptability. The objective of proponents
is to ensure that their project meets regulatory and public approval—this usually
means minimizing any efforts regarding CEA and paying little attention to under-
standing VEC quality and longer-term sustainability. The result is often findings of
“non-significance” when, in reality, the project is contributing to incremental, if not
synergistic, cumulative environmental change (Box 11.2)

A third concern relates to thresholds. Understanding the cumulative effects
of human activity on a VEC, and the implications of such effects, requires some
understanding of thresholds and carrying capacities. The challenge, however, is that
thresholds are not easily determined, particularly within the spatial and temporal
confines of a project assessment. There is often reluctance to set thresholds or to
limit development when our understanding of natural variability and adaptability
within the system is poor. However, in general, for any assessment it is useful to have
a management target or benchmark against which to assess condition change (either
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effects-based change or stressor-based change); otherwise, it is difficult to determine
when to take action and what action to take when undesirable change occurs. When
thresholds are addressed, they are usually defined within the context of the project
as opposed (o the total effects on a VEC and, further, typically defined on the basis
of public acceptability as opposed to ecolegical knowledge.

Fourth, CEA and management are uitimately about the future and demand,
loaking far enough into the future to capture the full array of human activities and
natural changes that may affect the sustainability of VECs of concern. This is a highly
uncertain environment and one that is about possible futures and outcomes—a view
that stands in sharp contrast to the shorter-term perspective of project approval
and predicting the “most likely,” versus the most desirable, effects of development.
Greater attention needs to be given to exploring alternative futures in CEA; this
includes the consideration of hypothetical development scenarios.

Fifth, our assumptions about cumulative effects, as evidenced by practice, are
not always consistent with the nature of how environmental systems function.
Advancing CEA will require that we rethink our assumptions and, thus, our approach
to CEA (Table 11.2). As Ross (1994, 6) points out, “the environmental effects of con-
cern to thinking people are . . . not the effects of a particular project; they are the
cumulative effects of everything.” In particular, there is a need to think about limits
of environmental systems in terms of the types, amounts, and rates of development
that can be accommodated. '

7
Box 11.2 Individually Insignificant Actions

In southwest Saskatchewan, a 1940 km? ecologically rich land base, consisting of
active sand dunes, rare and endangered species, and plants of Abariginal cultural
importance Is subject to the pressures of approximately 1500 natural gas wells,
cattle grazing, and more than 3000 kilometres of access roads and trails. The
tandscape is significantly fragmented, and biodiversity, in a once native grassiand
ecosystem, is at risk. Cattle grazing and roads and trails in the region have not been
subject to ElA. Of the 1500 wells in the area, only five proposals were subject to
assessment—none of which was deemed to have significant environmental effects
{GSH $AC 2007). Nasen, Noble, and Johnstone {2011), however, found that the
ecological footprint of petroleum and natural gas wells in southwest Saskatchewan
grasstands has an effect on soils and range health up to 25 metres from the well
head-—well beyond the physical footprint of the infrastructure and with a duration
of at ieast 50 years (see Chapter 4, Envircnmental Assessment in Action}.

The Athabasca River kasin, Alberta, is exposed to a wide range of land-
use activities, including agriculture, forestry, pulp and paper operations, and
petroleum extraction. Roads, power lines, pipelines, and other disturbances
have fragmented forests. and the amount of old-growth forest has been sig-
nificantly reduced. Between 1966-76 and 19962006, the number of pulp mills
discharging into the Athabasca basin increased from one to five; total farm area
increased from 47.2 million acres to 52.1 million acres; the number of operating
cil sands leases increased from 2 to 3360; water withdrawals increased from

B

approximately 12 million m?/yr to 585 million m*/yr, of which more than 70
per cent can be attributed to oil sands operations. Between these two time
periods, the cumulative annual flow in the Athabasca River decreased by more
than 500 m?/s, and temperature increased by 1.4°C; conductivity, turbidity, and
phosphorous levels also increased (Squires, Westbrook, and Dubé 2010). Many
of these disturbances, such as urban growth and agricultural expansion, have
not been subject to assessment. For others, the effects of each project have
been deemed unlikely to cause significance adverse environmental effects.
Part of what leads to scenarios like these is that cumulative effects are often
ignored or diminished in project assessment, sometimes deliberately and some-
times because the project in guestion is considered too small to warrant atten-
tion. Quite often, individual developments are evaluated independently of other
activities and thus deemed “unlikely” to cause significant adverse environmen-
tal effects. In other cases, the magnitude of a project’s impacts are sometimes
erronecusly “measured against” or “‘compared to” the effects of other projects,
versus focusing on the overall effects on VEC conditions. When the significance
of a project’s effects, no matter how small the effect, is evaluated from the per-
spective of the additional stress placed on VECs that are already stressed by other
sources, it is far more likely to be deemed unacceptable, particularly in regions
of concentrated development where environmental thresholds may already be
exceeded {Gunn and Noble 2012). : y
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Table 11.2 Characteristics of Status Quo CEA versus Reguirements fof
CEffective CEAT 17 o0 T T
Status quo CEA Required CEA

Assumptions abundance limits
Receptors single media environmental systems

Spatial context project multiple scales

Temporal context  present past, present, future

Scope regulated activities all disturbances
Assessment stressors or effects stressors and effects
Futures predicted impacts possible outcomes
Management mitigation avoidance

Monitoring regulatory comptliance thresholds and capacity
Responsibility individuat proponents mutti-stakeholder
Performance increased efficiency increased ef"ﬁcaqf

A final concern relates to governance, specifically roles and responsibilities for
carrying out CEA and ensuring its influence when CEA is conducted outside the
scope of the regulatory EIA process—such as regional CEAs or cumulative effects
studies. There is a requirement under the Canadian Environmental Assessment Act,
2012, section 19(1}, that the EIA of a designated project take into account the results
of any relevant regional study conducted by a committee established under the act.
However, regional CEAs and cumulative effects studies have had a tradition of being
short-term bursts of activity with no long-term support (Kristensen, Noble, and
Patrick 2013; Parkins 2011). Notwithstanding considerable advances in the science to
support CEA beyond the regulatory and spatial constraints of project EIA, there has
been limited attention to the institutional arrangements necessary for implementing
and sustaining it. In an analysis of CEA practices in western Canadian watersheds,
Sheelanere, Noble, and Patrick (2013) and Kristensen, Noble, and Patrick (2013}
argue that among the requirements for implementing, sustaining, and ensuring
influential CEA beyond the project scale are:

»  an agency with the authority and mandate for CEA, including the means
to direct monitoring programs and influence decisions about land use and
project development in the region;

s clearly defined stakeholder roles and responsibilities for undertaking
the CEA, implementing the results, and monitoring and following-up for
continual learning and improvement;

»  sharing of monitoring data, both spatial and aspatial and in common data
formats, among all stakeholders;

» ameans of implementing CEA initiatives, enforcing monitoring programs
and compliance, and ensuring influence over development decisions taken
at the individual project level;
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sufficient financial and human resources to implement and sustain, over
the long term, CEA programs and requirements (e.g., monitoring programs,
landscape modelling, reporting, communication and data management,
and co-ordination).

The above challenges are not to say that project-based CEAs are not useful;
rather, something more is needed to address and manage cumulative environmental
change in an effective manner (Cooper 2003; Creasey 2002). CEA should go beyond
the evaluation of site-specific direct and indirect project impacts to address broader
regional environmental impacts and concerns. Cocklin, Parker, and Hay {1992} iden-
tify three main objectives in advancing CEA beyond EIA:

»  to develop a broader understanding of the current staie of the environment
vis-a-vis cumulative change processes;

«  to identify, insofar as possible, the extent to which cumulative effects in the
past have conditioned the existing environment;

s to consider priorities for future environmental management with respect to
general policy objectives and with regard to potential development options.

The underlying notion is that cumulative environmental change is the product of mul-
tiple, interacting development actions and that the multiplicity of development decisions
in a particular region, while often individually insignificant, cumulatively lead to signifi-
cant environmental change. Some significant progress has been made in CEA; however,
most of this progress has been outside the constraints of the regulatory EIA process.

Key Terms

amplifying effects non-point-source stress
analysis scale , phenomenon scale
cumulative effect point-source stress
cumulative effects assessment scenarjo analysis
curulative effects management spatial scale
discontinuous effects stressor-based CEA
effects-based CEA structural surprises
linear additive effects

 Review Questions and Exercises =

1. Do provisions exist under your provincial, territorial, or state EIA system for
cumulative effects assessment?

2. Using the example of multiple reservoir developments in a single watt_ershed,

sketch a diagram similar to Figure 11.2, and identify and classify the different
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types of cumulative impacts that might result. State the impact “pathways” as

illustrated by the example in Box 11.1. :

3. Whatis the difference between effects-based and stressor-based approaches to
cumulative effects assessment?

4. Using an example, explain how a proponent might use spatial bounding to its
advantage. Given this, should the proponent be solely responsible for determin-
ing the spatial boundaries for cumulative effects assessment?

5. It has been said that cumulative effects assessment is simply ETA done right.
Do you agree? Given the challenges to and the constraints of EIA in assessing
and understanding cumulative effects, should CEA be part of E14 or a separate,
independent process? Identify the benefits and limitations of a more integrated
versus a more separated CEA process.

6. Cumulative effects often result from multiple and often unrelated project
developments in a single region. Should regional cumulative effects assessment
be the responsibility of the project proponent?

7. When a project creates environmental damage, it is often the responsibility
of the proponent to rectify or compensate for such damage. Assume a region
where there are multiple projects and activities, including oil and gas, forestry,
highways, recreation, and hydroelectric developments. Individually, each pro-
ject was approved for development based on the fact that it would not generate
significant environmental effects. Cumulatively, however, all of these activities
are contributing to overall environmental decline.

a) Who should be responsible for managing overall cumulative environ-
mental change resulting from the many, unrelated project developments
and activities?

b) How does one determine how much each development or activity is con-
tributing to cumulative change?

c) Given that each project is “individually insignificant™ but that together
they are cumulatively damaging, should an additional development be
permitted in the region if it too is determined to be individually insig-
nificant? What are the implications of such a decision with regard to
equity versus environmental protection?
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