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Most development activities have individually minor impact, but collectively over time
their impact on the environment is more substantial. The available environmental cir-
cumstances in different locations show the important position of cumulative effects (CEs) in
environmental studies. Many sources notified the complexity of cumulative effects as-
sessment (CEA) in practice and identification of CEs in assessments. Maybe it is because
the essence of impact assessments have to focus on future consequences, and this situation
is complex substantive. Also, a lack of knowledge with respect to how to include CEs and
lack of clear regulations concerning how this should be done are the most complex criteria
of CEA which have been mentioned by CEA practitioners. Most guides and regulations are
considered in the performance of CEA during environmental impact assessment (EIA) of
projects. Also, there is an important consideration regarding performance of CEA in stra-
tegic environmental assessments (SEAs) process, and some reasons present it. In the section
of methods and tools used for CEA, risk assessment approaches and modeling are the most
used innovative methodologies for the improvement of CEA in recent times. Generally,
improvement in performance and knowledge of CEA is noticeable in recent years.
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Introduction

Cumulative effects assessment (CEA) has obtained an important place in envi-
ronmental assessments over the years. Sustainable development requires that the
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full range of human-generated stresses are understood and acted upon in their
environmental, economic, and social context. Most development activities have
individually minor impacts, but collectively over time their impact on the envi-
ronment is more substantial. The combined incremental effects of human activity
pose a serious threat to environmental quality (Eccleston and Doub, 2016). The
central idea behind the assessment and management of cumulative impacts (CIs) is
lack of sufficient individual impacts consideration of isolation (Vanclay and
Esteves, 2011). While such impacts may be non-significant by themselves, over
time they can compound, from one or more sources, up to the point where they
significantly degrade environmental resources.

The assessment of Cls reflects a broadened perspective on the nature of human—
environment interactions (James et al., 2003). This perspective acknowledges that
the environmental change originates not only from single projects but also from
interactions of multiple projects (sometimes contained within a plan or program).
These interactions need to be considered in planning to ensure that environmental
limits are not breached. The impact of two actions on the environment can be
complex and may result in environmental degradation that is worse than initially
thought because of interactions between projects. These can be chemical, bio-
logical, or physical interactions (James er al., 2003). It has been recognized
worldwide that consideration of Cls should be an integral part of the environ-
mental impact assessment (EIA) process and sector-specific methodologies should
be evolved to address these impacts (Dutta er al., 2004).

The available environmental circumstances in different geographical points
show the important position of cumulative effects (CEs) in environmental studies.
Ehrlich reported the role of cultural CEs in rejection of four proposed uranium
exploration projects in the Upper Thelon Basin (Northwest Territories, Canada)
(Canter et al., 2010). Also, drying Uremia Lake in Iran shows signs of CIs. There
are some dams at the water basin of the lake so that most of them have Envi-
ronmental Impact Statement (EIS), and are accepted by Department of Environ-
ment. But, the dams together, have important role in drying the Uremia Lake.

CEA promises to improve EIA by considering how a given “receptor is affected
by the totality of plans, projects and activities, rather than the effects of a particular
plan or project” (Therivel and Ross, 2007). CEA is considered to be a sub-
discipline of EIA, because it derives from EIA’s principles, methods, and tools,
and is broadly applicable across the diversity of EIA practice (Jones, 2016). CEA
has been a key element of good-practice impact assessment for more than 40 years
in countries such as the US and Canada. It is now implemented widely in many
countries in a variety of project-based, regional, and strategic contexts (Jones,
2016).
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Based on importance of CEA in environmental studies, this article has been
prepared to indicate the different aspects of CEA. The aim of the paper is to
present the status, challenges, and latest findings and opinions in relation to CEA.

Concept and Definition of Cumulative Effects

CI and cumulative effect (CE) are terms which are often used interchangeably,
for example, in the US Council on Environmental Quality (CEQ) regulations.
(Center for Environmental Excellence by AASHTO, 2016; James et al., 2003),
and this circumstance is respected in this article. Also, there are different opi-
nions in this regard, for example, Gillingham et al. (2016) have mentioned
which effects and impacts are different, and they believe that an impact can
include more environmental changes than an effect. They define an effect as a
direct and observable change in the current circumstance, whereas an impact
represents the longer-term consequences that flow from that change. Impacts are
much wider and more nebulous, and oftentimes they are much more difficult to
discern.

In the practice of EIA in the US, the term “cumulative effects” was first
mentioned in the 1973 guidelines of the CEQ (Canter and Ross, 2010). Then, the
concept of CE had been first defined by the CEQ (1978) and later detailed by other
scholars (Bragagnolo and Geneletti, 2012). CIs may result from the aggregation
and interaction of direct or indirect impacts. Depending on the context and the
location in time and space, different receiving environments (such as a social
group, river, or geographic region) may experience the same impacts differently
(Franks et al., 2010). Cumulative environmental effects are defined as the results
of actions that are individually minor but collectively significant when added to
other past, present, and reasonably foreseeable future actions (Seitz et al., 2011).
For example, several developments with insignificant impacts individually but
together have a CE which is considered a significant effect. CIs are not necessarily
generated as part of a simple causal pathway; that is, a CI may result from the
aggregation or interaction of impacts from multiple unrelated sources (Franks
et al., 2010). An example of this may be the cumulative social impact experienced
from the aggregation of different amenity impacts of mining (such as noise, dust,
vibration, and scenic amenity).

The concept of cumulative change is based on the premise that the impacts of
individual independent actions are not mutually exclusive to each other, rather
they may accumulate, interactively or additively to bring about significant
environmental change (James et al., 2003).
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Fig. 1. Cumulative impact diagram.

CIs cannot be understood if our attention is limited to single stages of projects
or is constrained to inappropriately small spatial or temporal scales (Halseth,
2016). Figure 1 shows CI concept.

CIs can be both positive and negative and can vary in intensity as well as spatial
and temporal extent (Franks ez al., 2010). CIs may interact such that they trigger or
are associated with other impacts. They may aggregate linearly, exponentially or
reach “tipping points” after which major changes in environmental, social, and
economic systems may follow (Franks ef al., 2010). CIs often extend well beyond
the geographic location of an operation and may contribute to systems already
impacted by other operations, industries, and activities.

Eccleston (2011) has mentioned that the CIs can generally be divided into
broad classes: additive and synergic (or interactive). Additive effects occur when
the magnitude of combined effects is equal to the sum of individual effects. When
effects are combined, the results may be substantially greater or less than that
expected based on additivity, and greater than expected result which can be de-
scribed as synergistic. James et al. (2003) have mentioned that additive effects are
those where the impacts may be combined in a straightforward manner, while
interactive or synergistic effects lead to a net decrease in environmental quality that
differs from the simple summation of the impacts, i.e. the result may be greater
than the sum of the parts.

Indeed, specialists are still not united in the question of classification of CE. So
that Crain et al. (2008) classified CEs as additive, synergistic, and antagonistic in
their research. For the most common case where each stressor (action) has a
negative effect when applied individually, e.g. stressor A reduces the response by
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“a” and stressor B by “b”, then the CE under A + B conditions is a reduction of
the response from control levels that is additive (= a 4+ b), antagonistic (< a 4+ b)
or synergistic (> a+ b) (Crain et al., 2008).

Some references strictly have distinguished between cumulative and synergic
impacts such as Short ef al. (2013), The Scottish Government (2006) and Schmidt
et al. (2005). Also, CEAA (2014) has presented two other types of CEs as
compensatory and mask CEs. Compensatory CEs are effects from two or more
physical activities that “offset” each other. In mask CEs, the effects of one project
might mask the effects of another in the field.

In landscape and visual assessment, CEs are considered. Knight (2009) has
mentioned that cumulative landscape and visual assessment (CLVIA) should
identify significant effects which are the result of introducing the development into
the landscape in combination with other existing developments and the develop-
ments which are not present yet. CEs on visual amenity can be experienced either
from static viewpoints, where two or more developments can be seen from a single
location (combined visibility); or sequentially, where in the process of moving
along a route, two or more proposals are visible.

Different organizations and scientists have presented some definitions for CEs
and Cls, as follows: The US CEQ (1997, Executive Summary page v) defines CI
as “the impact on the environment which results from the incremental impact of
the action when added to their past, present, and reasonably foreseeable future
actions regardless of what agency (federal or non-federal) or person undertakes
such other action”. CIs are the aggregate result of the incremental direct and
indirect effects of a project or plan, the effects of past and present actions, and
effects of reasonably foreseeable future actions by others on resources of concern
(Elvin and Fraser, 2012; Center for Environmental Excellence by AASHTO,
2016). The Canadian Environmental Assessment Agency (CEAA) defined CEs as
changes to the environment that are caused by an action in combination with other
past, present, and future human actions (James er al., 2003). European Union
guidance on CEA defines CIs as the accumulation of human-induced changes in
valued ecosystem (or environmental) components (VECs) across space and over
time; such impacts occur in an additive or interactive manner.

Social CEs

CEA is rarely done, and when they are done they tend to focus on biophysical
impacts rather than social impacts (Vanclay and Esteves, 2011), and social impact
assessment (SIA) has probably not given sufficient attention to Cls as well (Lockie
et al., 2008; Canter and Ross, 2010). The topical attention in most “Cumulative
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Effects Assessment and Management” (CEAM) studies is related to air quality,
water quality and quantity, ecological components, and natural resources (Canter
and Ross, 2010). Social impacts resulting from policy changes and other inter-
ventions that interact and aggregate are influenced by additional interventions and
exogenous factors, leading to cumulative social impacts (Loxton ef al., 2013).
These interactions mean that social impacts caused by disparate factors are ex-
perienced cumulatively, encouraging increased assessment of cumulative social
impacts within SIA.

Social impacts differ from other types of impacts, such as those on the envi-
ronment, owing to the role of human interpretation in determining how individuals
experience interventions (Loxton ef al., 2013). Understanding the complex path-
ways that lead to cumulative social impacts is challenging, but essential to
designing effective mitigation strategies that reduce the negative, and enhance the
positive, social impacts that arise from an intervention while assisting the pro-
ponent to meet their goals. Empirical evidence is needed to better inform the
consideration of social impacts in the practice of CEAM; in particular, improved
understanding is needed of the processes involved in the interaction and aggre-
gation of social impacts, and the development of strategies to address cumulative
social impacts (Franks et al., 2010).

Attention should also be given to developing processes, methods, and tools for
addressing cumulative social and economic impacts (Canter and Ross, 2010).

CEA in Different Countries

Increased recognition of the cumulative nature of impacts has led to the practice of
“Cumulative Effects Assessment and Management” (CEAM) within the field of
impact assessment (Canter and Ross, 2010). In many countries, cumulative impact
assessment (CIA) is undertaken as part of the EIA process (Zhao er al., 2012). The
most of developed countries have started the study of environmental CIs some
decades ago. At first, CEs were considered as other types of effects such as indirect
and direct effects in EIA guides and manuals. But, since then, CEA have achieved
more independent and important position.

In the US, CEA began in the early 1970s when it was realized that proposed
projects needed to be analyzed in relation to their location and surrounding land
uses (IAIA, 2018). Throughout most of Canada, the Canadian Environmental
Assessment Act (CEAA) describes the requirements for CEAs (Ehrlich, 2010).
The CEAA requires CEAs to consider future projects only in terms of projects that
will occur. It states that assessments shall include a consideration of “any cumu-
lative environmental effects which are likely to result from the project in
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combination with other projects or activities that have been or will be carried out”
(Ehrlich, 2010).

EU and UK legislation require a CIA as part of EIA (Masden et al., 2010). The
requirement to asses CEs was originally set out in the European EIA Directive
85/337/EEC (since amended by further Directives) and by the European Com-
munity (EC) Habitats Directive 92/43/EEC (Masden et al., 2010). Also, the ne-
cessity to consider CEs in the recent EU directive is mentioned (Directive 2011/92/
EU of the European Parliament on the assessment of the effects of certain public
and private projects on the environment (in ANNEX IV) which amended by
Directive 2014/52/EU). The changes introduced by these directives maintain and
enforce this requirement by establishing that evaluation of selecting projects cri-
teria should include CEs with other projects. Also, the European Directive on
strategic environmental assessment (SEA) requires the evaluation of cumulative
and synergistic impacts (Therivel and Ross, 2007).

In 1991, provisions for EIA in New Zealand changed significantly with the
enactment of the Resource Management Act. Among other provisions, this act
requires consideration of Cls in environmental assessment activities undertaken by
planners in newly created regional authorities and district and city councils (Dixon
and Montz, 1998).

The consideration of CEs is mostly absent in the developing world (Li, 2008).
In Iran, the analysis of CIs was considered during performance of SEAs for
strategies of regional developments based on Law for the Fifth Development Plan
of Iran (Year of Version: 2011).

Cumulative Effects Assessment

CEA, CIA and Cumulative Effects Assessment and Management (CEAM) are
terms which are used in the analysis and management of CEs or impacts. Early
practice focused on CEA; however, with current attention to management and
mitigation of CEs, an M has been added to CEA (Canter and Ross, 2010).

The origins of CEA began in the early 1970s when it was realized that proposed
projects needed to be analyzed in relation to their location and surrounding land
uses (Canter et al., 2010). Further, agencies that processed multiple concurrent
permit approvals for similar types of projects also realized that such approvals
needed to incorporate consideration of all applications in close spatial and tem-
poral proximity to each other; as such actions often contribute to CEs. Increased
recognition of the cumulative nature of impacts has led to the practice of CEAM
within the field of impact assessment. The first decade in the 21st century has
experienced continuing improvements in CEAM practice, particularly as related to
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proposed projects. SEAs, also referred to as Programmatic EISs in the US, have
also given greater attention to CEs (Canter and Rieger, 2005; Therivel and Ross,
2007).

An assessment of Cls focuses on the combined effects of the proposed action
and other actions on specific resources. A Cls analysis typically focuses on a
subset of the resources considered in the analysis of direct and indirect effects. For
each resource considered, the Cls analysis should provide information on the
current health of the resource and historical trends; summarize the direct and
indirect impacts of the proposed action; describe the reasonably foreseeable effects
of other actions; and consider mitigation (Center for Environmental Excellence by
AASHTO, 2016). CEA will also require historical data, showing how the con-
dition of a resource has changed over time. CEA is (or should be) an integral part
of environmental assessment at both the project and the more strategic level
(Therivel and Ross, 2007). CIA helps to link the different scales of environmental
assessment in which it focuses on how a given receptor is affected by the totality of
plans, projects, and activities, rather than on the effects of a particular plan or
project.

Johnson et al. (2011), based on Canadian regulations for CEA, said that a key
component of this effort is regional planning, which will lay the primary foun-
dation for CEs management into the future. Alberta Environment has considered
the information needs of regional planning and has concluded that Regional
Strategic Assessment may offer significant advantages if integrated into the
planning process, including the overall improvement of cumulative environmental
effects assessment in the province.

Authors and organizations have presented some definitions for CIA or CEA.
Judd et al. (2015) have defined CEA as a systematic procedure for identifying and
evaluating the significance of effects from multiple sources/activities and for
providing an estimate on the overall expected impact to inform management
measures. The analysis of the causes (source of pressures and effects), pathways
and consequences of these effects on receptors is an essential and integral part of
the process (Judd er al., 2015).

Different studies show some challenges and problems related to the analysis of
CI. CIA is particularly challenging when several projects from different propo-
nents are presented simultaneously for a region (Neri ef al., 2016). The transition
from single-media, single-location, and single point-in-time analysis to a cumu-
lative approach represents a profound challenge for policy makers, planners,
advocates, and researchers (Huang and London, 2016). The main reasons are the
difficulty of CI identification caused by lack of data, inability to measure the
intensity and spatial effect of all types of impacts and the uncertainty of their future
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evolution (Pavlickova and Vyskupova, 2015). Gunn and Noble (2011) demon-
strate that definitions and conceptualizations of CEA are typically weak in prac-
tice; approaches to effects aggregation vary widely; and a systems perspective
lacks in both SEA and CEA. Also, Stelzenmiiller ef al. (2018) have mentioned that
yet CEA is inherently complex and seldom linked to real-world management
processes for protection of environment.

Another important aspect of assessment of CEs is that some scientists have
emphasized performance of CEA in SEA process. Dovers and Marsden (2002)
have mentioned EIA misses regional impacts, CIs of multiple projects over time,
and may allow environmental death by a thousand small cuts. Masden ez al. (2010)
propose that benefits would be gained from elevating CIA to a strategic level, as a
component of spatially explicit planning because Cls are currently considered on
restricted scales (spatial and temporal) relating to individual development EIAs.
SEA can cope better with CEs, alternatives and mitigation measures than project
assessment because CEs have been formed beyond one project (Glasson et al.,
2013). Bragagnolo and Geneletti (2012) have mentioned the assessment of CI
should go beyond the evaluation of site-specific and direct project impacts, and
this consideration has moved forward the EA legal frameworks from EIA to
regional CEA-SEA. Gunn and Noble (2011) have mentioned the constraints to
assessing and managing cumulative environmental effects in the context of proj-
ect-based environmental assessments that are well documented, and the potential
benefits of a more strategic approach to CEA are well argued; however, such
benefits have still to be clearly demonstrated in practice. Also, it has been argued
that the SEA provides a suitable Impact Assessment (IA) framework for addres-
sing CE because it is applied to developments with broad boundaries, but few have
tested this claim (Bidstrup et al., 2016).

Conducting CEA

Conducting CEA has been mentioned as a challenging topic by different sources.
The difficulty and complexity of implementation of CEA, the lack of systematic
approaches for the implementation of CEA, identifying CEA boundaries clearly,
lack of trained and capable CEA practitioners and managers, and uncertainty in the
results of CEA are some of the challenges for conducting CEA. Uncertainty in
CEA can be rooted in inadequate knowledge, low predictive ability of
ecosystem behavior, natural variability, measurement error, or changing policies
(Stelzenmiiller et al., 2018). However, there were many attempts to solve these
problems, and different organizations and scholars have presented different
methods, ideas, guides, and so on to solve them over the years.
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In recent years, assessment of the VECs has been considered as an important
and essential step in the CIA. The VECs are determined on the basis of perceived
public concerns related to social, cultural, economic, or esthetic values. Generally,
VECs are defined as those aspects of ecosystem or associated socioeconomic
systems that are important to humans (Kominkova, 2008). VECs need not be
necessarily biophysical in nature; rather they may encompass aspects with social
or economical values such as recreational areas, local communities, sensitive
categories of people, etc. (Bragagnolo and Geneletti, 2012).

In most of the CEAs, VECs selection is a core component and gives direction
to impact analysis, mitigation, and monitoring (Olagunju and Gunn, 2015). CEAs
are complex, and cost time and money. For a CEA to be effective in supporting
good overall environmental and social risk management, its scope must be
properly defined. It is unrealistic to think that every environmental and social
aspect that can be subject to CIs can be appropriately factored into a CEA; it is
good practice to focus the assessment and management strategies on VECs
(International Finance Corporation, 2013). While VECs may be directly or indi-
rectly affected by a specific development, they often are also affected by the CEs of
several developments. VECs are the ultimate recipient of impacts because they
tend to be at the ends of ecological pathways (International Finance Corporation,
2013).

CEA conducting frameworks have been promulgated in the US and Canada.
Further, such frameworks (step-wise processes or procedures) have also been
developed for usage in the European Union countries, Australia, New Zealand,
and elsewhere. The conducting frameworks can generally be condensed into the
following six steps (IAIA, 2018; Glasson et al., 2013; Canter and Ross, 2010):
(1) Initiating the CEA process by identifying the incremental effects of the pro-
posed project (or policy, plan, or program) on selected VECs within the environs
of the project location. (2) Identifying other past, present, and reasonably fore-
seeable future actions within the space and time boundaries that have been, are, or
could contribute to CEs (stresses) on the VECs or their indicators. Based on this
knowledge, identifying appropriate spatial and temporal study boundaries for each
VEC. (3) For the selected VECs, assembling appropriate information on their
indicators, and describing and assessing their historical to current conditions.
(4) Connecting the proposed project (or plan, program or policy) and other actions
in the CEA study area to the selected VECs and their indicators and consider
aggregation of effects (prediction of CEs). Many tools could be used to establish
either descriptive or quantitative connections (Table 1). (5) Assessment of the
significance of the CEs on each VEC over the time horizon for the study. Such
significance determinations should begin with the incremental effects (the direct
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Table 1. Presentation of CEA methods and tools.

Used and introduced methods or tools
(references)

Description

Questionnaires and Interviews (Walker and
Johnston, 1999)

Checklists and Matrices (Dutta er al., 2004,
Canter and Ross, 2010)

Network and Systems Analysis/Diagrams
(CEAA, 2014)

Indicators and Indices (Canter and Atkin-
son, 2011; Sutherland et al., 2016; Neri
et al., 2016)

Ecological modeling (DEAT, 2004;
Haverson et al., 2017)

Trends Analysis (CEAA, 2014)

Spatial Analysis (CEAA, 2014; Depelle-
grin, 2016)

Risk-based approach (Battista e al., 2017;
Stelzenmiiller et al., 2018)

Interviews and questionnaires can be used to assist
in the collection of baseline data and increase
understanding of the environmental effects of
other physical activities, the VECs affected,
and possible mitigation measures.

In Checklists, potential cumulative impacts can be
identified by using a list of common or likely
effects. Matrices can be used in the analysis of
the additive and interactive effects of various
configurations of multiple projects.

Networks and system diagrams are useful for
mapping and identifying cause-and-effect
relationships, which result in cumulative
effects.

Describing baseline conditions of VECs. Predict-
ing the cumulative consequences of multiple
actions. Identifying and evaluating incremental
and cumulative effects of VECs against
threshold. Developing effective mitigation
measures for incremental effects.

Computer modeling of ecosystems for which the
structure and processes are fairly well
understood.

Trends can help practitioners identify cumulative
effects issues, establish appropriate environ-
mental baselines, or project future cumulative
effects.

Identifying where cumulative effects may occur
as a result of the geographic location of the
project in relation to other physical
activities. Also, spatial analysis system
such as geographic information system (GIS)
is suitable for cumulative visual impact
assessment.

Entrenching CEAs in a risk management process,
comprising the steps of risk identification, risk
analysis, and risk evaluation.
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Table 1. (Continued)

Used and introduced methods or tools
(references)

Description

Habitat suitability modeling (Bragagnolo
and Geneletti, 2012)

Scenarios Analysis (Bragagnolo and
Geneletti, 2012; Weber et al., 2012)

Environmental Management Systems
(Canter and Ross, 2010)

Carrying Capacity Analysis (DEAT, 2004;
Walker and Johnston, 1999)

Expert Opinion (Walker and Johnston,
1999)

Comprehensive ecosystem risk assessment model

allows analysts to consider the cumulative
impact of multiple threats, interactions among
threats that may result in synergistic or antag-
onistic impacts, and the impacts of a suite of
threats on whole-ecosystem productivity and
functioning, as well as on ecosystem services
(Battista et al., 2017).

Quantifying cause-effect relationships leading to

CE (e.g. air, hydrological, water quality, noise,
transport).

Scenario analysis is a process of analyzing pos-

sible future events by considering alternative
possible outcomes. It is used to predict CE of
future scenarios and to assess likely effective-
ness of CE mitigation measures.

For VECs or their indicators that are expected to

be subject to negative incremental impacts
from the proposed project and for which the
cumulative effects are significant, develop ap-
propriate action-specific “mitigation measures”
for such impacts.

In the ecological context, carrying capacity is

defined as the threshold below which ecosys-
tem functions can be sustained. By identifying
these limits, projects can be systematically
assessed in terms of their additional environ-
mental impacts in relation to carrying capacity.
The threshold approach is therefore highly
applicable to the evaluation of cumulative
impacts.

Expert Panels can be formed to facilitate exchange

of information of different aspects of the
impacts of a project.
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and indirect effects) of the proposed action on specific VECs. The focus is on the
VEC, not on the action. (6) For VECs or their indicators that are expected to be
subject to negative incremental impacts from the proposed project and for which
the CEs are significant, developing appropriate action-specific “mitigation mea-
sures” for such impacts. Uncertainty can also be factored in by including moni-
toring and applying adaptive management (follow-up activities).

To perform CEA, some methods and tools are required (Table 1). These
methods and tools are used based on different performance steps of CEA and aims
of studies. Based upon the review of various CEA informational sources, it can be
concluded that many of the current and developing methods and tools are similar
to those used for EIA practice. Mahatha and Dutta (2003) have explained how
different activities should be performed to address Cls within the basic EIA
framework (Dutta et al., 2004). According to this, an essential difference between
the project-specific EIA and CIA is the consideration of larger geographical and
temporal boundaries to include other past, present, and reasonably future actions
during both the scoping and analysis phases of the process (Dutta et al., 2004)
CEAA (1999). Therefore, any methodology for CIA should essentially demon-
strate how the other actions could be considered during these two phases. When
any overlap between the impact zones of the project under study and that of the
other projects occurs, it is concluded that the area under the overlap zones could be
subjected to Cls.

Discussion

It is obvious CEA has grown more in the recent decade than earlier decades
generally. But, some authors have mentioned insufficient attention to CEA in
impacts’ assessment of projects and plans, with the included information being
very brief and reflective of “assertions without analyses” (Canter and Ross, 2010).
The CEA information is very brief and does not demonstrate that any efforts were
made to follow systematic CEA processes such as the six steps noted above. Apart
from technical and scientific issues, these points can be focused on the fact that
practitioners of EISs and CEAs just follow the adoption of them with minimal cost
and in shorter time.

Many papers have notified complexity of CEA in practice and identification of
CIs in assessments. It can be returned to essence of environmental assessments that
have to focus on future consequences, and this situation is complex substantive.
Also, a lack of knowledge with respect to how to include CEs and lack of clear
regulations concerning how this should be done are the most complex criteria of
CEA that have been mentioned by authors.
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There are important discussions, in the papers and texts, regarding the deter-
mination of CEAs place in environmental assessments. The most of guides and
regulations consider performance of CEA during EIA of projects. Also, there is an
important consideration regarding performance of CEA in SEAs process, and
some reasons have been presented for this consideration.

Based on the review of references, the preparation and implementation of
applicable guides and frameworks for the development and improvement of CEA
are important and necessary. It should be noted that CEA is a professional study,
and it is under conditions of launching the developmental, industrial, and so on
projects or plans, it is not a study in academic conditions. Therefore, introducing
guides and approaches that consider feasibility of execution, financial constraints,
time constraints, and achievement of efficient findings is important for the de-
velopment and improvement of the CEA. Of course, there have been some
advances in the feasibility and effectiveness of CEA implementation over the past
years such as considering the VECs for CEA conducting and presenting practical
guides such as “Good Practice Handbook: Cumulative Impact Assessment and
Management (International Finance Corporation, 2013)” and “ASSESSING IN-
DIRECT EFFECTS AND CUMULATIVE IMPACTS UNDER NEPA (Center for
Environmental Excellence by AASHTO, 2016)”.

Investigation on the methods and tools application for CEA is an active part in
terms of introducing new approaches and problem solving. There are some refer-
ences for CEA’s empowerment based on the introduction of new methods and tools.
Many researchers have been researching for operations and eliminating complex-
ities and ambiguities in CEA. Risk assessment approaches and modeling are the
most used innovative methodologies for the improvement of CEA recently. The
researchers have tried to place CEA in the form of risk assessment methodology.

For preparation of this paper, many resources have been reviewed since 1970,
based on which the improvement in performance and knowledge of CEA is ob-
vious. Experts have worked to expand CEA in environmental studies. Because, it
is known to them that CEs have an important role in environmental changes and
problems. It is also worth to mention that most CEA practitioners have reached
more or less identical views about CEAs different aspects and performance steps.

References

Battista, W, K Karr, N Sarto and R Fujita (2017). Comprehensive assessment of risk to
ecosystems (CARE): A cumulative ecosystem risk assessment tool. Fisheries Research,
185, 115-129.

1850008-14



Cumulative Effects Assessment

Bidstrup, M, L Kgrngv and MR Partidario (2016). Cumulative effects in strategic envi-
ronmental assessment: The influence of plan boundaries. Environmental Impact
Assessment Review, 57, 151-158.

Bragagnolo, C and D Geneletti (2012). Addressing cumulative effects in strategic envi-
ronmental assessment of spatial planning. Aestimum, 60, 39-52.

Canter, L, SF Atkinson and B Sadler (2010). Introduction to a special issue on cumulative
effects assessment and management. Impact Assessment and Project Appraisal, 28(4),
259-260.

Canter, L and D Rieger (2005). Cumulative effects assessment as the integral component
of the programmatic EIS, presented at the International Association for Impact Assess-
ment (IAIA’05) Theme Forum entitled “The Ohio River Mainstem Systems Study
(ORMSS) — A Case Study Illustrating Innovative Approaches.” Boston, Massachusetts.

Canter, L and B Ross (2010). State of practice of cumulative effects assessment and
management: The good, the bad and the ugly. Impact Assessment and Project
Appraisal, 28(4), 261-268.

CEAA (Canadian Environmental Assessment Agency) (1999). Cumulative effects
assessment practitioners guide. Canadian Environmental Agency, Catalogue No
En106-44/1999E, Hull, Quebec.

CEAA (Canadian Environmental Assessment Agency) (2014). Technical guidance for
assessing cumulative environmental effects under the Canadian Environmental
Assessment Act. Available at: www.ceaa-acee.gc.ca [accessed 10 January 2018].

Center for Environmental Excellence by AASHTO (2016). Assessing Indirect Effects and
Cumulative Impacts Under Nepa (Aashto Practitioner’s Handbook). Washington, DC:
American Association of State Highway and Transportation Officials (AASHTO).

Crain, CM, K Kroeker and BS Halpern (2008). Interactive and cumulative effects of
multiple human stressors in marine systems. Ecology Letters, 11(12), 1304-1315.

DEAT (2004). Cumulative Effects Assessment, Integrated Environmental Management.
Information Series 7. Pretoria: Department of Environmental Affairs and Tourism
(DEAT).

Depellegrin, D (2016). Assessing cumulative visual impacts in coastal areas of the Baltic
Sea. Ocean and Coastal Management, 119, 184—198.

Dixon, J and BE Montz (1998). From concept to practice: Implementing cumulative
impact assessment in New Zealand. Environmental Auditing Environmental Manage-
ment, 19(3), 445-456.

Dovers, S and S Marsden (2002). Strategic Environmental Assessment in Australasia.
Annandale: Federation Press.

Dutta, P, S Mahatha and P De (2004). A methodology for cumulative impact assessment
of opencast mining projects with special reference to air quality assessment. Impact
Assessment and Project Appraisal, 22(3), 235-250.

Eccleston, CH (2011). Environmental Impact Assessment: A Guide to Best Professional
Practices. New York: CRC Press.

1850008-15



P. Roudgarmi

Eccleston CH and Doub JP (2016). Effective Environmental Assessments: How to Manage
and Prepare NEPA EAs. New York: CRC Press.

Ehrlich, A (2010). Cumulative cultural effects and reasonably foreseeable future devel-
opments in the Upper Thelon Basin, Canada. Impact Assessment and Project Appraisal,
28(4), 279-286.

Elvin, SS and GS Fraser (2012). Advancing a national strategic environmental assessment
for the Canadian offshore oil and gas industry with special emphasis on cumulative
effects. Journal of Environmental Assessment Policy and Management, 14(30), 1-37.

Franks, DM, D Brereton and CJ Moran (2010). Managing the cumulative impacts of coal
mining on regional communities and environments in Australia. Impact Assessment and
Project Appraisal, 28(4), 299-312.

Gillingham, MP, GR Halseth, CJ Johnson and MW Parkes (2016). The Integration Im-
perative Cumulative Environmental. Community and Health Effects of Multiple Natural
Resource Developments. Switzerland: Springer.

Glasson, J, R Therivel and A Chadwick (2013). Introduction to Environmental Impact
Assessment. 4th Ed. Oxon: Rutledge.

Gunn, J and BF Noble (2011). Conceptual and methodological challenges to integrating
SEA and cumulative effects assessment. Environmental Impact Assessment Review,
31(2), 154-160.

Halseth, GR (2016). Cumulative effects and impacts: Introducing a community perspec-
tive. In The Integration Imperative: Cumulative Environmental, Community and Health
Effects of Multiple Natural Resource Developments, MP Gillingham, GR Halseth,
CJ Johnson and Parkes MW (ed.), pp. 83-115. Ist Ed. Cham: Springer International
Publishing.

Haverson, D, J Bacon, HCM Smith, V Venugopal and Q Xiao (2017). Cumulative impact
assessment of tidal stream energy extraction in the Irish Sea. Ocean Engineering, 137,
417-428.

Huang, G and JK London (2016). Mapping in and out of “messes”: An adaptive, par-
ticipatory, and transdisciplinary approach to assessing cumulative environmental justice
impacts. Landscape and Urban Planning, 154, 57-67.

TAIA (International Association for Impact Assessment) (2018). Cumulative Effects As-
sessment and Management. Available at: http://www.iaia.org/wiki-details.php?ID=9/
Inform database [accessed 10 January 2018].

International Finance Corporation (2013). Good Practice Handbook: Cumulative Impact
Assessment and Management. Washington: World Bank.

James, E, P Tomlinson, V McColl and C Fry (2003). Final Report — Literature Review/
Scoping Study on Cumulative Effects Assessment and the Strategic Environmental
Assessment Directive (PR SE/730/03). Available at: http://www.sea-info.net/files/
general/Cumulative_Effects_EA_FinalReport.pdf [accessed 25 March 2017].

Johnson, D, K Lalonde, M McEachern et al. (2011). Improving cumulative effects as-
sessment in Alberta: Regional strategic assessment. Environmental Impact Assessment
Review, 31(5), 481-483.

1850008-16



Cumulative Effects Assessment

Jones, FC (2016). Cumulative effects assessment: Theoretical underpinnings and big
problems. Environmental Reviews, 24(2), 187-204.

Judd, AD, T Backhaus and F Goodsir (2015). An effective set of principles for practical
implementation of marine cumulative effects assessment. Environmental Science &
Policy, 54, 254-262.

Knight, R (2009). Landscape and Visual. In Methods of Environmental Impact Assess-
ment, P Morris, R Therivel (eds.), 3rd Ed. Oxon: Routledge, pp. 120-144.

Kominkova, D (2008). Environmental impact assessment and application-part 2. In
Encyclopedia of Ecology, SE Jorgensen, B Fath (eds.), Ist Ed. Amsterdam: Elsevier
Science, pp. 1329-1338.

Li, JC (2008). Environmental impact assessments in developing countries: An oppor-
tunity for greater environmental security? Working Paper No. 4, Falls Church:
USAID FESS.

Lockie, S, M Franetovich, Sharma S et al. (2008). Democratisation versus engagement?
Current practice in Social impact assessment, economic impact assessment and com-
munity participation in the coal mining industry of the bowen basin, Australia. Impact
Assessment and Project Appraisal, 26(3), 177-187.

Loxton, EA, J Schirmer and P Kanowski (2013). Exploring the social dimensions and
complexity of cumulative impacts: A case study of forest policy changes in Western
Australia. Impact Assessment and Project Appraisal 31(1), 52—-63.

Masden, EA, AD Fox, RW Furness et al. (2010). Cumulative impact assessments and bird/
wind farm interactions: Developing a conceptual framework. Environmental Impact
Assessment Review, 30(1), 1-7.

Neri, AC, P Dupin and LE Séanchez (2016). A pressure—state—response approach to
cumulative impact assessment. Journal of Cleaner Production, 126, 288-298.

Olagunju, AO and JAE Gunn (2015). Selection of valued ecosystem components in
cumulative effects assessment: Lessons from Canadian road construction projects.
Impact Assessment and Project Appraisal, 33(3), 207-219.

Pavlickova, K and M Vyskupova (2015). A method proposal for cumulative environ-
mental impact assessment based on the landscape vulnerability evaluation. Environ-
mental Impact Assessment Review, 50, 74-84.

Schmidt, M, E Joao, E Albrecht (2005). Implementing Strategic Environmental Assess-
ment. Berlin: Springer.

Seitz, NE, CJ Westbrook and BF Noble (2011). Bringing science into river systems
cumulative effects assessment practice. Environmental Impact Assessment Review,
31(3), 172-179.

Short, M, M Baker, J Carter, C Jones and S Jay (2013). Strategic Environmental
Assessment and Land Use Planning: An International Evaluation. London: Routledge.

Stelzenmiiller, V, M Coll, AD Mazaris et al. (2018). A risk-based approach to cumulative
effect assessments for marine management. Science of The Total Environment, 612,
1132-1140.

1850008-17



P. Roudgarmi

Sutherland, GD, FL Waterhouse, J Smith, SC Saunders, K Paige and J Malt (2016).
Developing a systematic simulation-based approach for selecting indicators in strategic
cumulative effects assessments with multiple environmental valued components.
Ecological Indicators, 61, 512-525.

Therivel, R and B Ross (2007). Cumulative effects assessment: Does scale matter?
Environmental Impact Assessment Review, 27(5), 365-385.

The Scottish Government (Scottish Executive) (2006). Strategic Environmental Assess-
ment Tool Kit. Available at: http://www.gov.scot/Publications/2006/09/13/[10 January
2018].

Vanclay, F and AM Esteves (2011). New Directions in Social Impact Assessment:
Conceptual and Methodological Advances. Cheltenham: Edward Elgar Publishing.
Walker, L and J Johnston (1999).Guidelines for the Assessment of Indirect and Cumulative

Impacts as well as Impact Interactions. Luxembourg: European Commission.

Weber, M, N Krogman and T Antoniuk (2012). Cumulative effects assessment: Linking
social, ecological, and governance dimensions. Ecology and Society, 17(2), 22-28.
Zhao, M, DR Becker and MA Kilgore (2012). Barriers to and opportunities for effective
cumulative impact assessment within state-level environmental review frameworks
in the United States. Journal of Environmental Planning and Management, 55(7),

961-978.

1850008-18



	Cumulative Effects Assessment (CEA), A Review
	Introduction
	Concept and Definition of Cumulative Effects
	Social CEs
	CEA in Different Countries
	Cumulative Effects Assessment
	Conducting CEA
	Discussion
	References


