
ENVIRONMENTAL IMPACT
ASSESSMENT

1. Introduction

In January 1970 the National Environmental Policy Act (NEPA) became law in
the United States. It was intended as a federal response to increasing domestic
problems of environmental pollution and natural resource degradation. At that
time it was hard to imagine that the law would become the cornerstone of a new
applied science of environmental impact assessment (EIA) and its basic elements
would be replicated in over 100 countries around the world. These countries have
adapted specific mandatory planning procedures for the evaluation of proposed
actions that may impact environmental quality.

These procedures include: a preliminary screening for significance of
impacts; a scoping process to consider alternatives and to focus subsequent ana-
lysis on the most significant impacts; and the preparation of an environmental
assessment (EA) document which is subject to some form of public review or
comment.

The field of environmental impact assessment (EIA) is becomingly increas-
ingly important to the chemical industry and to those using chemical technolo-
gies. EIA requirements are sometimes applied directly to some chemical
industries or to projects with certain chemical technologies, such as hazardous
waste treatment. Although requirements vary greatly, chemical industries can
be subject to EIA requirements because the proponent is public, the proposed
action occurs on public lands, the proposed action is publicly funded or funded
by a development bank, or a specified government approval requirement ‘‘trig-
gers’’ EIA requirements. A chemical industry also can be affected if the proposed
action is likely to adversely affect environmentally significant areas or species.

A shift in emphasis has occurred in EIA in recent years toward regional or
‘‘place-based’’ approaches. This dovetails with the greater use of strategic envir-
onment assessments (SEA) of plans, programs and policies and an increasing
effort to integrate EIA, environmental planning, and environmental manage-
ment. Chemical industry choices, regarding, eg, locations for new facilities can
be greatly influenced by such strategic planning endeavors.

228 ENVIRONMENTAL IMPACT ASSESSMENT Vol. 10

Kirk-Othmer Encyclopedia of Chemical Technology. Copyright John Wiley & Sons, Inc. All rights reserved.



EIA can be relevant to a chemical industry even when EIA ‘‘requirements’’
are not involved. Sometimes a new or expanded chemical facility can be very con-
troversial. A voluntary EIA procedure, whereby environmental impacts are sys-
tematically and openly identified, documented and managed, can help anticipate
and respond to community and agency concerns. Government agencies, familiar
with EIA procedures and methods, can be more comfortable with documents and
planning processes that conform to ‘‘good practice’’ EIA. Also, EIA can extend
and complement corporate and public sector environmental and social objectives,
policies and auditing procedures, eg, environmental management systems
(EMS). Increasingly, EIA and other corporate environmental performance
instruments are being linked and integrated.

In view of these connections between EIA and the chemical industry it is
prudent to be aware of this rapidly evolving field and of its potential implications
for the chemical industry. This article highlights the general characteristics of
the field: its definition; origins; evolution; and types. It provides an overview of
EIA institutional arrangements, as legislation, regulations, guidelines, regula-
tory systems, and reforms. It describes EIA processes and methods. It identifies
emerging trends shaping future EIA requirements and practices.

2. General Characteristics

2.1. EIA Defined. EIA is a systematic process of:

� Determining and managing, which includes identifying, describing,
measuring, predicting, integrating, communicating, and involving and
controlling,

� Potential, or real, impacts that are direct and indirect, individual and cu-
mulative, and the likelihood of occurrence

� Proposed, or existing, human activities such as projects, plans, programs,
legislation, activities, and their alternatives

� Environment, which incompasses physical, chemical, ecological, cultural,
human health, social, economic, built, and interrelationships. (1)

EIA is an interdisciplinary field of study that draws upon both the natural and
social sciences. It is an interprofessional field that both encompasses a core body
of knowledge, skills, and methods, and integrates the knowledge and skills of
numerous other applied professions and disciplines. EIA seeks to advance
environmental values and ethical principles. It is formalized through institu-
tional arrangements. It is linked to decision-making. Hence it is political
because power is exerted. It results in positive and negative environmental
changes.

2.2. Origins of EIA. EIA have been linked to public concerns with the
natural environment extending back to at least the 18th century (2). The origins
of social impact assessment (SIA), in the sense of applying scientific analyses to
demographic and health concerns, have been traced back to the 17th century (3).
But the history of EIA, as a legislated and regulated procedure for assessing the
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environmental effects of proposed actions, is customarily viewed as beginning
with the introduction of the National Environmental Policy Act (NEPA) in the
United States in 1969. Since that time EIA has expanded rapidly, particularly
over the past two decades (SIA is treated here as a subset of EIA). By 1996 it
had spread to over 100 countries in six continents. It is widely applied at differ-
ent government levels and by international aid agencies to both public and
private undertakings.

2.3. Evolution of EIA. The evolution of EIA has varied greatly among
jurisdictions. But the general pattern has been a broadening of the initial
focus on individual physical and biological effects to encompass an increased con-
cern with direct and indirect, individual and cumulative social, cultural, human
health, and ecological effects. The initial emphasis was on large capital projects.
More stress is now being placed on assessing (to varying degrees) the effects of
policies, plans, programs, legislative proposals, technologies, products and trade
agreements. Over time EIA methods have become more sophisticated. Links
have been forged with related fields that include planning, risk assessment,
and environmental management. Increased attention has been devoted to trans-
boundary effects, eg, on the neighboring jurisdictions and on the global commons,
to EIA applications in developing countries by aid agencies, to EIA legislation by
developing countries, to institutional capacity building, to such global issues
such as climate change, biodiversity, and sustainability, and to enhancing the
quality and effectiveness of EIA practice at both the regulatory and applied
levels (4).

2.4. EIA Objectives. Many objectives have been advanced for EIA (5).
Most directly it has sought to incorporate, from an early stage, environmental
information and interpretations into planning and decision-making procedures
and documents. Better environmental analysis, it is hoped, will result in more
informed and balanced decision-making, more environmentally sound undertak-
ings, and an enhanced environment not dominated by technical, cost and eco-
nomic considerations. The regulatory regime associated with EIA is expected
to alter organizational values, attitudes and behavior, and to contribute to
more open, systematic, accountable, and effective organizations and decision-
making. EIA also has been described as a means of facilitating public, profes-
sional and scientific involvement in decision-making and of contributing to
inter and intra-agency coordination. Increasingly, EIA is viewed as one instru-
ment among many for achieving broader environmental objectives such as sus-
tainability. After more than thirty years there remains considerable uncertainty
and much debate regarding the extent to which these objectives should or have
been achieved.

2.5. EIA Types. There are numerous impact assessment types that fall
under the EIA umbrella. Examples are given in Table 1.

Opinions vary regarding the appropriate scope of each impact assessment
type. Consequently, the impact assessment types overlap. Also, there are other
assessment forms, for example, gender, environmental justice, climate impact,
fiscal impact, trade agreement, regulatory and global effects, that could be
viewed as distinct impact assessment types, as subsets or as methods. Although
debatable, EIA is defined broadly, for the purposes of this article, to encompass
all impact assessment types.
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3. EIA Institutional Arrangements

3.1. EIA Legislation, Regulations and Guidelines. EIA institutional
arrangements begin with legislation, regulations, guidelines and case law.
Increasingly EIA requirements from the senior government levels in the United
States, Canada, Europe and Australia can be accessed at government web sites.
EIA legislation and regulations identify the purpose and objectives of the legisla-
tion. They define the environment and environmental effects. In most jurisdic-
tions social and economic effects are either not considered or only indirect
social and economic effects are addressed. Sometimes the purpose of EIA legisla-
tion is defined broadly but the scope of requirements within the body of the
legislation is more narrowly defined.

EIA requirements generally specify what ‘‘triggers’’ the process action type,
proponent type, environment type, a combination. They sometimes indicate what
does not trigger EIA requirements. The procedures for making discretionary
judgments regarding the application of EIA requirements are usually outlined.
EIA requirements detail the content requirements for different EIA document
types, eg, overview documents, detailed analyses, SEAs. They identify proce-
dural stages, specify decision points, describe the roles of the major parties in
the process, outline agency review procedures and detail document circulation,
review and approval procedures. They indicate other government requirements
that may be integrated into EIA requirements. They include provisions for public
access to project-related information and documents. They commonly outline
decision-making criteria, include timing limits, describe documentation require-
ments, specify agency and public notification and involvement procedures, indi-
cate links to other government levels, include procedures for addressing

Table 1. Impact Assessment Types

Impact assessment What is assessed?

ecological potential ecosystem impacts
social (SIA) consequences on people and on how people and

communities interact with their surroundings
economic impacts on how people make a living, on material

well-being, and on economic activities
strategic environmental (SEA) environmental impacts of a policy, plan or program and

its alternatives, generally within policy sectors
cumulative effects (CEA) impacts of an action when combined with other past,

present and reasonably foreseeable future human
activities

technology (TA) effects on society from new or modified technology
human health impact (HIA) human health impacts of a proposed action
sustainability appraisal or SA extent to which action contributes to or undermines

ecological and societal sustainability
life cycle (LCA) environmental effects of products, processes, systems

and services during their life cycles
integrated environmental (IEA) the ecological, economic, social and institutional effects

of societal activities and government policy, across
policy sectors
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transboundary effects, provide for post-approval follow-up, and cross reference
other policies and requirements.

EIA guidelines generally address procedures for preparing various EIA
document types, for interagency coordination, and for public and other govern-
ment notification and involvement. More specific advice is sometimes provided
for various EIA activities such as scoping, alternatives analysis, cumulative
effects assessment (CEA), project characteristics descriptions, significance inter-
pretation, for various impact types, which can include climate change, ecological,
heritage, health, for certain project types, eg, mining, pipelines, for public policy
links, eg, environmental justice, the precautionary principle, biodiversity, and to
facilitate good practice with effective public participation. Checklists and train-
ing materials are sometimes provided to guide document preparation and pro-
cess design and management. Proposal-specific requirements are prepared in
many jurisdictions.

3.2. EIA Regulatory Systems. Stepping back from the myriad of
detailed EIA requirements to appreciate the broad patterns can be conducive
to better understanding an EIA regulatory system as it as and as it is evolving
and for reforming, refining and more effectively implementing and applying EIA
requirements and guidelines. The initiative for making such system changes
need not reside only with government. Other parties, including industry, can
assume an important role.

EIA systems tend to start with the questions of what should trigger the
application of EIA requirements and which set of requirements should be
applied. Such ‘‘screening’’ questions can focus on various actions (what), on pro-
ponents (who) or on environments (where). Each screening decision involves sig-
nificance judgments, whether it is important enough to institute EIA
requirements, or to warrant EIA requirement ‘‘a’’ or ‘‘b’’. Most EIA systems
involve action, proponent and environment combinations. How these elements
are combined depends on whether the role of EIA requirements is primarily
seen as building environmental considerations into proponent or action-related
decision-making or protecting and enhancing the environment. The first objec-
tive tends to be emphasized in proponent driven EIA systems as occur in the
United States and Canada and in action-driven EIA systems as occurs in Europe.
These systems only indirectly consider the second objective, usually by means
of other regulatory requirements that are selectively built into the EIA review
process. The preservation and enhancement of highly significant environmental
areas and species tends to be the focus with environment driven EIA systems as
occurs in Australia. Incorporating environmental considerations into proponent
and action decision-making tends to be a secondary concern with such systems.

EIA regulatory systems, to varying degrees, include requirements and pro-
vide guidance concerning individual EIA activities. EIA requirements tend to
identify objectives, specify minimum requirements and include general perfor-
mance standards or criteria. EIA guidelines tend to offer good practice guidance.
A balance is generally sought between ensuring a consistent level of adequate
practice and not stifling innovation and necessary proposal and setting specific
adjustments.

Integration and coordination are central attributes of EIA regulatory sys-
tems. EIA requirements and guidelines tend to briefly refer to interconnections
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among EIA process activities. They generally include extensive horizontal coor-
dination procedures pertaining to, for example, links to related laws, regulations
and permits, connections to related policies, programs and plans, interactions
with related projects and activities, and interrelationships with the actions of
other government departments and agencies. EIA regulatory systems also
refer to vertical coordination mechanisms. These include links to other (state/
provincial/territorial, municipal) government levels, interconnections among
EIA types (such as from policies, down through programs, plans and projects),
and procedures for interacting with the public, with businesses and with non-
government organizations.

Extra-territorial connections are sometimes cross-referenced in EIA
requirements. Such links include, for example, impacts on neighboring countries,
impacts on the global commons such as oceans, impacts from development aid
and the application of international environmental standards and protocols.
EIA requirements and guidelines, to varying degrees, consider EIA knowledge
base connections. These links are addressed by, for example, sponsoring applied
environmental and EIA research, provisions to integrate scientific, technical,
community and traditional knowledge, environmental monitoring requirements,
and guidance regarding the conduct of interdisciplinary analyses.

3.3. EIA Reform. EIA requirements and guidelines are a ‘‘moving
target’’. Most jurisdictions provide for the periodic review and reform of EIA
requirements. Major reviews have recently occurred in both the United States
and Canada. Sometimes one EIA regulatory system is replaced with a fundamen-
tally different system as occurred in Australia, or supplementary EIA require-
ments are introduced. The new SEA requirements in Europe are an example.
Or existing systems are refined and modified after a major public review as
occurred in Canada. Frequently annual reviews or audits of the performance
of EIA regulatory systems are conducted to refine procedures and to ‘‘red flag’’
areas requiring attention. Informal refinements, elaborations and adjustments
to procedures and guidelines occur in a continuing effort to optimize system per-
formance and to keep abreast of ‘‘good practice’’. Such efforts are furthered by
effectiveness reviews of EIA system components, by EIA follow-up studies, by
EIA document quality assessments and though the sponsoring of applied
research. Sometimes reforms are externally imposed by judicial decisions.

The nature of EIA regulatory reform varies among jurisdictions. The gen-
eral thrust in the United States and Canada, at the federal level, has been
toward higher quality data, documents and analyses, clarified requirements,
improved guidance, more efficient and effective interagency and intergovern-
mental procedures, better communications and coordination, and enhanced pub-
lic access to information and involvement (6,7). The United States has addressed
substantive environmental concerns through proposed measures to facilitate
adaptive management in EIA, to further the use of ecosystem and ‘‘place
based’’ EIA approaches, and to better integrate procedural with substantive
environmental requirements (8). Canada has addressed environmental sub-
stance by reforms that strengthen follow-up, that recognize the value of regional
studies, and that facilitate the use of community and traditional knowledge. Both
jurisdictions acknowledge the need to more effectively assess alternatives and to
improve social, cultural and economic analyses. Europe has concentrated more
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on advancing the use and effectiveness of SEA and on clarifying the interconnec-
tions between EIA procedural requirements and substantive environmental
policies and requirements (9).

4. EIA Processes and Methods

4.1. EIA Activities. Figure 1 presents an example EIA process. In prac-
tice there are multiple EIA process design and management choices. EIA process
activities also are highly interactive and often occur in different forms at differ-
ent stages in the EIA process.

Screening. Screening determines if and which EIA requirements will be
applied to a proposed action. Screening requirements should ensure actions with
likely significant environmental impacts are thoroughly assessed, actions with
an uncertain potential for significant impacts are assessed in sufficient detail
to make reliable significance judgments, and actions with no or very limited
anticipated environmental impacts are either subject to an overview analysis
or are not assessed. Screening attempts to apply consistent, explicit and appro-
priate decision rules that focus on what matters environmentally.

Scoping. Scoping identifies potentially significant issues, options,
impacts and affected parties. It then focuses and plans the overall EIA process.
Stakeholder participation is crucial to scoping success. Numerous value judg-
ments and preliminary evaluations occur in scoping.

Need and Proposal Characteristics. Need flows from the purpose of the
proposed action. It should be defined sufficiently broadly that all reasonable
alternatives for meeting the need are considered. Proposal characteristics focus
on those proposal attributes most likely to induce impacts, especially on sensitive
and significant environmentally components and systems. Such proposal attri-
butes are generally the departure point for identifying alternative means and
mitigation measures. Proposal characteristics evolve, at progressively greater
levels of detail, through the EIA process.

Alternatives Analyses. Alternatives analyses focus on available choices
for avoiding and minimizing adverse environmental effects and for enhancing
benefits. They explore how to meet the need and how to implement the proposed
action. Examples of the many types of alternatives are institutional, technologi-
cal, location, design, construction, operations, energy conservation, pollution con-
trol, waste management, mitigation, and after use. Alternatives can be screened
for acceptability. They also can be compared to one another or against a base
case. Alternatives analyses should be explicit and consistent. There should be
clearly defined, substantiated, and applied criteria and evaluation procedures.
Procedures for generating and evaluating alternatives are inherently subjective.
They are generally best undertaken with considerable agency and public
involvement.

Baseline Analysis. Baseline analyses characterize historical, current and
likely future environmental conditions, assuming no proposed action or its alter-
natives. Baseline analyses support screening, scoping, alternatives evaluation,
impact prediction, and mitigation and monitoring activities, although at varying
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Fig. 1. Example of EIA Process.
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levels of detail. Appropriate temporal, spatial, administrative, and ecological
boundaries are crucial to effective baseline analysis. Future environmental con-
ditions should match the duration and spatial extent of potential effects. Effec-
tive baseline analyses focus on the sensitivity and significance of environmental
components, functions, processes and systems.

Impact Analysis. Impact analysis identifies and characterizes impacts
resulting from the proposed action and in conjunction with other activities
(CEA). It also identifies uncertainties, reduces uncertainties where practical
and indicates the implications of uncertainties. Impacts can be characterized
in many ways such as magnitude, temporal distribution, spatial distribution, dis-
tribution by population group, probability, reversibility, positive/negative, direct,
indirect, and cumulative. Impact analysis occurs both within and among envir-
onmental specialties. Examples of environmental specialties include air, surface
water, soil, noise, visual, ecological, cultural, social, and economic. Impact analy-
sis incorporates both qualitative and quantitative data. It occurs at different
levels of detail depending on the EIA process activity.

Significance Interpretation. Significance interpretation or determination
involves subjective judgments about importance. It includes such judgments as
important enough to be considered, to require more detailed analysis, to warrant
stakeholder involvement, to necessitate mitigation, enhancement or compensa-
tion, to provide a basis for rejection or acceptance of the proposed action, or its
alternatives, or to require monitoring. Significance judgments can apply to envir-
onmental components or interactions, to uncertainties, to proposal characteris-
tics, to impacts, to public or agency concerns, and to management methods.
Although often informed by technical procedures, significance judgments are
subjective, value-based, context-dependent and because they are linked to deci-
sions, political. There are both significance thresholds and significance scales.
Sometimes individually insignificant impacts when combined, as cumulative
impacts, become significant.

Management. Management is used in several ways. Management, as a
control function, is recurrent in every activity. Management can take the form
of mitigation enhancement or compensation. There also are monitoring (baseline,
source, compliance, effects, mitigation effectiveness), auditing (eg, prediction
accuracy), emergency response, financial security, environmental liability and
contingency measures. An impact management strategy can integrate individual
management measures.

Synthesis. Synthesis takes many forms. Interrelationships among propo-
sal elements, linkages among environmental components, aggregation in
evaluation, CEA, the integration of study team inputs and documentation, the
integration of individual actions and tasks within strategies, the reaching of overall
conclusions in decision-making in the EIA process are examples. Both data and
perspectives are combined. Full integration (eg, disciplinary barriers, irreconcil-
able value differences) is often neither possible nor desirable. Synthesis is often
uncertain. It involves many value judgments. There is no single best way to inte-
grate. Synthesis tends to begin with the exploration of interrelationships. Infor-
mation loss is inherent to synthesis. Managing and considering the implications
of such losses is an essential feature of synthesis. Synthesis is often nonadditive
and tends to be a collaborative activity.
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Documentation. EIA reports generally describe the EIA process and
document the outcomes of each activity. Usually there are draft and final EIA
documents. Decision makers, interested publics and government agencies gener-
ally review EIA documents. Executive summaries, summary reports and other
summary materials are usually prepared and broadly distributed. The EIA
reports generally are linked directly to regulatory requirements. The role of pub-
lic and agency involvement is commonly fully documented. Details of the public
involvement program are often provided in a separate support report. Support
materials are usually provided in technical appendices and in supplementary
reports. Interim documents are often prepared. It is good practice to provide a
clear rationale for all assumptions, findings, interpretations, conclusions and
recommendations. Post-approval documents are increasingly being required.

Participation. Public and agency participation increasingly occurs in all or
most EIA activities. Participation procedures vary by activity and by stakeholder
group. Greater stress is being placed on earlier and more continuous EIA invol-
vement. More emphasis is being placed on offsetting procedural inequities and
on involving traditionally unrepresented and underrepresented groups and
interests, including surrogates for future generations. Participation increasingly
extends beyond approval. It encompasses communications, education, involve-
ment, negotiations and collaboration activities. Greater use is being made of
alternative dispute resolution, such as facilitation or mediation, to identify, clar-
ify, reconcile and accommodate conflict, to build and maintain consensus, and to
contribute to environmentally sound outcomes.

Review and Decision-making. There are often several formal (eg, screen-
ing, scoping, review of draft and final EIA reports) and informal (eg, need, alter-
natives analysis, baseline analysis, impact analysis, impact interpretation)
decisions in the EIA process. Decision-making increasingly extends to post-
approval monitoring and auditing. Early and ongoing agency involvement is gen-
erally desirable. Early integration of approval requirements is especially impor-
tant. Increasing emphasis is being placed on auditing EIA quality and on
assessing the effectiveness of the EIA process. Duplication or decision-making
gaps are sometimes a problem in the EIA review process. Resource and expertise
deficiencies inhibit the review process in some jurisdictions. Highly centralized
review procedures can limit adaptations to suit local conditions and needs.

4.2. EIA Process Design and Management Choices. As illustrated
in Figure 1 EIA activities are highly interrelated. They can be continuous (eg,
project management), recurrent (eg, interim documents and decisions) or occur
in different forms (eg, progressive refinement of proposal characteristics,
progressively greater level of detail in baseline and impact analyses). There
are many EIA process design and management choices available (10). The EIA
process can be reduced to a few basic activities and events or can be extremely
complex. EIA activities can be subdivided, combined, or rearranged. There are
numerous possibilities available for feed forward and feedback loops. Some
interconnections are more important than others.

The process can be linked (in different ways) to proposal planning, decision-
making, related environmental decisions, related fields and related activities.
Choices are available regarding the treatment of both inputs and outputs.
Example inputs include EIA requirements, public and agency concerns and
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preferences, roles and responsibilities, environmental substance, knowledge,
values and experience, and methods. Example outputs include documents, deci-
sions, and environmental changes. The EIA process can vary depending on the
effect types being assessed, the proposal type, the setting type, and the propo-
nent type. Adjustments are always necessary to account for unique proposed
action and setting characteristics.

Opinions vary among EIA commentators and stakeholders concerning
whether, to what extent and in what ways EIA requirements and processes
should be more rigorous, rational, environmentally substantive, practical, demo-
cratic, collaborative, ethical or adaptive. These themes, both individually and col-
lectively, have significant EIA requirements and EIA process and management
implications (11).

It is helpful to understand the range of available EIA process design and
management choices. It is even more important to appreciate which blends of
choices are more effective under which categories of situations. EIA quality
and effectiveness analyses can contribute to such endeavors. Given the subjec-
tive nature of such choices, it is usually preferable to involve interested and
affected parties in making EIA process design and management decisions.

4.3. EIA Methods. General EIA methods (eg, checklists, matrices, net-
works, models) can be adapted and applied at different levels of detail to various
EIA activities. EIA methods vary in their characteristics, strengths, limitations
and suitability for different EIA activities, settings and proposal types. Many
EIA methods are derived from other fields of practice. There are task and parti-
cipant-oriented EIA methods. Often the two are merged, for example, stake-
holder involvement in model construction and adaptation. Method types vary
among EIA activities. Table 2 lists several methods commonly applied during
various EIA activities.

Methods can be screened and compared using explicit criteria (a consistent
way to consider methods’ strengths and limitations). The criteria may vary by
EIA activity, by setting type and by proposal type. A clear explanation of and
rationale for the methods applied should be provided. Experiences in other fields,
such as risk assessment, futures research, policy evaluation, urban and regional
planning, can help derive, refine and apply methods. Most EIA activities combine
technical analysis/synthesis and participant involvement methods.

Numerous methods are adapted and applied in EIA practice by natural
scientists involved in geology and soils, climatology, hydrology, terrestrial, fresh-
water and coastal ecology and by social scientists involved in sociology, econom-
ics, anthropology, psychology, archaeology, and by applied scientists. Technical
personnel apply risk assessment, noise analysis, air quality analysis, ground-
water analysis, water quality analysis, visual and landscape analysis, and
transportation analysis methods in EIA. Procedural specialists use project man-
agement, public participation, alternative dispute resolution, legal requirements
and procedures, and document preparation methods in EIA. Synthesis skills,
methods and procedures are critical to coordinate and integrate individual
specialty analyses and to prepare focused and understandable synthesis and
summary documents.

Chemical industry proposals and proposals involving chemical technolo-
gies, subject to EIA requirements, can involve many of these specialties. Public
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Table 2. Examples of Methodsa

Methods Roles

Screening
Application of criteria, standards and
checklist questions

To ensure that screening is comprehensive and
consistent

Application of acceptability thresholds
(eg, regulatory standards, carrying
capacity)

To ensure that there are clear distinctions
between actions subject/not subject to EIA
requirements and type of requirements that
apply

Overview analyses (eg, field visits,
secondary source reviews)

To ensure screening appropriate to
circumstances, when screening involves
discretionary judgments

Dialogue with stakeholders and experts
(eg, workshops)

To ensure stakeholder understanding of and
support for screening requirements and
applications

Scoping
Study design To guide scoping and overall EIA process
Checklists, matrices, computer aids and
models

To identify potentially significant impacts and
interactions

Problem analysis and idea generation
techniques

To identify potentially significant impacts,
issues and interactions

Comparable project and setting analyses To identify likely issues and impacts
Overview analyses of primary and
secondary data sources and preliminary
field visits

To adapt proposed action to local
circumstances

To identify local issues and potential
thresholds

Consultation procedures (eg, community
meetings, hot lines, open houses)

To identify community perspectives on issues

To identify key community groups and leaders

Proposed Action
Event trees, fault trees, networks and
models

To identify action components likely to
generate potentially significant impacts

To trace interactions between proposed action
and environmental components and
systems

Sensitivity analyses To identify implications of alternative
assumptions

To lay groundwork for alternatives and
mitigation measure generation

Environmental management policies,
programs and operations

To provide context for proposed action
characteristics

To reduce likelihood that action or action
components will generate significant
adverse impacts

Baseline Analysis
Clear objectives, hypotheses, categories,
indicators and measures

To guide and structure the baseline analysis

Primary data, secondary data, remote
sensing, geographic information
systems and community profiles

To generate reliable data base

Data collection, compilation, analysis,
interpretation and management
programs, manuals and guidelines

To structure baseline analysis
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Case studies and control communities
and environments

To help ground forecasting of likely future
environmental conditions

Forecasting (eg, trend extrapolation,
pattern identification, probabilistic
forecasting) and risk and uncertainty
analysis and management methods

To identify range of potential future conditions

To isolate major uncertainties and potential
implications

Checklists, statistical analyses, experi-
ments, models (conceptual, physical,
mathematical), network diagrams,
stepped matrices, linear graphs

To ensure that baseline analysis is systematic,
coherent, focused and structured

To systematically explore interactions
Public involvement methods (eg, surveys,
interviews, small group meetings)

To integrate community and traditional
knowledge into baseline analyses

Impact Analysis
Impact hypotheses, categories and indices To systematically structure impact analysis
Historical and comparable project/setting
reviews, case studies and experiments

To help differentiate likely changes with and
without proposed action

Field and social surveys, literature
reviews, expert workshops, community
meetings, interviews with agency
officials, community leaders and
members of non-government
organizations

To identify potential impacts
To identify impact issues from multiple
perspectives

Checklists, matrices, overlays, network
diagrams

To ensure impact analysis is comprehensive,
systematic and focused

Agency guidelines, policies and
requirements

To ensure public policy priorities addressed

Communications and meetings with
environmental specialists

To identify interactions among impacts

Trends extrapolation, field or laboratory
experiments, models (conceptual and
quantitative, physical, mathematical,
analogue), simulations, modeling,
statistical analyses

To predict potential and likely future
conditions

Computer expert systems and group
interaction methods (eg, workshops,
charrates, Delphi, brainstorming)

To integrate a range of perspectives into impact
predictions

Human health and ecological risk assess-
ment, confidence limits, safety margins
and sensitivity analyses, precautionary
principle, decision analysis, game
theory, hedging away from large losses

To systematically address potential human
health and ecological risks

To systematically address uncertainties and
implications of uncertainties

Significance Interpretation
Thresholds (eg, legal, technical,
judgmental, functional, receptor/
sensitivity/significance, public
preference, sustainability)

To clearly differentiate between significant and
non-significant impacts

Criteria (eg, generic – extent, duration,
frequency, probability, reversibility,
magnitude and significance criteria)

To indicate factors that went into significance
determinations

Table 2 ðContinuedÞ
Methods Roles
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Scaling systems (eg, no, minor, moderate,
major)

To differentiate degrees of significance

Technical qualitative and quantitative
significance determination methods
(eg, analytical hierarchy process, con-
cordance analysis, thresholds analysis)

To combine scaling levels for different criteria
in a transparent and consistent manner as a
basis for decision-making

Holistic techniques (eg, conceptual and
quantitative models, scenarios, network
diagrams)

To address significance at a systems level

Participation techniques (eg, nominal
group process, interactive community
forum, focus groups, workshops)

To interpret significance from multiple
perspectives in an interactive setting

Support methods (eg, public involvement
techniques, data collection and analysis,
communications, impact distributional
analyses, statistical analyses, group
interaction methods)

To ensure a sound foundation for application of
significance interpretation methods

Synthesis and Cumulative Effects Analysis
Questionnaire checklists To scope cumulative impacts

To provide a consistent beginning for
cumulative effects assessment

Umbrella concepts and principles (eg,
sustainability, pollution prevention,
precautionary principle, biodiversity)

To provide a framework for integrating and
structuring analysis

Teamwork procedures (eg, adaptive
environmental assessment and
management, scenario building, panel
evaluation)

To systematically identify and explore
cumulative effects in a flexible and
interactive forum

To integrate expert opinion
Analytical approaches (eg, spatial
analysis, network analysis, interactive
matrices, systems analysis, ecological
modeling, expert opinion, biogeography
analysis)

To organize information

To explore interrelationships and characterize
systems

To analyze interactions among effects
(no normative evaluation or prescription)

Planning and evaluation approaches (eg,
multi-criteria evaluation, programming
models, land suitability evaluation,
process guidelines, carrying capacity
analysis)

Incorporates normative evaluation into
procedure

Consultation procedures (eg, workshops,
open houses, advisory committees)

To integrate perspectives and values of
interested and affected parties

Alternatives Formulation and Evaluation
Exploration of need, problems, opportunity
and objectives

To ensure analysis assesses options for better
meeting need, resolving problem, taking
advantage of opportunity and satisfying
objectives

Comparable project and setting reviews To identify reasonable alternatives
To identify environmentally benign and
sustainable alternatives

Table 2 ðContinuedÞ
Methods Roles
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Idea generation (eg, brainstorming,
analogies and metaphors, comparison
with ideal, forced relationship, free
association)

To creatively identify range of plausible options
that might not be customarily
considered

Expert and public involvement methods
(eg, surveys, advisory committees,
dialectical scanning, plebiscites,
Delphi)

To draw upon public and expert knowledge and
perspectives

To identify, explore and evaluate, in an
interactive forum, potential options

Network diagrams, fault trees, event
trees, scenarios, models

To work back from environmental impacts to
impact sources as a means of determining
where alternative means and mitigation
needed and most likely to be effective

Screening evaluation methods (eg, com-
parisons against regulatory standards,
conjunctive screening, overlaps and
constraint mapping, lexicographic
screening, dominance analysis)

To provide a clear and consistent basis for
excluding clearly unacceptable and inferior
alternatives

Quantitative and qualitative evaluation
techniques (eg, social cost benefit,
graphical approaches, goals achieve-
ment matrix, additive models, pairwise
comparison, closest to ideal, mathemati-
cal programming, concordance analysis)

To provide a systematic, traceable procedure
for determining the preferred alternative
when multiple criteria and multiple
stakeholders

Supported by scaling, ranking and
weighting methods

To help ensure that evaluation methods are
consistent and explicit

Supported by uncertainty and sensitivity
analyses

To facilitate evaluation when major
uncertainties

Participation
Consultation (eg, information in, informa-
tion out, two-way information flow,
continuous involvement aswith advisory
committees, formal involvement as with
litigation)

To inform and involve the public

To provide the EIA process with public issues,
knowledge and perspectives

Communications (eg, publicity, dialogue,
enhanced dialogue)

To enhance public, proponent and regulator
understanding

To ensure that information is relevant,
accurate and unbiased

Mutual education (eg, community
education, proponent, regulator and
specialist education, mutual education)

To enhance public, proponent and regulator
knowledge

To foster mutual, social, collaborative and
transformative learning

Negotiations (eg, unassisted, third party
assistance, third-party decision-
making)

To avoid and reduce conflict

To develop mutually acceptable decisions
To ensure a just and equitable process and
outcome

Table 2 ðContinuedÞ
Methods Roles
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and government agencies are often particularly concerned with human health
and ecological risks from chemical or chemical waste emissions or effluents.
Addressing the risks and uncertainties associated with acute and chronic air
emissions and with potential surface and groundwater contamination are often
especially important. Exposure to both humans eg, by breathing emissions or

Collaboration (eg, joint and collaborative
planning, joint management, creative
collaboration)

To build consensus, trust and support for
decisions

To foster collaborative and creative problem-
solving

To obtain tangible environmental benefits
Delegated decision-making (eg, voluntary
siting processes)

To bring decision-making close to the people

For the people and communities affected by a
decision to make the decision

To correct power imbalances

Management
Mitigation and enhancement measures
(eg, physical, operational, statutory,
accepted practice, negotiated)

To prevent, avoid, reduce or rectify adverse
impacts

To maximize benefits especially for those most
affected and most disadvantaged

Compensation measures and local
benefits (eg, payments in kind, or cash,
impact related, equity related)

To redress or offset negative impacts that occur
despite mitigation

Monitoring (ie, repetitive measures of
environmental values) (emissions and
effluents, environmental,

To detect changes caused by external
influences

Contingency measures To aid in detecting and providing timely
responses to potential problems and
unanticipated impacts

Community liaison To identify and resolve issues
Auditing and evaluation To systematically and periodically document

and review monitoring results
To determine actual impacts relative to
objectives and forecasts for purposes of EIA
enhancement

Impact management (all of the above) To integrate individual impact management
measures into a coherent strategy

Project management To design, guide, control and adapt EIA process
and document preparation and review

To coordinate and integrate specialist
analyses and procedural actions (eg, public
and agency involvement)

To link EIA process to decision-making and to
related actions

aSources: Barrow, 1997; Canter, 1995; Gilpin, 1995; Glasson, Therivel and Chadwick, 1999; Morgan,
1998; Morris and Therivel, 2001. See General References for complete citation.
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consuming local crops and livestock, and ecological receptors should be consid-
ered. Comparisons against regulatory standards often only partially address
the pathways between chemicals and receptors. Frequently, quantitative risk
assessment, the systematic consideration of uncertainties, risk and uncertainty
management, and an open and collaborative approach to perceived risks also are
necessary.

5. New Directions and Emerging Priorities

EIA is far from static. Good practice necessitates being aware of emerging pat-
terns and of being on the ‘‘leading edge’’ of this rapidly changing field.

5.1. EIA and Environmental Management. Private corporations and
public agencies are increasingly using environmental management systems
(EMS) to proactively and independently demonstrate their performance in
addressing environmental and social concerns. An EMS can frame a proposed
project EIA by providing environmental policies, planning and management
review procedures, checking and corrective action protocols, and implementation
and operational procedures (12). An EMS ensures that an environmental man-
agement structure, with clearly defined environmental policies, responsibilities,
training procedures, controls, communications and monitoring and auditing pro-
cedures, is already in place (13).

EMS can provide an environmental and impact prediction baseline, a
focused means of effectively anticipating, avoiding and minimizing potential
adverse environmental impacts, a structure for instituting mitigation and mon-
itoring measures, and a departure point for community liaison and agency
review. Life cycle assessment (LCA), an EMS tool, can help systematically and
comprehensively assess a proposed action and its alternatives over the life of
an activity (14). Some adaptations are necessary because of the differences
between EIA and EMS (15).

5.2. EIA Quality, Effectiveness and Good Practice. The EIA ‘‘learn-
ing curve’’ has accelerated in recent years with the greater use of EIA quality—a
tool for assessing EIA institutional arrangements, documents, processes and
methods—and EIA effectiveness—a tool for assessing the direct and indirect
outputs from EIA regulatory regimes and from EIA processes, documents and
methods—procedures (16). More ‘‘good practice’’ EIA, SEA and SIA principles
and guides also are available, including one that places impact assessment in
a corporate context (17–20). EIA quality and effectiveness analyses systemati-
cally apply performance standards and criteria to EIA institutional arrange-
ments and practices. The principles and guides address such matters as
definitions, core values, objectives, basic, operating and guiding principles,
performance criteria, process steps, activities, variables and good practices.

The increased stress on EIA quality, effectiveness and good practice demon-
strates that simply meeting current EIA requirements is necessary but not suffi-
cient. Environmental professionals also need to consider evolving standards of
good regulatory and applied practice. By doing so they will satisfy professional
ethical standards and anticipate emerging general and likely future project-
specific EIA requirements and guidelines.
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5.3. Broadening and Reorienting EIA. Social and Economic
Impacts. EIA literature and good practice guides are devoting more attention
to direct and indirect impacts on people and on how people make a living, mate-
rial well-being and economic activities impacts. EIA commentators and practi-
tioners commonly acknowledge that physical/biological and social/economic
impacts are highly interrelated, that cumulative effects cannot be adequately
addressed if social and economic effects are not fully considered, and that public
concerns often focus on potential social and economic impacts. EIA requirements,
to this point, have largely lagged behind in adequately addressing social and
economic concerns. This gap will not necessarily remain.

EIA Procedural and Outcome Fairness, Equity and Justice. The fair-
ness of the EIA process and the fairness of the distribution of outcomes from
the process has received greater attention in recent years. Proactive efforts
have been made in Canada, for example, to offset procedural inequities, such
as through the provision of participant funding, and to include traditional and
community knowledge. Increased emphasis is being placed on determining and
offsetting inequities in the distribution of impacts and benefits, especially for the
disadvantaged. The U.S. Council on Environmental Quality (U.S.CEQ) (21) and
the U.S. Environmental Protection Agency (U.S. EPA) have both issued guidance
documents for incorporating environmental justice concerns into documents
prepared under the NEPA (22).

EIA and Sustainability. Sustainability is about the long-term mainte-
nance of necessary and desirable natural, social and economic environmental
attributes. When integrated with EIA both positive and negative impacts are
assessed, instead of the current focus on adverse impacts. Proposed actions
and alternatives are evaluated in terms of if and the extent to which they contri-
bute to or undermine ecological and especially local societal sustainability. The
scope of EIA is broadened to encompass sustainability visions and global and
future generational interests. Impacts are viewed from a systems perspective.
More emphasis is placed on ecological, social and economic interdependencies,
on protecting the most vulnerable, the poor and the disadvantaged, on optimal
resource use and management, and on empowering local communities. Sustain-
ability was initially integrated into the purposes and objectives of EIA
requirements in Australia, Canada and Europe, for example. Increasingly it is
being used as a performance standard for assessing proposed actions.

Uncertainty and Precaution. Uncertainty is about gaps in data, knowl-
edge or understanding. Precaution, or more commonly the Precautionary Princi-
ple (PP) or Approach, addresses the dilemma of what to do when scientific
knowledge is incomplete and there is a threat of serious adverse consequences.
There are usually uncertainties associated with every EIA activity. There are
many methods for reducing and managing uncertainties, including moving
toward a more adaptive EIA process. Integrating the PP into an EIA process
can, depending on the interpretation adopted, result in project rejection, impact
amelioration, a greater burden of proof on proponents, proceeding with caution
or building a reasonable case that a proposed action is safe.

The United States has focused on the systematic (formal, where practical)
consideration of data quality, risks and uncertainties, in combination with a
more adaptive environmental management approach. Other jurisdictions, such
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as Canada, Europe and Australia, also address uncertainties, usually less for-
mally. However, they sometimes apply, albeit hesitantly, the PP in EIA practice.
Either way determining, interpreting and managing uncertainties and designing
and managing adaptive EIA processes are receiving greater attention.

Collaborative EIA Processes. Historically, EIA tends to entail technical,
rational document preparation, and decision-making procedures. Public and
agency concerns and perspectives are treated as process inputs, usually directed
toward the more ‘‘subjective’’ EIA activities, such as scoping, alternatives evalua-
tion, significance interpretation and decision-making. The public tends to be dis-
satisfied with selective, periodic and limited public involvement, when they
believe that proposed actions could seriously affect their lives. Sometimes such
public involvement procedures exacerbate conflict. Often, they underestimate
public knowledge. Frequently they gloss over the subjective nature of most
EIA activities and mask implicit biases. Arguably, all interested and affected
parties have a ‘‘right’’ to be directly involved in procedures that can affect
their day-to-day lives.

Increasingly, EIA processes are becoming more collaborative. Collaborative
EIA processes involve more than periodic, tightly circumscribed, public involve-
ment. They include two-way information exchanges. They incorporate more con-
tinuous forms of public participation, sometimes as advisory committees. They
provide for and facilitate dialogue, mutual education, negotiations and joint
and creative planning, management and collaboration. Facilitators, mediators
and other third parties often aid the procedure. Sometimes measures, such
as participant funding, facilitate the involvement of traditionally under-
represented parties. Proponents sometimes are reluctant to become involved in
such procedures. They tend to argue that they will be too costly, time-consuming
and divisive. They also tend to fear that they will lose control of the process. In
practice, technical procedures, with limited provision for public involvement, can
be more divisive. The resulting confrontations can heighten opposition and result
in greater costs, longer delays and higher failure rates.
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