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Preface

Formal requirements for the assessment of environmental impacts of
development activities may have begun in the United States with the
passage of the National Environmental Policy Act (NEPA) in 1969, but
they now are found in more than 200 countries worldwide. The details
vary, but the underlying goals of minimizing environmental degrada-
tion and improving environmental conditions are the same. In many
countries, these national requirements are supplemented by additional
requirements by states, provinces, counties, cities and other political
divisions that are collectively called sub-national statutes and regula-
tions.

I am most familiar with the requirements at the national level in
the United States as well as at the state and county levels in the west-
ern half of the country. However, books, other published reports, and
communications with peers amply document that problems caused by
the subjective nature of environmental impact assessments are inter-
national in scope. This subjectivity can be quantified and treated with
mathematical rigor by the application of advanced computational in-
telligence techniques. This approach will work equally well regard-
less of geographic location or political jurisdiction because it is respon-
sive to variations in societal values, legal frameworks, and regulatory
agency practices. Trans-national organizations such as the European
Union, World Bank, and United Nations Environmental Program also
set project environmental standards that must be met in addition to the
standards set by local governments.



vi Preface

It is important to make this disclaimer emphatically: in no way
is this book to be taken as criticism of environmental impact assess-
ment (EIA) laws, regulations, practitioners, or theorists. Such criticism
would be neither warranted nor justified. Identifying subjective as-
pects is not criticism. Such identification forms the basis for under-
standing this book and benefitting from its content.

This book has three objectives:

1. The first objective is to document how environmental impact as-
sessments have been conducted and to explain when and why
contention develops. The book stresses that environmental assess-
ments (whether of impacts or of existing conditions) are subjective
expressions of societal, group, and individual values and opinions.
As such, they are not objective or measurable. Science, particularly
ecology and environmental science, has difficulties dealing with
feelings, beliefs, and values, which are “nonscientific” concepts.

The specifics of the EIA process vary with the controlling juris-
diction; there is no attempt to describe all the variations and sub-
tle differences, because this is not a book to teach the theory and
detailed practice of environmental impact assessments as imple-
mented worldwide. However, specific points will be based on my
experiences as well as what others have experienced and described
in published literature.

The first objective establishes two important points: EIAs are sub-
jective and existing assessment methods do not effectively han-
dle subjectivity. We speak and write using terms that cannot be
measured. Concepts such as significant, distant, acceptable and oth-
ers are understood by everyone — but we each may have a dif-
ferent definition of these terms. Almost all environmental regula-
tory processes depend on such imprecise, vague, inherently uncer-
tain terms. Commercial development may be prohibited on steep
slopes, but how is steep defined? It is almost always an arbitrary,
crisp value; for example, 20 percent. This does not mean that a
slope of 19.5 percent is not steep, but it means that there is no sharp
threshold that separates steep from not steep. Fortunately, fuzzy
sets, fuzzy logic, and approximate reasoning (among other com-
putational intelligence methods) handle subjectivity effectively by
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quantifying it and manipulating it with mathematical rigor.

. The second objective is to justify the use of fuzzy sets, fuzzy logic
and approximate reasoning to provide decision-makers with the
ability to make well-informed decisions: ones that are technically
sound and legally defensible. I do this by describing core issues of
an environmental impact assessment in terms of fuzzy modeling
and other computational intelligence techniques.

The concept of fuzzy sets was developed explicitly to address the
inherent imprecision of everyday language which we all use to
express ideas that cannot be measured. Fuzzy logic is the mathe-
matics that permits rigorous operations on fuzzy sets to arrive at
a outcome that is meaningful and can be explained. Approximate
reasoning is the computer modeling of how humans make deci-
sions (IF this THEN do that) when all the input data are subjective
and not directly measurable. Other advanced techniques of artifi-
cial intelligence (Al) (including expert systems, decision support
systems, and data mining using neural networks and evolution-
ary algorithms) also can be effectively and productively applied to
addressing the underlying purposes of environmental impact as-
sessments.

. The third objective is to illustrate the use of computational intelli-
gence techniques presented in objective 2 for environmental impact
assessment. This example creates an approximate reasoning model
applied to a project completed the traditional way under Wash-
ington state laws and regulations. While the example is based on
a real industrial development proposal, the original environmen-
tal impact assessment was not developed with computational in-
telligence techniques. Therefore, the example has been adapted to
demonstrate the application of these tools by adding missing in-
formation and deleting some components to make the example a
reasonable size.
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Mathematical symbols used in fuzzy logic (from [9]).

Symbol Meaning

- set NOT (also complement or inversion)
N set AND (also intersection operator)

U  set OR (also union operator)
N
X

higher-dimensional fuzzy space
[x,x,x] fuzzy membership value
€  member of a set; within
poss(x) the possibility of event x
prob(x) the probability of event x
{x}  crisp, or Boolean, membership function
dyadic operator
expected value of a fuzzy region
fuzzy membership function
proportionality
membership, or truth, function in fuzzy set
element from domain of fuzzy set
Cartesian product or space
empty, or null, set
implication
logical AND
logical OR
summation
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