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Environmental Assessment

Environmental considerations were largely ignored for almost 200 years
in the development of the United States. Only in the last third of the
twentieth century did environmental factors begin to play a significant
role in the speed and direction of our national progress. These factors
have developed in us a new concern and recognition of the dependence
that we, as human beings, have on the long-term viability of the envi-
ronment for sustaining life. The new “ethic” of conservation of resources
has also grown as concern for the environment has grown, because much
of our environmental quality is itself a nonrenewable resource.

Human development, especially in the twentieth century, represents
an intrusion into the overall balance that maintains the earth as a hab-
itable place in the universe. We are recognizing this fact in our concern
for the environment, but most of us are also reluctant to give up the
profligate consumption of resources which characterizes the modern
lifestyle. Thus, it is incumbent upon the human species to examine its
actions and to attune to ensuring the long-term viability of earth as a
habitable planet. The development of environmental impact analysis, or
assessments, is a logical first step in this process. It represents an
opportunity for us to consider, in decision making, the effects of actions
that are not otherwise accounted for in the normal market exchange of
goods and services. The adverse effects discovered in the assessment
process then need to be weighed against the social, economic, and other
advantages derived from a given action. The art and science of identify-
ing and quantifying the potential benefits from a proposed action has
become finely tuned. We must develop the belief that an equally clear
exposition of the associated problems is equally deserving of careful
study and consideration.
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Blind adherence to the theory and practice of a pure economic
exchange for decision making has possible long-term adverse conse-
quences for the planet Earth. There are elements which cannot be
accurately represented as monetary values. Economic guidelines for
decision making were adequate as long as the effects of societal activ-
ities were insignificant when compared to the long-term suitability of
the planet as a place to reside. One traditional analogy would com-
pare the swing toward concern for environmental considerations to a
pendulum that is on the verge of swinging back toward economic (i.e.,
cost) dominance. Is this unavoidable? This type of trade-off is essen-
tial and is one that will always be made, but humans must be aware
that sacrificing long-term viability for short-term expediency is less
than a bad solution; it is no solution. Serious environmental prob-
lems that surfaced following the collapse of the totalitarian regimes
of eastern Europe are vivid examples.

As glasnost opened the eastern European and Soviet countries to the
west during the late 1980s, it also revealed a region suffering extreme
environmental degradation. In previous decades, the area had focused
on centrally planned industrial development with disregard for the
environmental consequences of this development. Industrialization
had been the foremost priority, and production targets were to be met
to the exclusion of other goals. Industries had been heavily subsidized,
particularly for energy and natural resource needs, and allotments of
resources and budgets had been made based on past use and expendi-
tures. Although some countries may have had stringent environmen-
tal regulations on their books, these regulations were not enforced.
Pollution fines levied by the government were small and easily paid
with government subsidies. With the presence of production targets
and subsidies and the absence of open markets and a realistic price
structure, industries had no incentive to conserve resources, avoid pol-
lution fines, or invest in efficient production technologies.

As a result, environmental conditions are now seriously degraded;
air pollution, water pollution, hazardous wastes, and extensive impair-
ment of agricultural land and forests are at extreme levels and among
the highest in the world. Air in the region is polluted by exceptionally
high levels of sulfur dioxide, due to dependence on coal burning for
energy, few pollution controls, and extremely inefficient use of energy
(Schultz, 1990). Rivers, lakes, and seashores are heavily polluted by
industrial waste discharge and agricultural runoff; 95 percent of Polish
rivers are so badly polluted that their water cannot be used directly,
even for industrial purposes, because it is corrosive (Hallstrom, 1999).

Indiscriminate dumping of hazardous wastes and the use of substan-
dard landfills have contaminated groundwater sources in the region. In
addition, the withdrawal of the Soviet Union from previously occupied
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territories left behind substantial environmental degradation; 6 percent
of Czechoslovakian territories were damaged by toxic wastes, oil, and
lead (Renner, 1991). In some instances there has been enough spilled
fuel available in the soil for private individuals to dig oil wells (Carter
and Turnock, 1997). The Chernobyl accident of 1986 released 1000
times the radioactivity of the Three Mile Island accident, and the radi-
ation was widely dispersed over the northern hemisphere (Flavin,
1987). Many nuclear plants in the region are of the Chernobyl type and
present the danger of such an accident recurring at any time.

Inappropriate agricultural practices have eroded soils, and industrial
pollution has contaminated large land areas. The land around Glu-
bokoe, a nonferrous metallurgical center in northern Belorus, has 22
times the permitted level of lead, 10 times the permitted level of cobalt,
and 100 times the permitted level of zinc (French, 1990). An average of
77 percent of Polish and Czech forests show signs of acid rain damage,
most likely as a result of huge amounts of highly toxic dust released
into the atmosphere throughout Bulgaria, Romania, Hungary, and
Poland from industrial smelter releases and brown coal combustion
(Hallstrom, 1999).

The cost of this pollution to human health can be seen in lower life
expectancies, higher infant mortality, and higher incidence of respira-
tory diseases, cancers, birth defects, and other illnesses. Nearly 60
percent of children in inner Budapest show dangerously high levels of
lead in their blood (Hallstrom, 1999). Life expectancies for some
regions are recognized to be 3 to 5 years less than in cleaner areas
(Schultz, 1990).

But this is not the only cost of environmental degradation in the
region; without a base of functioning water, land, and air resources,
industrial productivity and growth are hampered. The decline in
forestry and tourism industries due to damaged forests, the falling crop
yields, the damage to historic buildings due to acid deposition, and the
corrosion of pipes by polluted water are a few examples of real costs
incurred by industrialization without separate regard for environmen-
tal consequences. It is estimated that the present state of environmen-
tal degradation, rather than providing a cheap avenue to industrial
development, is costing Poland 10 to 20 percent of the gross national
product (GNP) annually, and Czechoslovakia 5 to 7 percent annually. An
estimated 11 percent of GNP has been expended annually in the former
Soviet countries toward health costs from pollution alone (French,
1990).

The issues of economic growth, poverty, and environmental protection
are intertwined in a perplexing way in today’s business climate (Business
Week, 1990). Lasting economic growth is based on managing natural
resources in a sustainable manner. Poverty is both a cause and an effect
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of environmental problems. Sustainable economic growth provides both
the means to address world poverty and the means to solve environ-
mental questions. Industrialization and economic development are
essential to provide basic amenities of life and to sustain and improve
our standard of living. The challenge is: How to determine the direction
and level of development that is not limited by what is most expedient
for the present, but will benefit future generations as well as provide
for the immediate needs of society.

During the past decade, the business world has become increasingly
aware that sustainable development and production can, indeed, be
good for business. With the passage of the Pollution Prevention Act
(PPA) of 1990, pollution prevention was declared to be the nation’s pri-
mary pollution control strategy, and a hierarchical system for pollution
management was developed, with source reduction at the top of the
hierarchy, followed by recycling, treatment, and disposal. Increased
support for pollution prevention practices has allowed industry to real-
ize that waste reduction, recycling, conservation, and pollution control
can also be tied to lower production costs. Furthermore, a public image
as an environmentally responsible company can be essential in gaining
community acceptance, attracting top employees, and securing the trust
of investors. This “corporate environmentalism,” as it has been termed
by Edgar S. Woolard, Jr., the CEO of Du Pont, when coupled with the
managerial skills and productive capacity commanded by business,
appropriately places corporations in a position of leadership in moving
toward sustainable use of earth’s resources (Business Week, 1990).

1.1 What Is Environmental Assessment?

In order to incorporate environmental considerations into a decision or
a decision-making process, it is necessary to develop a complete under-
standing of the possible and probable consequences of a proposed
action. However, prior to this development, a clear definition of the
environment must be constructed.

The word environment means many different things to different peo-
ple. To some, the word conjures up thoughts of woodland scenes with
fresh, clean air and pristine waters. To others, it means a pleasant
suburban neighborhood or a quiet campus. Still others relate environ-
ment to ecology and think of plant-animal interrelationships, food
chains, threatened species, and other recently recognized issues.

Actually, the environment is a combination of all these concepts plus
many, many more. It includes not only the areas of air, water, plants,
and animals, but also other natural and human-modified features
which constitute the totality of our surroundings. Beauty, as well as
environmental values, is very much in the “eye of the beholder.” Thus,
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transportation systems, land-use characteristics, community struc-
ture, and economic stability all have one thing in common with carbon
monoxide levels, dissolved solids in water, and natural land vegeta-
tion—they are all characteristics of the environment. In other words,
the environment is made up of a combination of our natural and phys-
ical surroundings and the relationship of people with these surround-
ings. It must also include aesthetic, historic, cultural, economic, and
social aspects. Thus, in environmental assessment, all these elements
should be considered. The ultimate selection of what is “really impor-
tant” in any one case is very much an art, or at least a refined judg-
ment. Approaches which firmly lay down rules in this area will prove
to be too rigid and inflexible for regular use. We seek to develop a feel-
ing for what ought to be emphasized, as well as pointing out ways in
which each situation is different.

Environmental assessment implies the determination of the environ-
mental consequences, or impact, of proposed projects or activities. In this
context, impact means change—any change, positive or negative—from
a desirability standpoint. An environmental assessment is, therefore, a
study of the probable changes in the various socioeconomic and biophys-
ical characteristics of the environment which may result from a proposed
or impending action. Of course, some proposed actions will result in no
change at all for one aspect or another of the environment. In these cas-
es, the impact is really one of “no effect.” Some proposed actions may also
have no change, but the present status may be environmentally unac-
ceptable at the start! The terms environmental effects and consequences
are generally interchangeable with impact, especially since the latter has
come to have solely negative connotations in many circles. Remember, of
course, that some proposed projects and actions may well have many, or
even mostly, positive effects in many sectors of the environment. One
should never be afraid to discover them! Environmental assessment
need not, in fact should not, always be an adversarial activity.

In order to perform the assessment, it is first necessary to develop a
complete understanding, and clear definition, of the proposed action.
What is to be done? Where? What kinds of materials, labor, and/or
resources are involved? Are there different ways to accomplish the
original purpose? Surprisingly, it is often very difficult to obtain a clear
description of these factors, especially at early stages of planning. The
project planners may not have a clear idea themselves, or may be
unwilling to make the details known.

Second, it is necessary to gain a complete understanding of the
affected environment. What is the nature of the biophysical and/or
socioeconomic characteristics that may be changed by the action? How
widely might some effects be felt? The boundary of the work site? A
mile? The next state? All are possible.

Environmental Assessment 5

Environmental Assessment

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



Third, it is necessary to envision the implementation of the proposed
action into that setting and to determine the possible impacts on the
environmental characteristics, quantifying these changes whenever
possible. An interdisciplinary analysis of these effects is encouraged,
many say mandated, by current federal law.

Fourth, it is necessary to report the results of the study in a manner
such that the analysis of probable environmental consequences of the
proposed action may be used in the decision-making process. For fed-
eral government agencies, this process has been extensively codified.
For other entities, the steps vary widely.

The exact procedures to be followed in the accomplishment of each
environmental assessment are by no means simple or straightforward.
This is due primarily to the fact that many and varied projects are pro-
posed for equally numerous and varied environmental settings. Each
combination results in a unique cause-condition-effect relationship,
and each combination must be studied individually in order to accom-
plish a comprehensive analysis. For the project manager, selecting
which aspects of a particular environment to emphasize, and which
effects to elucidate, is a highly skilled decision-making process. It is
potentially as difficult as developing the plan for the project itself.
Generalized procedures for conducting an analysis in the manner indi-
cated by the four steps outlined above [(1) define proposed action; 
(2) define affected environment; (3) determine possible impacts; and
(4) report the results] have been developed. These procedures will be
explained in subsequent chapters of this book.

1.2 Why Environmental Assessment Is
Needed

The necessity for preparing an environmental assessment may vary
with individual projects or proposed actions. For many actions, there
is a legal basis for requiring such an analysis. Occasionally, Congress
may require preparation of environmental documentation as a condi-
tion of passing legislation for a particular project, even though other
law and regulations may not normally require it. For other types of
projects, the environmental analysis may be undertaken simply for
incorporation of environmental considerations into planning and
design, recognizing the merit of such amenities on an economic, aes-
thetic, or otherwise desirable basis. Good professional practice may
require this analysis even if law or regulation does not. The incorpo-
ration of environmental considerations in business practices is an
extremely important aspect of environmental assessment.

In the United States, enactment of the National Environmental
Policy Act (NEPA), on January 1, 1970, mandated that federal agen-
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cies assess the environmental impact of actions “which may have an
impact on man’s environment” [NEPA, Title I, Sec 102(2)(A)]. Other
nations and states within the United States have enacted legislation
patterned after NEPA requiring environmental assessment of major
actions within their jurisdictions. Chapter 3 further discusses NEPA,
and Chapter 4 describes the content and format of documents such as
the Environmental Impact Statement (EIS) and the Environmental
Assessment (EA).

1.3 Who Prepares Environmental
Assessment Documents?

Within the federal government, the responsible official of the federal
agency which is proposing the action is required to prepare environ-
mental documents and is called the proponent of the action. The
preparation of these documents, naturally, requires input by a multi-
disciplinary team of engineers and scientists representing disciplines
related to the major potential environmental impacts. In fact, Section
102(2)(A) of NEPA requires that a “systematic and interdisciplinary
approach” be used in preparing environmental documentation.

Many times, more than one federal agency is involved in a project
due to

1. Sharing of project leadership

2. Joint funding of projects

3. Functional interdependence

In such a case, one federal agency needs to be designated as the “lead
agency” and, consequently, the proponent of the project or action. Any
other agencies are termed “cooperating agencies.”

At times, private industry is undertaking major resource develop-
ment projects (e.g., offshore oil exploration), and the federal agency is
merely issuing a permit, license, lease, or other entitlement for use.
The question becomes: “Who should prepare the required EA or EIS?”

In such a case, the federal agency issuing the permit or other entitle-
ment normally relies on the applicant to submit much of the envi-
ronmental information needed for documentation and analysis. The
applicant may be required to submit an essentially complete study. 
The agency should at least assist the applicant by outlining the types of
information required. It is permitted for the agency to prepare the EA
or EIS itself, and some have done so. In all cases, the agency granting
the permit must make an independent evaluation of the environmental
issues involved and must take full responsibility for the scope and con-
tent of the environmental documentation actually prepared.
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As a result of NEPA-mandated environmental assessment, a number
of separate documents may be required at different phases of the effort.
Some examples are: Notice of Intent; Scoping Summary; Environmental
Assessment; Finding of No Significant Impact; Environmental Impact
Statement; and Record of Decision. The place of each of these documents
in the assessment process is described in Chapter 4.

Figure 1.1 provides a summary of all EISs filed between 1973 and
1999. In practice, there are many more filed documents than major
proposed actions. Each action requires at least a draft and a final EIS,
and many have one or more supplements in later years as well. Some
draft EISs never result in an action. The 27-year total of documents
filed thus may represent less than half as many “major actions.”
Figure 1.2 details the total EISs filed by selected agencies during the
years 1992 to 1998.

1.4 Integrating Art and Science

Environmental assessment, in common with most other complex
processes, has elements which represent rigorous scientific endeavor.
Some examples might be the analysis of soil or water samples, or the
design of a plan to acquire these samples. The selection of instrumen-
tation to measure soil loss or air quality is equally complex, with
numerous references, formulas, and guidelines from handbooks and
rule books from regulatory agencies. These examples are related to a
knowledge of the scientific principles involved. A skillful project man-
ager will be knowledgeable about the basic principles of a dozen or
more sciences, from civil engineering through biology, or will seek the
advice of persons trained in these areas.

Just as skilled is the art of knowing that soil nutrients, water, air
quality, lichen productivity, or aesthetic effects will be relevant and
will require examination. This can be taught only to a degree. Through
use of real-life examples, we hope to illustrate many ways in which
judgment may be developed in this area. In this, the area of analysis
which we have termed an art, there are few hard-and-fast rules. One
must learn what has been proven desirable in practice, just as one
must be aware of what has been considered inadequate. What are the
elements of a good artistic composition? One may learn a few rules, but
that, in itself, is insufficient to qualify one as an artist. We will present
those rules, but one must rely on experience, both one’s own and that
gained through extensive reading in relevant areas. The suggested
readings associated with each chapter, in addition to the specific ref-
erences, are a good start in this direction.
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1.5 Discussion and Study Questions

1 Consider the history of the United States. In its first 200 years, what were the
significant federal actions taken with respect to conservation and environmental
preservation? Who were the individuals most responsible for these actions and
what were their motives? What contemporary federal agencies resulted from
some of these actions? How have the roles of these agencies changed with time?

2 Many believe that, historically, Native Americans had a model “environmen-
tal ethic” and that we should have patterned our behavior after theirs. Did they
have such an ethic and, if so, how widely was it accepted and practiced? How does
it differ from that generally practiced today?

3 Discuss the trade-offs between economic development and environmental
concerns. How do factors such as inflation, economic conditions, political power,
and international concerns affect our environmental “conscience”?

4 Define the term environment. Distinguish between (1) the natural and the
built environment and (2) the biophysical and the socioeconomic environment.
Describe how these environments may be affected by human activities. Are the
effects always negative or positive? What kinds of trade-offs may become sig-
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Figure 1.2 Total EISs filed by selected agencies for the years 1992–1998.
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nificant? Is it likely that all these types of considerations would enter into the
decision-making process unless mandated by law?

5 How does interdisciplinary differ from multidisciplinary? Is it possible to
thoroughly and adequately evaluate the environmental consequences without
utilizing an interdisciplinary approach?

1.6 Further Readings

The following books and articles examine further many of the ques-
tions and issues raised in this introductory chapter. Several focus on
the questions of maintaining economic competitiveness while consid-
ering the environment in business ventures.

Bernstam, Mikhail S. The Wealth of Nations and the Environment. London: Institute of
Economic Affairs, 1991.

Blackburn, Anne M. Pieces of the Global Puzzle: International Approaches to
Environmental Concerns. Golden, Colo.: Fulcrum, 1986.

Carter, F. W., and David Turnock. Environmental Problems in Eastern Europe. New
York: Routledge, 1997.

Cole, Matthew A. “Limits to Growth, Sustainable Development and Environmental
Kuznets Curves: An Examination of the Environmental Impact of Economic
Development.” Sustainable Development, 7:87–97, 1999.

Costi, Alterto. “Environmental Justice and Sustainable Development in Central and
Eastern Europe.” European Environment, 8:107–112, 1998.

Council on Environmental Quality. The 1997 report of the Council on Environmental
Quality.

Council on Environmental Quality. Unpublished data—CEQ: All EISs filed 1973–1999.
http://ceq.eh.doe.gov/nepa/nepanet.htm.

Council on Environmental Quality. Unpublished data—CEQ: Total EISs filed by year
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Davis, John. Greening Business: Managing for Sustainable Development. London:
Blackwell, 1991.
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Blackwell, 1987.

Gilbreath, Kent, ed. Business and the Environment: Toward Common Ground.
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Kassiola, Joel Jay. The Death of Industrial Civilization: The Limits to Economic Growth

and the Repoliticization of Advanced Industrial Society. Albany, N.Y.: State University
of New York Press, 1990.

Khozin, Grigori. Talking About the Future: Can We Develop Without Disaster? Moscow:
Progress Publishers, 1988.

Organization for Economic Cooperation and Development. International Conference on
Environment and Economics. Paris, 1985.

Rao, P. K. Sustainable Development. Malden, Mass.: Blackwell, 2000.
Riddell, Robert. Ecodevelopment: Economics, Ecology, and Development—An Alternative

to Growth Imperative Models. New York: St. Martin’s Press, 1981.
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Silver, Cheryl Simon, with Ruth S. DeFries. One Earth, One Future: Our Changing
Global Environment. Washington, D.C.: National Academy Press, 1990.

World Bank. Striking a Balance: The Environmental Challenge of Development.
Washington, D.C.: World Bank, 1989.

World Commission on Environment and Development. Our Common Future. New York:
Oxford University Press, 1987.

World Resources Institute. Multinational Corporations, Environment, and the Third
World: Business Matters. Durham, N.C.: Duke University Press, 1987.
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13

Environmental Laws 
and Regulations

Much of the environmental legislation in the United States was initi-
ated at the federal government level. Some states have enacted envi-
ronmental legislation to protect unique environments within their
jurisdiction (e.g., coastal areas, wetlands, and cultural and historic
sites). Environmental regulations, which form an action-forcing mech-
anism for implementing the intent of the enabling legislation, are then
issued by the regulatory agencies of the government. With the empha-
sis on giving states the responsibilities for enforcing such regulations,
increasingly states are issuing and are responsible for enforcing many
of the environmental regulations.

Environmental legislation, and resulting regulations, is continual-
ly evolving. Consequently, information presented here is designed 
to provide a broad perspective on environmental legislation. Clearly,
environmental regulations can have a profound effect on economic
activity, and these effects should be included in assessment of the
implementation of these regulations. To provide an understanding of
the purpose and function of these requirements, topics covered in this
chapter will be

■ Rationale for environmental legislation and regulations
■ Shortcomings of environmental legislation and regulations
■ Legislative data systems
■ An overview of federal environmental legislation

Chapter

2
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2.1 Rationale for Environmental Legislation
and Regulations

The following discussion of the basis for promulgating environmental
legislation and regulations focuses on the role of the market economy,
the problem of the commons, and long-term viability of the environ-
ment. Since labor and capital are scarce resources, their consumption
is minimized by industry. Since the environment is, or rather has been
in the past, an essentially free resource, its consumption has typically
been ignored. Consequently, there has been considerable environmen-
tal degradation, with attendant economic and social costs. Simply put,
some economic and social costs are ignored in the ordinary market-
place exchange of goods and services. Also, one cannot ignore the third-
party interests when looking at two-party transactions of the buyer
and the seller (existence of externalities). This, in fact, is the case for
many environmental control problems, and thus the transaction
results in “market failure.” Basically, market failure could result from
high transaction costs, large uncertainty, high information costs, and
existence of externalities (Schultz, 1977). In order to correct market
failure, two choices exist. One can try to isolate the causes of the fail-
ure and restore, as nearly as possible, an efficient market process
(process-oriented) or alternatively bypass the market process and pro-
mulgate regulations to achieve a certain degree of environmental 
protection (output-oriented).

Some environmental legislation and regulation is needed to protect
the health and welfare of society, and market incentives alone will
probably never work. For example, it would be very difficult to put a
dollar value on discharge of toxic materials, such as polychlorinated
biphenyls (PCBs) or mercury, to the environment. Another reason for
environmental legislation and regulations is that long-term protec-
tion of the life-support systems is important for sustained economic
development. Investment decisions can rarely be made to take into
account long-term protection of the life-support systems which
belong to everyone—a property ultimately leading to the problems of
the commons.

Some projects involve exploitation of energy and other natural
resources at an unprecedented rate. A question of temporal optimality
of market allocations arises. In such cases, a market economy is
unable to properly account for all long-term economic and social bene-
fits and costs. As Solow has pointed out, “there are reasons to expect
market interest rates to exceed the social interest rate of time prefer-
ence…” (Solow, 1977). As a result, the market will tend to encourage
consumption of exhaustible resources too fast. Consequently, a correc-
tive public intervention—or regulations aimed at slowing down this
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consumption—needs to be structured. This can be accomplished
through compulsory conservation, subsidies, or a system of graduated
severance taxes (Solow, 1977).

2.2 Shortcomings of Environmental
Legislation and Regulations

Many public administrators, engineers, planners, industrialists, and
other decision makers recognize the need for environmental legislation
and related regulations to protect the environment. They also recognize
the importance of economic efficiency and utility. There are, indeed, a
number of concerns regarding many environmental regulations. These
concerns are shared by many who feel that environmental regulations
can be structured so that they minimally affect the efficiency and pro-
ductivity of the industry, minimally interfere with essential federal pro-
grams such as national defense, and still achieve reasonable
environmental protection goals. Some of the concerns related to envi-
ronmental regulations are

■ Regulations seem to be structured in such a way that the costs are
often excessive as compared to the benefits they generate.

■ In general, the regulations are command-and-control type (i.e., they
contain few or no economic incentives for compliance). Consequently,
in a free-market economy, they are ineffective and do not preserve
elements of voluntary choice.

■ Regulations are ineffective because they lack properly structured
incentives for achieving social goals.

■ It is widely believed that command-and-control regulations generate
inefficiencies, at both the micro- and macroeconomic levels.

■ Some environmental regulations require unnecessary paperwork
and cause unnecessary delays in completion schedules, which, in
turn, create additional costs.

■ Many regulations at different government levels, such as federal,
state, and local, are duplicative and, at times, incompatible with each
other; consequently, they create unnecessary work and inefficiencies.

2.3 Legislative Data Systems

The U.S. Congress is continually enacting new legislation and
amendments to existing environmental legislation; similarly, the
Office of the President periodically issues new Executive Orders
regarding the environment. Federal agencies continuously modify
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environmental regulations pertaining to these laws and executive
orders. Because of this, those interested in the current legislative 
climate must ensure that they are working under the current legal
regime. The advent of Internet access and electronic data retrieval
systems has greatly aided this process. Described here are some of
the current Internet resources for existing environmental legislation
which readers may want to use, depending on their specific needs.
Because Internet access addresses and content often change, the
information given below should be checked to see if it has been
updated.

Federal agencies: http://www.firstgov.gov

This web site provides information about the federal government and
its branches. It includes links to federal agencies, a list of interesting
topics, and a search window.

Council on Environmental Quality:
http://www.whitehouse.gov/ceq/

The Council on Environmental Quality (CEQ) is part of the Executive
Office of the President, and so is included under the White House web
site. The CEQ was established in 1970 under the National
Environmental Policy Act (NEPA). The CEQ homepage gives informa-
tion about the Council and includes a link to its “NEPAnet” site. The
NEPAnet site, found at http://ceq.eh.doe.gov/nepa/nepanet.htm, gives
the text of NEPA, the CEQ regulations, CEQ guidance, and recent
CEQ documents, including the CEQ annual reports. One useful fea-
ture is a link to case law (interpretation of statues by courts) that
helps to define specific aspects of NEPA. The site also provides links to
federal agency NEPA web sites and points of contact. These sites pro-
vide information relevant to the environmental activities of the admin-
istration and allow users to access large volumes of information
concerning NEPA and other environmental issues.

United States Environmental Protection
Agency: http://www.epa.gov

The U.S. Environmental Protection Agency (EPA) web site offers a
direct link to information on laws and regulations. The user can choose
to search major environmental laws, current legislation in Congress,
U.S. code, regulations and proposed rules, or Code of Federal Reg-
ulations. Each of these sites can be searched through a keyword search
option and allows the user to download documents directly.
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Federal Register and the Code of Federal
Regulations: http://www.nara.gov/fedreg

The text of U.S. federal laws, regulations, and notices can be accessed
and downloaded through the National Archives and Records Admin-
istration site, http://www.nara.gov. The Federal Register is a daily 
publication that provides notices of federal activities for all federal
agencies, including notices about NEPA documents. The Federal
Register web site also gives information on how to write and submit
notices to the Federal Register for publication. The Code of Federal
Regulations, updated annually, provides the text of all official regula-
tions of all federal agencies. New regulations and updates to existing
regulations are printed in the Federal Register, so both documents
must be consulted to understand the current regulatory situation. The
web site also gives access to public laws, Executive Orders, and other
federal documents of interest. In addition, the Federal Register, United
States Code, Code of Federal Regulations, and many other documents
can be accessed through the Government Printing Office web site at
http://www.access.gpo.gov. This web site also gives requirements for
printing government documents such as environmental impact state-
ments, and gives access to the Government Printing Office Style Guide
and other documents of interest.

Advisory Council on Historic Preservation:
http://www.achp/gov

The Advisory Council on Historic Preservation is part of the Executive
Office of the President, and can also be accessed through www.white-
house.gov. Of interest to the NEPA practitioner are the requirements
for consultation on historic properties under Section 106 of the
National Historic Preservation Act (16 USC 470f). The Section 106
regulations, Protection of Historic Properties (36 CFR Part 800), went
into effect on January 11, 2001. The full text of the revised regulations
and their preamble can be found at 65 F.R. 77698–77739, which is
linked to this web site. The site also links to other information about
Section 106 consultations.

U.S. Fish and Wildlife Service: http://fws.gov

The U.S. Fish and Wildlife Service of the Department of the Interior is
responsible for the administration of several laws of interest to the
NEPA preparer. Of particular note are the web site devoted to threat-
ened and endangered species and the site regarding migratory birds.
The Fish and Wildlife Service in the Department of the Interior and
the National Marine Fisheries Service of the Department of Commerce
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share responsibility for administration of the Endangered Species Act.
The two agencies sponsor the web site at http://endangered.fws.gov,
which provides information and links to laws, regulations, notices, and
species lists regarding endangered species management. The U.S.
Fish and Wildlife Services, Division of Migratory Bird Management,
web site can be found at http://migratorybirds.fws.gov. The site pro-
vides a link to Executive Order 13186, “Responsibilities of Federal
Agencies to Protect Migratory Birds,” January 11, 2001, which pro-
vides guidance to federal agencies regarding actions that may have an
adverse effect on migratory birds. This Executive Order updates the
requirements of the Migratory Bird Treaty Act of 1918, and provides
that federal agencies are to consider habitat and conservation for
migratory birds in agency plans and actions. The web site also pro-
vides links to other relevant laws and regulations, and species lists.

LEXIS®-NEXIS®R: http://web.lexis-
nexis.com/universe/

In 1973, the LEXIS service became the first commercial, full-text legal
information system, developed to aid legal professionals in researching
the law. The addition of the NEXIS service, in 1979, provided addi-
tional references to recent and past news and financial information.
Today, the LEXIS-NEXIS organization helps legal, business, and gov-
ernment professionals collect, manage, and use information more effi-
ciently. Perhaps the most useful application of LEXIS-NEXIS for the
reader is LEXIS-NEXIS Academic Universe. Associated with this ser-
vice is a Legal Research option. The Legal Research preference allows
the user to search documents under headings such as secondary liter-
ature, case law, codes and regulations, and patent research. LEXIS-
NEXIS, which is an extremely powerful tool and offers many useful
services to the user, is a proprietary tool.

Westlaw: http://www.westlaw.com

Westlaw is a research tool for both legal and business professionals.
Several services are available through Westlaw, but perhaps those
most useful to the reader include information on cases, statutes and
administrative materials, public records and court dockets, law reviews
and legal newsletters, practice-area treatises, and legal forms. Users
are able to search for documents using numerous fields such as key-
word, subject, and date. Documents can be downloaded directly from
the site. This site is designed for use by legal personnel and requires a
subscription; therefore, it may be better suited for use by corporations,
government agencies, law firms, and other similar institutions.
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Federal Legal Information 
Through Electronics:
http://www.fedworld.gov/supcourt

The Federal Legal Information Through Electronics (FLITE) system is
an information retrieval and analysis service that provides the text of
U.S. Supreme Court decisions from 1937 through 1975. More recent
Court decisions can be accessed through proprietary systems such as
LEXIS-NEXIS and Westlaw, discussed above.

2.4 Overview of Federal Environmental
Legislation

An overview of federal environmental legislation is provided in this
section. State environmental legislation and regulations have been
patterned after the federal programs. Information on the selected
major federal environmental laws is organized under the headings of
“Basic objective” and “Key provisions.”

Clean Air Act (42 U.S.C. 7401 et seq.)

Basic objective. The Clean Air Act of 1970, which amended the Air
Quality Act of 1967, was established “to protect and enhance the qual-
ity of the Nation’s air resources so as to promote public health and wel-
fare and the productive capacity of its population.” Since 1970, the basic
act has been significantly amended to reflect national concern over air
quality. Support for cleaner air has come from both environmentalists
and the general public, although legislation has been politically contro-
versial because of its impact on industry and economic growth.

The major provisions of the act are intended to set a goal for cleaner
air by setting national primary and secondary ambient air quality stan-
dards. Primary standards define levels of air quality necessary to pro-
tect public health, while secondary standards define levels necessary to
protect the public welfare from any known or anticipated adverse
effects of a pollutant.

The basic objectives of the Clean Air Act Amendments of 1977 were
to define issues related to significant deterioration and nonattainment
areas, to implement a concept of emission offset, to encourage usage of
innovative control technologies, to prevent industries from benefiting
economically from noncompliance with air pollution control require-
ments, to state that using tall stacks to disperse air pollutants is not
considered a permanent solution to the air pollution problem, to state
that federal facilities must comply with both procedural and substan-
tive state pollution control requirements, and to establish guidelines
for future EPA standard setting in a number of areas.
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The 1990 Clean Air Act Amendments (CA 90) represent another major
effort by the U.S. Congress to address many complex and controversial
issues related to clean air legislation. CA 90 is expected to have pro-
found and far-reaching effects on federal facilities and industry. One
indication of the magnitude of the efforts commanded by these amend-
ments is their estimated cost. Expenditures to meet these requirements
are projected to reach $100 billion per year, with an annual compliance
cost of over $30 billion per year.

Basic objectives of CA 90 are to overhaul the nonattainment provi-
sions, to create an elaborate technology-based control program for toxic
air pollutants, to address acid precipitation and the power plant emis-
sions, to mandate the phase-out of chlorofluorocarbons (CFCs), and to
greatly strengthen enforcement powers of regulatory agencies.

Key provisions. Key provisions of the seven titles of the act are sum-
marized as follows:

Title I: Attainment and Maintenance of the National Ambient Air Quality Standards.

This title describes air pollution control requirements for geographic
areas in the United States which have failed to meet the National
Ambient Air Quality Standards (NAAQS). These areas are known as
nonattainment areas. Ozone is currently the most pervasive nonat-
tainment pollutant in the United States, and this title is directed at
controlling the pollutants (volatile organic compounds and nitrogen
oxides) which contribute to ground-level ozone formation. Title VI of
this act discusses stratospheric ozone issues.

Title II: Mobile Sources. This title deals with revised tailpipe emission
standards for motor vehicles. Requirements under this title compel
automobile manufacturers to improve design standards to limit carbon
monoxide, hydrocarbon, and nitrogen oxide emissions. Manufacturers
must also investigate the feasibility of controlling refueling emissions.
For the worst ozone and carbon monoxide nonattainment areas, refor-
mulated and oxygenated gasolines will be required.

Title III: Hazardous Air Pollutants. This title deals with control of haz-
ardous air pollutant emissions and contingency planning for accidental
release of these pollutants. Requirements of this title are, perhaps, the
most costly aspects of CA 90.

Title IV: Acid Deposition Control. The amendments establish a totally
new control scheme for addressing the acid rain problem. The exclusive
focus is on power plant emissions of sulfur dioxide and nitrogen oxide.
Sulfur dioxide emissions are to be reduced by approximately 10 million
tons annually in two phases—the first to take effect in 1995, the second
in 2000. It is important to note that these reductions are to be achieved

20 Chapter Two

Environmental Laws and Regulations

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



through a new market-based system under which power plants are to
be allocated “emissions allowances” that will require plants to reduce
their emissions or acquire allowances from others to achieve compli-
ance. The target for the reduction of nitrogen oxide is established at 
2 million tons per year.

Title V: Permits. This title provides for the states to issue federally
enforceable operating permits to applicable stationary sources. The
permits are designed to enforce the ability of the federal EPA, state
regulatory agencies, and private citizens to enforce the requirements
of CA 90. These permits will also be used to clarify operating and con-
trol requirements for stationary sources.

Title VI: Stratospheric Ozone Protection. This title limits emissions of
CFCs, halons, and other halogenic chemicals which contribute to the
destruction of stratospheric ozone. Provisions of this title closely follow
the control strategies recommended in June 1990 by the second meet-
ing of parties to the Montreal protocol.

Title VII: Enforcement. Requirements of this title completely replace
existing enforcement provisions in the Clean Air Act Amendments of
1977. New enforcement actions include higher maximum fines and
terms of imprisonment. Seriousness of violations has been upgraded
and liabilities are now targeted at senior management rather than 
on-site operators.

Enforcement responsibilities; federal-state relationship. A major provi-
sion of the Clean Air Act establishes the concept that the state accepts
the primary issue. Under the enforcement responsibilities established
in the act, the EPA sets certain federal minimum standards and pro-
cedures. The states must then pass their own regulatory programs
based upon these minimum standards. State programs must be sub-
mitted to the EPA for approval before the state can accept enforcement
responsibilities. In lieu of an approved state program, the federal pro-
gram will be in force. State regulatory programs must address the
issue of how to improve air quality in areas not meeting NAAQS and
protecting areas that meet NAAQS from deterioration of air quality.

Since the 1990 amendments, states have been passing and reviewing
their regulatory programs to reflect deadlines mandated by the act. The
impact of these regulatory programs has been enormous. The EPA must
review and approve or disapprove programs for 50 states, each of which
must incorporate all the key provisions of the act into the program.

Accomplishments and impacts. Although significant strides have been
made in improving air quality since the Clean Air Act was originally
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passed in 1970, the nation’s concern with air pollution and its impact
is still evolving. Some politically unpopular control strategies in the
area of land use regulations and transportation controls have been
modifies or eliminated. Many statutory deadlines have been post-
poned. In order to provide for continued economic growth, and recog-
nizing the energy needs of the nation, many air pollution control
requirements continue to be modified.

Noise Control Act (42 U.S.C. 4901 et seq.)

Basic objective. Noise pollution is one of the most pervasive environ-
mental problems. A report to the President and Congress on noise
indicates that between 80 and 100 million people are bothered by
environmental noise on a daily basis, and approximately 40 million
people are adversely affected (Report to the President, 1971).

Since noise is a by-product of human activity, the extent of exposure
increases as a function of population growth, population density,
mobility, and industrial activities. Acts such as NEPA also have an
effect on noise control requirements and related land uses.

In congressional hearings regarding federal aviation noise policy
(Federal Noise Policy, 1990), it was pointed out that aviation noise is a
serious environmental problem for those who live near airports. The
Federal Aviation Administration has authority to regulate aircraft
noise emissions, and classifies aircraft into three categories based on
their noise levels. Stage 1 aircraft, with the highest emissions, are
planes manufactured in the 1960s and 1970s. The original 707 and
DC-8 are examples. Stage 2 aircraft represent newer designs, such as
the 737 and later models of the 727. Stage 3 aircraft are the newest
designs, mostly of mid-1980s production, such as the MD-80 and 767,
and are notably quieter than older designs.

Since 1988, operation of Stage 1 aircraft has been flatly prohibited at
many urban airports, which has reduced the number of persons seri-
ously affected by noise from an estimated 7 million in the mid-1970s to
3.2 million in 1990 (Federal Aviation Noise Policy, 1990). Stage 2 air-
craft may continue to be operated, though their proportion in the fleet
is decreasing through natural attrition, and all were expected to drop
out of use after the year 2000. Many citizens’ groups and airport
authorities are requesting even faster phase-out of Stage 2 aircraft.
The European Community prohibits the purchase of new Stage 2 air-
craft, even as replacements, and plans to phase out their use well before
2000. The business and economic implications of this regulation of air-
craft type are serious. The mix of Stage 2 and Stage 3 aircraft varies
widely among airline companies, with some of the highest proportions
of older aircraft being held by companies that are in relatively poor
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financial condition and may not be able to afford the purchase of new
aircraft.

The Noise Control Act has four basic objectives:

1. New product noise emission standards directed principally at sur-
face transportation and construction noise sources

2. The utilization of “in-use” controls directed principally at aviation,
interstate motor carriers, and railroad noise sources

3. The labeling of products for protection against voluntary high-level
individual exposure

4. The development of state and local programs to control noise

Key provisions. The act mandates the EPA to promulgate standards
for noise emissions from the following new products:

1. Portable air compressors

2. Medium- and heavy-duty trucks

3. Earth-moving machinery

4. Buses

5. Truck-mounted solid waste compactors

6. Motorcycles

7. Jackhammers

8. Lawn mowers

Additionally, the act specifies that the following sources will be reg-
ulated via performance standards:

1. Construction equipment

2. Transportation equipment (with the aid of the Department of
Transportation)

3. Any motor or engine

4. Electrical or electronic equipment

5. Any other source which can feasibly be regulated

Section 7 of the act also amends the Federal Aviation Act and regu-
lates aircraft noise and sonic booms. The Federal Aviation Admin-
istration (FAA) is given the authority to regulate such noise after
consultation with and review by the EPA.

In 1978, the Noise Control Act was amended by the Quiet
Communities Act. This amendment provided for greater involvement
by state and local authorities in controlling noise. Its objectives are
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1. The dissemination of information concerning noise pollution
2. The conducting or financing of research on noise pollution
3. The administration of the quiet communities program, which

involves grants to local communities, the monitoring of noise emis-
sions, studies on noise pollution, and the education and training of
the public concerning the hazards of noise pollution

4. The development and implementation of a national noise environ-
mental assessment program to
a. Identify trends in noise exposure
b. Set ambient levels of noise
c. Set compliance data
d. Assess the effectiveness of noise abatement

5. The establishment of regional technical assistance centers.

The EPA is further given the authority to certify a product as accept-
able for low noise emission levels. These certified products are to be
used by federal agencies in lieu of a like product that is not certified.

Enforcement responsibilities; federal-state relationship. The EPA has
enforcement responsibilities under the act, as indicated in the key pro-
visions, and is mandated to promulgate noise emission standards. The
FAA controls noise from aircraft and sonic booms.

The 1978 amendments (Quiet Communities Act) were an attempt to
recognize that noise pollution is very often a local community problem
and needs to be regulated at that level. Thus, many noise regulations
are promulgated at the local level, with support from the state and
national level in the form of grants and research results.

Accomplishments and impacts. The effects of the law include:
1. The establishment of noise emission standards for

a. Construction equipment
b. Interstate motor vehicles (40 CFR, Part 202)
c. Railroads (40 CFR, Part 201)
d. Portable air compressors (40 CFR, Part 204)
e. Aircraft noise and sonic booms

2. The establishment of labeling requirements for certain types of
equipment (40 CFR, Part 211).

3. The establishment of the quiet communities program, which has
encouraged more involvement by state and local agencies in the
setting of more stringent noise levels and the enforcement of those
levels.

4. The requirement for federal agencies to purchase equipment certi-
fied by the EPA as having low noise emissions in lieu of like products
not having a certificate.
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On a more fundamental level, the act has served to increase noise
pollution awareness on the part of the public and has validated con-
cerns over this often overlooked type of pollution. It has stimulated
more and better research into the effects of noise on the quality of life
and the health hazard aspects.

Safe Drinking Water Act (42 U.S.C. 
300f et seq.)

Basic objective. The primary objectives of the act are twofold: (1) to pro-
tect the nation’s sources of drinking water and (2) to protect public health
to the maximum extent possible, using proper water treatment tech-
niques. The act establishes the need to set contaminant levels to protect
public health. These levels were established in regulations issued pur-
suant to the act, which requires the EPA to develop regulations for the
protection of underground sources of drinking water. Any underground
injection of wastewater must be authorized by a permit. Such a permit
will not be issued until the applicant can prove that such disposal will
not affect drinking water sources. Finally, the act requires procedures for
inspection, monitoring, record keeping, and reporting.

Key provisions. Key provisions of the act can be summarized as

1. The establishment of national primary drinking water standards
based upon maximum contaminant levels.

2. The establishment of treatment techniques to meet the standards.

3. The establishment of secondary drinking water standards.

4. The establishment of those contaminants for which standards 
are set, based on studies conducted by the National Academy of
Sciences. The EPA shall request comments from the Science
Advisory Board, established under the Environmental Research,
Development, and Demonstration Act of 1978, prior to proposals
on new or revised maximum contaminant levels.

5. The establishment of state management programs for enforcement
responsibilities. States must submit regulatory programs to the
EPA for approval. These programs must set primary and secondary
drinking water standards which meet or better the national stan-
dards. They must also regulate by permit facilities which treat
drinking water supplies.

6. The protection of underground sources of drinking water.

7. The establishment of procedures for development, implementation,
and assessment of demonstration programs designed to protect
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critical aquifer protection areas located within areas designated as
sole or principal source aquifers.

8. The requirements for state programs to protect wellhead areas from
contaminants which may have any adverse effects on public health.

9. Originally, the EPA was required to regulate 25 additional drink-
ing water contaminants each year. The 1996 amendments changed
this requirement and instead mandated that the EPA regulate the
contaminants that pose the greatest risk and are most likely to
occur in water systems.

10. The 1996 amendments created a fund that aids water systems. The
fund provides assistance for infrastructure upgrades and source
water protection programs.

Enforcement responsibilities; federal-state relationship. The passage of
the Drinking Water Act in December 1974, and amendments passed
through 1996, have broadened the EPA’s authority and responsibility to
regulate the quality of the nation’s drinking water regulations, with the
states having the major responsibility for enforcing these regulations.

States must submit drinking water programs to the EPA for
approval. These programs must meet, at a minimum, the federal stan-
dards for drinking water quality. They must also include procedural
aspects of inspection and monitoring, as well as control technology and
emergency procedures for noncompliance to protect the public health.
States are also given enforcement responsibilities for the control of
underground sources of water supply. These responsibilities must
include permitting procedures.

Accomplishments and impacts. There are more than 240,000 public
water supply systems serving over 200 million people. Many of these
systems are not using the most effective equipment and techniques to
collect, treat, and deliver potable water to the public. According to the
EPA (EPA, 1979), more than half of these systems are out of compli-
ance because of

1. Inadequate treatment techniques

2. Inadequately trained operators

3. Poor system design

4. Inadequate monitoring procedures

The only variations from state to state are procedural, such as record
keeping. Issues involving other legislation are also closely tied to safe
drinking water; for example, the protection of the nation’s waterways
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under the Clean Water Act affects the ultimate protection of the water
supply for potable water. Similarly, the leaching of hazardous wastes
into groundwater can affect underground water quality. Thus, the qual-
ity of sources of drinking water is closely tied by other major legislation
to the control of pollution.

Clean Water Act (33 U.S.C. 1251 et seq.)

Basic objective. The Clean Water Act is the primary authority for the
water pollution control programs. The objective of these programs is to
“restore and maintain the chemical, physical, and biological integrity
of the Nation’s waters.” It sets national goals to

1. Eliminate the discharge of pollutants into navigable waters by 1985

2. Set interim goals of water quality which will protect fish and
wildlife and will provide for recreation by July 1, 1983

3. Prohibit the discharge of toxic pollutants in quantities that might
adversely affect the environment

4. Construct publicly owned waste-treatment facilities with federal
financial assistance

5. Establish waste-treatment management plans within each state

6. Establish the technology necessary to eliminate the discharge of
pollutants

7. Develop and implement programs for the control of nonpoint sources
of pollution to enable the goals of the act to be met.

The goals are to be achieved by a legislative program which
includes permits under the National Pollutant Discharge Elimination
System (NPDES). Effluent limitations imposed under the initial leg-
islation required the existing sources of pollution to use the “best
practicable” treatment technology by 1977 and the “best available”
technology by 1983; amendments provided means for modification of
compliance dates. It requires an independent set of effluent limita-
tions for new sources.

Key provisions. Development of effluent standards and permit sys-
tems and state and local responsibilities are key provisions of the act.

Effluent standards for existing and new sources of water pollution
are established. These are source-specific limitations. Also, the act
lists categories of point sources for which the EPA must issue stan-
dards of performance for new sources. States must develop and submit
to the EPA a procedure for applying and enforcing these standards.
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The EPA may establish a list of toxic pollutants and establish efflu-
ent limitations based on the best available technology economically
achievable for point sources designated by the EPA. The EPA has also
issued pretreatment standards for toxic pollutants.

Anyone conducting an activity, including construction or operation
of a facility, which may result in any discharge into navigable waters
must first obtain a permit. Permit applications must include a certi-
fication that the discharge will meet applicable provisions of the 
act, under NPDES. Permits for a discharge into ocean water will 
be issued under separate guidelines from the EPA. The Corps of
Engineers will issue permits for the discharge of dredged or fill
material in ocean water, based on criteria established by the Corps.

The act makes provision for direct grants to states to help them in
administering pollution control programs. It also provides grants to
assist in the development and implementation of waste-treatment man-
agement programs, including the construction of waste-treatment facil-
ities. The federal share of construction costs will be no more than 55
percent after October 1, 1984.

To be eligible for these grants, states must develop waste-treatment
management plans that are based upon federally issued guidelines.
These programs must be approved by the EPA and must include

1. Regulatory programs to assure that the treatment facilities will
include applicable pretreatment requirements

2. The identification of sources of pollution and the process by which
control will be achieved

3. A process to control sources of groundwater pollution

4. The control of pollution from dredged or fill material into navigable
waters. This must meet Section 404 requirements of this act.

Waste-treatment management shall be on an areawide basis, pro-
viding for the control of pollution from all point and nonpoint sources.
In addition, the states must develop implementation plans for EPA
approval to meet minimum water quality standards established by
the EPA.

Other provisions of the act state that federal facilities must comply
with all federal, state, and local requirements for the abatement and
control of pollution. Also, the act provides grants to conduct a national
wetlands inventory.

In November 1990, the EPA issued regulations setting forth the
NPDES permit application requirements for stormwater discharges
associated with industrial activities, discharge from municipal storm
sewer systems which serve urban areas of 250,000 population or
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greater, and discharges from municipal storm sewer systems serving
populations between 100,000 and 250,000.

Enforcement responsibilities; federal-state relationship. Except for issu-
ing permits for the discharge of dredged or fill material, the EPA has
no enforcement responsibilities for the act. The Corps of Engineers
has the responsibility of issuing permits for specific categories of
activities involving discharge of dredged or fill materials if the dis-
charge will cause only minimal adverse effects. Sites for the discharge
of dredged or fill material shall be specified by EPA guidelines.

Like many other major environmental statutes, the Clean Water Act
emphasizes eventual state primacy and enforcement responsibilities.
When the state has plans for preserving or restoring water quality and
the EPA has approved those programs, the state will then assume
enforcement responsibilities. Both these programs are based upon a
minimal federal regulatory involvement. The federal role is also one of
providing grants to states for the implementation of these programs.

Accomplishments. The Clean Water Act is enforced through two major
interrelated strategies—a statutory program for the improvement of
water quality and a related program of federal grants for the con-
struction and expansion of wastewater treatment works.

A national clean water goal, initially to have been achieved by 1983,
first provided a statutory guideline for a legislative program intended
to eliminate all pollution in national waters. Discharge permits were
then required for all water effluent discharges into national waters,
and these permits may not be granted unless the source of the dis-
charge utilizes the effluent treatment technology required by the act.
These discharge permits are granted and administered according to
the NPDES, initially to be administered by the EPA but which may be
transferred for administration to the states subject to their compliance
with detailed criteria contained in the federal law.

Effluent limitations imposed under the act generally require that
existing sources of pollution make use of the “best practicable” treat-
ment technology by 1977 and the “best available” technology by 1983,
and the statute also imposes an independent set of effluent limitations
on new sources of water pollution. Discharges from wastewater treat-
ment plants also require a discharge permit under the NPDES system.

Water quality standards established under the earlier water quality
act are also continued. Standards must be established by a state if it
has not done so previously. The EPA and the states must establish
more stringent effluent limitations than those otherwise required by
the act if needed to meet water quality standards. As in the Clean Air
Act, the water quality and discharge permit requirements of the Clean
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Water Act can be expected to have a major impact on land development
patterns through the influence they exert on the location of water pol-
lution sources.

As in the Clean Air Act, the water pollution control requirements are
applied principally to point sources of pollution. Where the Clean
Water Act differs from the Clean Air Act is in its specific statutory
requirements for a water quality planning program that includes spe-
cific land development control authority.

As a result of amendments (Water Quality Act of 1987), the Clean
Water Act also addresses problems caused by the diffusion of water
from nonpoint areawide sources of pollution, such as stormwater runoff
and water runoff from on-site construction activities. Controls over
nonpoint sources are also required by the act. They are first required in
the “regulatory program,” which must be a part of the areawide waste
treatment planning process. This program must include “procedures
and methods,” including “land use requirements,” to control nonpoint
pollution sources.

The dredge and fill program under Section 404 of the 1972 Water
Pollution Control Act authorizes a permit program for dredge and fill
activities in “waters of the United States” to be administered by the
U.S. Army Corps of Engineers. Deliberate congressional selection of 
the language defining the jurisdiction of the Corps led to an expansion
of the program to include coastal and freshwater wetlands as well as
navigable waters. This extension of jurisdiction makes a federal dredge
and fill permit necessary for residential and other development in wet-
lands areas. The Corps is authorized to issue permits for dredge and fill
activities and disposal sites specified by the Corps under regulations
jointly developed by it and the EPA. The required review covers analy-
sis similar to the environmental assessments or environmental impact
statements. The Corps is to consider the need for the permit, alterna-
tive locations and methods, beneficial and detrimental effects, and
cumulative impacts.

The act also authorizes the EPA to veto dredge and fill permits issued
by the Corps of Engineers if they have an “unacceptable adverse effect”
on municipal water supplies or shellfish beds or on fishery, wildlife, or
recreational areas. With the 1977 amendments, Congress preserved
the broad jurisdiction of the dredge and fill program over all waters,
but authorized a delegation to the states of the authority to issue per-
mits for waters not classed as navigable and shifted control over non-
point sources of pollution to Section 208. An amendment to Section 204
exempts from the dredge and fill permit requirement a series of earth-
moving activities such as normal farming and construction sites, as
well as any nonpoint sources subject to control under a state nonpoint
sources control program approved under Section 208.
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The Water Pollution Control Amendments of 1981 (33 U.S.C. 1251 et
seq.) legalized oxidation ponds, lagoons and ditches, and trickling fil-
ters as the equivalent of secondary treatment if water is not adversely
affected.

Under this act, the EPA administers programs that provide financial
grants to local agencies for the planning of wastewater management
facilities. The Corps of Engineers participates in the planning of
wastewater facilities or systems as follows:

1. The Corps of Engineers may perform a single-purpose wastewater
management study in response to a congressional resolution or an
act of Congress.

2. The Corps of Engineers may engage in wastewater management
planning as part of an urban study.

3. The Corps of Engineers may provide advisory assistance to local or
state agencies engaged in areawide waste treatment planning at
the request of such agency.

Water quality planning under Section 208, also referred to as “208
Planning,” was initiated under this act. A substantial number of 
208 plans were developed.

The prevailing trend in water pollution control regulation and
research has been in the direction of technology-based rather than
water-quality-based, causing some point-source pollution control proj-
ects to become excessively costly by providing treatment beyond the
levels required by receiving waters. On the other hand, pressing prob-
lems like surface runoff, combined sewer overflows, operation and
maintenance, and toxic and hazardous waste disposal remained unre-
solved. Many scientists and engineers recommend that the facilities to
treat point-source pollutants should be developed in concert with mea-
sures that may be needed for control of nonpoint sources.

Resource Conservation and Recovery Act
(42 U.S.C. 6901 et seq.)

Basic objective. The Resource Conservation and Recovery Act (RCRA),
as it exists now, is the culmination of a long series of pieces of legisla-
tion, dating back to the passage of the Solid Waste Disposal Act of 1965,
which address the problem of waste disposal. It began with the attempt
to control solid waste disposal and eventually evolved into an expres-
sion of the national concern with the safe and proper disposal of haz-
ardous waste. Establishing alternatives to existing methods of land
disposal and to conversion of solid wastes into energy are two important
needs noted by the act.
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RCRA gives the EPA broad authority to regulate the disposal of haz-
ardous wastes; encourages the development of solid waste manage-
ment plans and nonhazardous waste regulatory programs by states;
prohibits open dumping of wastes; regulates underground storage
tanks; and provides for a national research, development, and demon-
stration program for improved solid waste management and resource
conservation techniques.

The control of hazardous wastes will be undertaken by identifying
and tracking hazardous wastes as they are generated, ensuring that
hazardous wastes are properly contained and transported, and regu-
lating the storage, disposal, or treatment of hazardous wastes.

A major objective of the RCRA is to protect the environment and
conserve resources through the development and implementation of
solid waste management plans by the states. The act recognizes the
need to develop and demonstrate waste management practices that
not only are environmentally sound and economically viable but also
conserve resources. The act requires the EPA to undertake a number
of special studies on subjects such as resource recovery from glass and
plastic waste and managing the disposal of sludge and tires. An
Interagency Resource Conservation Committee has been established
to report to the President and the Congress on the economic, social,
and environmental consequences of present and alternative resource
conservation and resource recovery techniques.

Key provisions. Some significant elements of the act follow.
Hazardous wastes are identified by definition and publication. Four
classes of definitions of hazardous waste have been identified—
ignitability, reactivity, corrosivity, and toxicity. The chemicals that fall
into these classes are regulated primarily because of the dangerous
situations they can cause when landfilled with typical municipal
refuse. Four lists, containing approximately 1000 distinct chemical
compounds, have been published. (These lists are revised as new
chemicals become available.) These lists include waste chemicals from
nonspecific sources, by-products of specific industrial processes, and
pure or off-specification commercial chemical products. These classes
of chemicals are regulated primarily to protect groundwater from con-
tamination by toxic products and by-products.

The act requires tracking of hazardous wastes from generation, to
transportation, to storage, to disposal or treatment. Generators, trans-
porters, and operators of facilities that dispose of solid wastes must
comply with a system of record keeping, labeling, and manufacturing
to ensure that all hazardous waste is designated only for authorized
treatment, storage, or disposal facilities. The EPA must issue permits
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for these facilities, and they must comply with the standards issued by
the EPA.

The states must develop hazardous waste management plans, which
must be EPA-approved. These programs will regulate hazardous wastes
in the states and will control the issuance of permits. If a state does not
develop such a program, the EPA, based on the federal program, will 
do so.

Solid waste disposal sites are to be inventoried to determined compli-
ance with the sanitary landfill regulations issued by the EPA. Open
dumps are to be closed or upgraded within 5 years of the inventory. As
with hazardous waste management, states must develop management
plans to control the disposal of solid waste and to regulate disposal sites.
The EPA has issued guidelines to assist states in developing their 
programs.

As of 1983, experience and a variety of studies dating back to the ini-
tial passage of the RCRA legislation found that an estimated 40 mil-
lion metric tons of hazardous waste escaped control annually through
loopholes in the legislative and regulatory framework. Subsequently,
Congress was forced to reevaluate RCRA, and in doing so found that
RCRA fell short of its legislative intent by failing to regulate a signifi-
cant number of small-quantity generators, regulate waste oil, ensure
environmentally sound operation of land disposal facilities, and real-
ize the need to control the contamination of groundwater caused by
leaking underground storage tanks.

Major amendments were enacted in 1984 in order to address the
shortcomings of RCRA. Key provisions of the 1984 amendments include

■ Notification of underground tank data and regulations for detection,
prevention, and correction of releases

■ Incorporation of small-quantity generators (which generate between
100 and 1000 kg of hazardous waste per month) into the regulatory
scheme

■ Restriction of land disposal of a variety of wastes unless the EPA
determines that land disposal is safe from human health and envi-
ronmental points of views

■ Requirement of corrective action by treatment, storage, and disposal
facilities for all releases of hazardous waste regardless of when the
waste was placed in the unit

■ Requirement that the EPA inspect government-owned facilities
(which handle hazardous waste) annually, and other permitted haz-
ardous waste facilities at least every other year

■ Regulation of facilities which burn wastes and oils in boilers and
industrial furnaces
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Enforcement responsibilities; federal-state relationship. Subtitle C of the
Solid Waste Disposal Act, as amended by RCRA of 1976, directs the EPA
to promulgate regulations for the management of hazardous wastes.

The hazardous waste regulations, initially published in May 1980,
control the treatment, storage, transport, and disposal of waste chem-
icals that may be hazardous if landfilled in the traditional way. These
regulations (40 CFR 261–265) identify hazardous chemicals in two
ways—by listing and by definition. A chemical substance that appears
on any of the lists or meets any one of the definitions must be handled
as a hazardous waste.

Like other environmental legislation, RCRA enforcement responsi-
bilities for hazardous waste management will eventually be handled by
each state, with federal approval. Each state must submit a program
for the control of hazardous waste. These programs must be approved
by the EPA before the state can accept enforcement responsibilities.

The state programs will pass through three phases before final
approval will be given. The first phase is the interim phase, during
which the federal program will be in effect. The states will then begin
submitting their programs for the control of hazardous wastes. The
second-phase programs will address permitting procedures. A final
phase will provide federal guidance for design and operation of haz-
ardous waste disposal facilities. Many states have chosen to allow the
federal programs to suffice as the state program to avoid the expense
of designing and enforcing the program.

It should also be noted that the Department of Transportation has
enforcement responsibilities for the transportation of hazardous
wastes and for the manifest system involved in transporting.

Accomplishments and impacts. The 1980 regulations for the control of
hazardous wastes were a response to the national concern over haz-
ardous waste disposal. States have begun to discover their own “Love
Canals” and the impacts of unregulated disposal of hazardous wastes on
their communities. While the “Superfund” legislation provides funds for
the cleanup of such sites, RCRA attempts to avoid future Love Canals.

Comprehensive Environmental Response,
Compensation and Liability Act (42 U.S.C.
9601 et seq.)

Basic objective. The Comprehensive Environmental Response Com-
pensation and Liability Act (CERCLA), also known as “Superfund,”
has four objectives. These are

1. To give the enforcement agency the authority to respond to the
releases of hazardous wastes (as defined in the Federal Water
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Pollution Control Act, Clean Air Act, Toxic Substances Control Act,
and Solid Waste Disposal Act, and by the administrator of the
enforcement agency) from “inactive” hazardous waste sites which
endanger public health and the environment

2. To establish a Hazardous Substance Superfund

3. To establish regulations controlling inactive hazardous waste sites

4. To provide liability for releases of hazardous wastes from such inac-
tive sites

The act amends the Solid Waste Disposal Act. It provides for an
inventory of inactive hazardous waste sites and for the appropriate
action to protect the public from the dangers possible from such sites.
It is a response to the concern for the dangers of negligent hazardous
waste disposal practices.

Key provisions
1. The establishment of a Hazardous Substance Superfund based on

fees from industry and federal appropriations to finance response
actions.

2. The establishment of liability to recover costs of response from liable
parties and to induce the cleanup of sites by responsible persons.

3. The determination of the number of inactive hazardous waste sites
by conducting a national inventory. This inventory shall include
coordination by the Agency for Toxic Substances and Disease
Registry with the Public Health Service for the purpose of imple-
menting the health-related authorities in the act.

4. The provision of the authority for the EPA to act when there is a
release or threat of release of a pollutant from a site which may
endanger public health. Such action may include “removal, remedy,
and remedial action.”

5. The revision, within 180 days of enactment of the act, of the
National Contingency Plan for the Removal of Oil and Hazardous
Substances (40 CFR, Part 300). This plan must include a section to
establish procedures and standards for responding to releases of
hazardous substances, pollutants, and contaminants and abate-
ment actions necessary to offset imminent dangers.

CERCLA requires that federal agencies assess injury or damage to
natural resources caused by spills of oil or hazardous substances; these
requirements are called the Natural Resource Damage Assessment
(NRDA) provisions of CERCLA. The Department of the Interior regula-
tions (43 CFR 11) explain how to conduct damage assessments under
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NRDA and calculate the monetary cost of restoring five types of nat-
ural resources—air, surface water, groundwater, biotic, and geologic—
from this type of injury. Under the CERCLA National Contingency
Plan regulations (40 CFR 300), the Departments of Agriculture,
Commerce, Defense, Energy, and Interior, states, and Native American
governments have specific trust responsibilities over natural resources
and can claim injury in the event of resource damage.

Enforcement responsibilities; federal-state relationship. The EPA has
responsibility for enforcement of CERCLA as it pertains to the inven-
tory, liability, and response provisions. The EPA is also responsible for
claims against the Hazardous Substance Superfund, which is admin-
istered by the President. The EPA is responsible for promulgating reg-
ulations to designate hazardous substances, reportable quantities, and
procedures for response. The National Response Center, established
by the Clean Water Act, is responsible for notifying the appropriate
government agencies of any release.

The following Department of Transportation agencies also have
responsibilities under the act:

1. U.S. Coast Guard—response to releases from vessels

2. Federal Aviation Administration—responses to releases from aircraft

3. Federal Highway Administration—responses to releases from
motor carriers

4. Federal Railway Administration—responses to releases from
rolling stock

States are encouraged by the act to participate in response actions.
The act authorizes the EPA to enter into contracts or cooperative
agreements with states to take response actions. The fund can be
used to defray costs to the states. The EPA must first approve an
agreement with the state, based on the commitment by the state to
provide funding for remedial implementation. Before undertaking
any remedial action as part of a response, the EPA must consult with
the affected states.

Accomplishments and impacts. On July 16, 1982, the EPA published
the final regulations pursuant to Section 105 of the act, revising the
National Contingency Plan for Oil and Hazardous Substances under
the Clean Water Act, reflecting new responsibilities and powers 
created by CERCLA. The plan established an effective response pro-
gram. Because the act requires a national inventory of inactive haz-
ardous waste sites, the intent is to identify potential danger areas and
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effect a cleanup or remedial actions to avoid or mitigate public health
and environmental dangers. In studying a sampling of these sites, the
House Committee on Interstate and Foreign Commerce (House
Report No. 96-1016) found four dangerous characteristics common to
all the sites. These characteristics are

1. Large quantities of hazardous wastes

2. Unsafe design of the sites and unsafe disposal practices

3. Substantial environmental danger from the wastes

4. The potential for major health problems for people living and work-
ing in the area of the sites.

The intent of the act is to eliminate the above problems by dealing
with the vast quantities of hazardous and toxic wastes in unsafe dis-
posal sites in the country. The immediate impact of the act has been
the identification of the worst sites, where the environmental and
health dangers are imminent. This priority list will be used to spend
the money available in the Hazardous Waste Response Fund in the
most effective way to eliminate the imminent dangers. The long-term
impact of the act will be to clean up all the identified inactive sites and
develop practices and procedures to prevent future hazards in such
sites, whether active or inactive. Another accomplishment of the act is
to establish liability for the cost of cleanup to discourage unsafe design
and disposal practices.

Superfund Amendments and
Reauthorization Act (42 U.S.C. 11001 et seq.)

Basic objective. The Superfund Amendments and Reauthorization Act
(SARA) revises and extends CERCLA (Superfund authorization).
CERCLA is extended by the addition of new authorities known as the
Emergency Planning and Community Right-to-Know Act of 1986 (also
known as Title III of SARA). Title III of SARA provides for “emergency
planning and preparedness, community right-to-know reporting, and
toxic chemical release reporting.” This act also establishes a special
program within the Department of Defense for restoration of contam-
inated lands, somewhat similar to the Superfund under CERCLA.

Key provisions. There are key provisions which apply when a haz-
ardous substance is handled and when an actual release has occurred.
Even before any emergency has arisen, certain information must be
made available to state and local authorities and to the general public
upon request. Facility owners and operators are obligated to provide
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information pertaining to any regulated substance present on the
facility to the appropriate state or local authorities (Subtitle A). Three
types of information are to be reported to the appropriate state and
local authorities (Subtitle B):

1. Material safety data sheets (MSDSs), which are prepared by the
manufacturer of any hazardous chemical and are retained by 
the facility owner or operator (or if confidentiality is a concern, a
list of hazardous chemicals for which MSDSs are retained can be
made available). These sheets contain general information on a
hazardous chemical and provide an initial notice to the state and
local authorities.

2. Emergency and hazardous chemical inventory forms, which are
submitted annually to the state and local authorities. Tier I infor-
mation includes the maximum amount of a hazardous chemical
which may be present at any time during the reporting year, and
the average daily amount present during the year prior to the
reporting year. Also included is the “general location of hazardous
chemicals in each category.” This information is available to the
general public upon request. Tier II information is reported only if
requested by an emergency entity or fire department. This infor-
mation provides a more detailed description of the chemicals, the
average amounts handled, the precise location, storage procedures,
and whether the information is to be made available to the general
public (allowing for the protection of confidential information).

3. Toxic chemical release reporting, which releases general informa-
tion about effluents and emissions of any “toxic chemicals.”

In the event that a release of a hazardous substance does occur, a
facility owner or operator must notify the authorities. This notification
must identify the hazardous chemical involved; amounts released; time,
duration, and environmental fate; and suggested action.

A multilayer emergency planning and response network on the state
and local government levels is to be established (also providing a noti-
fication scheme in the event of a release).

Enforcement responsibilities; federal-state relationship. Local emergency
planning committees or an emergency response commission appoint-
ed by the governor of the state is responsible for the response scheme.
The primary drafters of the local response plans are local committees,
which are also responsible for initiating the response procedure in the
event of an emergency. Each state commission will supervise the local
activities.
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Accomplishments and impacts. SARA legislation to promote emergency
planning and to provide citizen information at the local level was a
response to the 1984 disaster in Bhopal, India. A major intent is to reas-
sure U.S. citizens that a similar tragedy will not occur in this country,
and thus have a calming effect. The standardization of reporting and
record keeping should produce long-term benefits and well-designed
response plans. Whether a high-quality emergency response involvement
can be maintained indefinitely at the local level remains a question.

Federal Insecticide, Fungicide, and
Rodenticide Act (7 U.S.C. 136 et seq.)

Basic objective. The Federal Insecticide, Fungicide, and Rodenticide
Act (FIFRA) is designed to regulate the use and safety of pesticide
products within the United States (which is in excess of one billion
pounds). The 1972 amendments (a major restructuring which estab-
lished the contemporary regulatory structure) are intended to ensure
that the environmental harm resulting from the use of pesticides does
not outweigh the benefits.

Key provisions. Key provisions of FIFRA include

■ The evaluation of risks posed by pesticides (requiring registration
with the EPA)

■ The classification and certification of pesticides by specific use (as a
way to control exposure)

■ The restriction of the use of pesticides which are harmful to the envi-
ronment (or suspending or canceling the use of the pesticide)

■ The enforcement of the above requirements through inspections,
labeling, notices, and state regulation

Enforcement responsibilities; federal-state relationship. The EPA is
allowed to establish regulations concerning registration, inspection,
fines, and criminal penalties, and to stop the sales of pesticides. Primary
enforcement responsibility, however, has been assumed by almost every
state. Federal law only specifies that each state must have adequate law
and enforcement procedures to assume primary authority.

As in the case of almost any federal law, FIFRA preempts state law
to the extent that it addresses the pesticide problem. Thus, a state can-
not adopt a law or regulation that counters a provision of FIFRA, but
can be more stringent.

Accomplishments and impacts. While the volume of pesticides and
related information is enormous, FIFRA has enabled the EPA to
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acquire much information for analysis of risk and environmental
degradation that results from the use of pesticides. This information
has been, and will continue to be, generally invaluable in such analy-
sis. However, Congress continues to struggle with the balancing of ben-
efits and detriments of the use of pesticides in its attempt to deal with
the economic, scientific, and environmental issues that are involved 
in the regulation of pesticides.

Marine Protection, Research, and
Sanctuaries Act (33 U.S.C. 1401 et seq.)

Basic objective. This act regulates the dumping of all types of materi-
als into the ocean. It prevents, or severely restricts, the dumping of
materials adversely affecting human welfare, the marine environ-
ment, ecological systems, or economic potentialities. It provides for a
permitting process to control the ocean dumping of dredged material.

The act also establishes the marine sanctuaries program, which des-
ignates certain areas of the ocean waters as sanctuaries when such
designation is necessary to preserve or restore these areas for their
conservation, recreation, ecology, or aesthetic values. States are in-
volved in the program through veto powers to prohibit a designation.

Key provisions. The EPA is responsible for issuing permits for the
dumping of materials in ocean waters except for dredged material
(regulated by the Corps of Engineers), radiological, chemical, and bio-
logical warfare agents, and high-level radioactive waste, for which no
permits will be issued.

The EPA has established criteria for reviewing and evaluating per-
mit applications (40 CFR, Subchapter H). These criteria shall consider

1. The need for the proposed dumping

2. The effect of such dumping on human health and welfare, including
economic, aesthetic, and recreational values

3. The effect of such dumping on marine ecosystems

4. The persistence and permanence of the effects of the dumping

5. The effect of dumping particular volumes and concentrations of
such materials

6. Locations and methods of disposal or recycling, including land-
based alternatives

7. The effect on alternate uses of oceans such as scientific study, fish-
ing, and other living resource exploitation

The Secretary of the Army is responsible for issuing permits for the
transportation and disposal of dredged material in ocean waters. The
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Secretary shall apply the same criteria for the issuance of permits as
the EPA uses and will issue permits in consultation with the EPA.
Permits issued by the EPA or the Corps of Engineers shall designate

1. The type of material authorized to be transported for dumping or to
be dumped

2. The amount of material authorized to be transported for dumping
or to be dumped

3. The location where such transport for dumping will be terminated
or where such dumping will occur

4. The length of time for which the permits are valid

5. Any special provisions

The other major provision of the act is the establishment of the
Marine Sanctuaries Program.

Enforcement responsibilities; federal-state relationship. The EPA has
responsibility for issuing and administering permits for the dumping of
all materials (except for dredged material) into ocean waters. The Corps
of Engineers has responsibility for permits for the dumping of dredged
or fill material in ocean waters. Each agency has issued regulations to
control ocean dumping. The National Oceanic and Atmospheric Admin-
istration (NOAA) in the Department of Commerce is responsible for
administering the Marine Sanctuaries Program and issuing regulations
to implement it. The states in which a sanctuary is designated can 
stop the designation by certifying that the terms are unacceptable to 
the state.

Accomplishments and impacts. In January 1982, the Department of
Commerce released the “Program Development Plan” for the national
Marine Sanctuaries Program. In this program, emphasis is on the use
of marine sanctuaries for both public and private concerns. This will
be particularly evident in the exploitation of the areas for mineral
resources. A greater participation by those states in which the sanctu-
aries are located is being fostered. This greater involvement on the
part of affected states will also extend to the permitting process for 
the dumping of wastes and dredged material into ocean waters.

Toxic Substances Control Act (15 U.S.C.
2601 et seq.)

Basic objective. The Toxic Substances Control Act (TSCA) sets up the
toxic substances program, which is administered by the EPA. If the EPA
finds that a chemical substance may present an unreasonable risk to

Environmental Laws and Regulations 41

Environmental Laws and Regulations

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



health or to the environment and that there are insufficient data to pre-
dict the effects of the substance, manufacturers may be required to con-
duct tests to evaluate the characteristics of the substance, such as
persistence, acute toxicity, or carcinogenic effects. Also, the act estab-
lishes a committee to develop a priority list of chemical substances to
be tested. The committee may list up to 50 chemicals which must be
tested within 1 year. However, the EPA may require testing for chemi-
cals not on the priority list.

Manufacturers must notify the EPA of the intention to manufacture
a new chemical substance. The EPA may then determine if the data
available are inadequate to assess the health and environmental
effects of the new chemical. If the data are determined to be inade-
quate, the EPA will require testing. Most importantly, the EPA may
prohibit the manufacture, sale, use, or disposal of a new or existing
chemical substance if it finds the chemical presents an unreasonable
risk to health or the environment. The EPA can also limit the amount
of the chemical that can be manufactured and used and the manner in
which the chemical can be used.

The act also regulates the labeling and disposal of polychlorinated
biphenyls (PCBs) and prohibits their production and distribution after
July 1979.

In 1986, Title II, “Asbestos Hazard Emergency Response,” was
added to address issues of inspection and removal of asbestos prod-
ucts in public schools and to study the extent of (and response to) the
public health danger posed by asbestos in public and commercial
buildings.

Key provisions. Testing is required on chemical substances meeting
certain criteria to develop data with respect to the health and envi-
ronmental effects for which there are insufficient data relevant to the
determination that the chemical substance does or does not present an
unreasonable risk of injury to health or the environment.

Testing shall include identification of the chemical and standards for
test data. Testing is required from the following:

1. Manufacturers of a chemical meeting certain criteria

2. Processors of a chemical meeting certain criteria

3. Distributors or persons involved in disposal of chemicals meeting
certain criteria

Test data required by the act must be submitted to the EPA, identi-
fying the chemical, listing the uses or intended uses, and listing the
information required by the applicable standards for the development
of test data.
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The EPA will establish a priority list of chemical substances for regu-
lation. Priority is given to substances known to cause or contribute to
cancer, gene mutations, or birth defects. The list is revised and updated
as needed.

A new chemical may not be manufactured without notifying the EPA
at least 90 days before manufacturing begins. The notification must
include test data showing that the manufacture, processing, use, and
disposal of the chemical will not present an unreasonable risk of injury
to health or the environment. Chemical manufacturers must keep
records for submission to the EPA as required. The EPA will use these
reports to compile an inventory of chemical substances manufactured
or processed in the United States.

The EPA can prohibit the manufacture of a chemical found to pre-
sent an unreasonable risk of injury to health or the environment or
otherwise restrict a chemical. The act also regulates the disposal and
use and prohibits the future manufacture of PCBs, and requires the
EPA to engage, through various means, in research, development, col-
lection, dissemination, and utilization of data relevant to chemical
substances.

Enforcement responsibilities; federal-state relationship. The EPA has
enforcement responsibilities for the act, but the act makes provision
for consultation with other federal agencies involved in health and
environmental issues, such as the Occupational Safety and Health
Administration and the Department of Health and Human Services.
Initially, the states could receive EPA grants to aid them in establish-
ing programs at the state level to prevent or eliminate unreasonable
risks to health or the environment related to chemical substances.

Accomplishments and impacts. TSCA has provided a framework for
establishing that chemical manufacturers take responsibility for the
testing of chemical substances as related to their health and environ-
mental effects. It places the burden of proof on the manufacturer to
establish the safety of a chemical, yet still gives the EPA the final
authority to prohibit or severely restrict chemicals in commerce. Thus,
it is an attempt at the introduction of a chemical to prevent significant
health and environmental problems that may surface later on. The
fact that, when this legislation was initially passed, PCB effects were
such an issue because of their widespread and uncontrolled use is
reflective of public concerns over the number of other possible chemi-
cals commonly used which could be carcinogenic. Public concern was
so visible that an immediate need was perceived to regulate PCBs.
Thus, PCBs are controlled as specifically prohibited by TSCA rather
than RCRA.
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National Environmental Policy Act (42 U.S.C.
4341 et seq.)

NEPA is considered the cornerstone of environmental legislation in
that it establishes a national policy regarding protection of the envi-
ronment. The complete text of this legislation is presented in Appendix
A. Basic objectives and key provisions of the act are well defined in the
language of this legislation. The CEQ has the main responsibility 
for overseeing federal efforts to comply with NEPA. In 1978, the CEQ
issued regulations to comply with the procedural provisions of NEPA
(40 CFR 1500–1508, which appears in Appendix D). Other provisions
of NEPA apply to major federal actions significantly affecting the qual-
ity of the human environment.

This act requires federal agencies to assess the environmental
impact of implementing their major programs and actions early in the
planning process. For those projects or actions which either are expec-
ted to have a significant effect on the quality of the human environ-
ment or are expected to be controversial on environmental grounds,
the proponent agency is required to file a formal environmental impact
statement (EIS).

Enforcement responsibilities; federal-state relationship. The CEQ has
responsibility for overseeing federal efforts to comply with NEPA. Each
federal agency has the responsibility to comply with NEPA, and most
agencies have developed agency-specific regulations, guidelines, or
requirements for complying with NEPA. Some states have enacted
state laws similar to NEPA. Occasionally, an action with both a federal
and state component may fall under both laws.

Accomplishments and impacts. This act has added a new dimension to
the planning and decision-making process of federal agencies in the
United States. This act requires federal agencies to assess the envi-
ronmental impact of implementing their major programs and actions
early in the planning process. Other accomplishments and impacts of
NEPA are

1. It has provided a systematic means of dealing with environmental
concerns and including environmental costs in the decision-making
process.

2. It has opened governmental activities and projects to public scrutiny
and public participation.

3. Some projects have been delayed because of the time required to
comply with the NEPA requirements.
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4. Many projects have been modified or abandoned to balance envi-
ronmental costs with other benefits.

5. It has served to accomplish the four purposes of the act as stated in
its text.

National Historic Preservation Act (16 U.S.C.
470–470t)

Basic objective. The act, first passed in 1966 and amended several
times since, declares a national policy of preserving, restoring, and
maintaining cultural resources—broadly defined as historic, tribal, 
or archaeological properties (King, 1998). The President’s Advisory
Council on Historic Preservation is given responsibility under the act
to implement this national policy. The law authorizes the Secretary of
the Interior to maintain a National Register of Historic Places; amend-
ments to the act in the 1970s gave the National Park Service, U.S.
Department of the Interior, the responsibility for determining the eli-
gibility of sites for inclusion on the National Register. Federal agencies
cannot undertake projects that would affect properties listed, or eligi-
ble for listing, on the Register without considering the effect on those
properties. Under Section 106 of the National Historic Preservation
Act, federal agencies must consult with the Advisory Council or the
State Historic Preservation Officer if a project will affect, or is likely to
affect, either a listed site or an eligible site. The section’s latest 106 reg-
ulations, Protection of Historic Properties (36 CFR Part 800), effective
January 11, 2001, provide specific requirements for the consultation
process. (In addition to the National Historic Preservation Act, there
are many other laws related to cultural resource protection and preser-
vation that must be considered during a NEPA review; see Chapter 13.)

Key provisions. In summary, major provisions of the act are

1. Regulations for determination of eligibility for  the National Register
of Historic Places.

2. A federal agency must take into account the effect of a project on
any property included in or eligible for inclusion on the National
Register.

3. The Advisory Council must be given an opportunity to comment on
a federal project.

4. Federal agencies must inventory all property and nominate any eli-
gible properties to the National Register.

5. Federal agencies must provide for the maintenance of federally
owned registered sites.
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6. Agencies must coordinate projects with the state historic preserva-
tion officer of the state in which the project is located.

7. States can qualify for federal grants for the protection, restoration,
and maintenance on properties on the National Register.

Enforcement responsibilities; federal-state relationship. Enforcement
responsibilities involve a triad of agencies. The Advisory Council on
Historic Preservation is given the ultimate authority to comment on a
federal project that may affect a property on or eligible for inclusion on
the National Register. The National Park Service has responsibility
for making determinations on eligibility. The state historic preserva-
tion officer has the final responsibility for protecting and maintaining
eligible properties.

Accomplishments and impacts. The greatest impact of the act has been
the inclusion of cultural concerns in the environmental area. Federal
agencies are including cultural assessments as part of the environmen-
tal assessment process. The act has served to highlight the national con-
cern to preserve its cultural heritage in the form of the protection of
historic sites and properties.

The major accomplishment has been the publication of a list of pro-
tected sites on the National Register and the provision of funds to
restore and maintain those sites for future generations. Many new proj-
ects in urban areas proposed to be located in a historic district may be
opposed by the community on the grounds of their adverse effects in
terms of character, scale, or style of the historic district.

Wild and Scenic Rivers Act (16 U.S.C. 1271
et seq.)

Basic objective. This act establishes the Wild and Scenic River
System. It protects rivers designated for their wild and scenic values
from activities which may adversely affect those values. It provides for
a mechanism to determine if a river can meet certain eligibility
requirements for protection as a wild and/or scenic river.

Key provisions. In planning for the use and development of water and
land resources, federal agencies must give consideration to potential
wild and scenic river areas. This potential must be discussed in all
river basin and project plans submitted to Congress. No federal
agency is allowed to assist in any way in the construction of a water
resources project having a direct and adverse effect on the values of a
river designated as part of the Wild and Scenic River System.

Likewise, no agency is allowed to recommend authorization or
request appropriations to begin construction of a project on a desig-
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nated river without informing the administering secretary (Secretary
of the U.S. Department of the Interior or Agriculture) in writing, 60
days in advance, and without specifically reporting to Congress on how
construction would conflict with the act and affect values of the river
being protected by the act.

No agency is permitted to recommend authorization of, or request
appropriations to initiate, construction of a project on or directly affect-
ing a river designated for potential addition to the system during the
full 3 fiscal years after the designation, plus 3 more years for congres-
sional consideration, unless the Secretary of the Interior or Agriculture
advises against including the segment in the system in a report that
lies before Congress for 180 in-session days. The comparable time limit
for state-promised additions is 1 year.

Agencies must inform the secretary of any proceedings, studies, or
other activities which would affect a river that is designated as a
potential addition to the system. Agencies having jurisdiction over
lands which include, border upon, or are adjacent to any river within
or under consideration for the system shall protect the river with man-
agement policies and plans for the lands as necessary.

Enforcement responsibilities; federal-state relationship. The Department
of the Interior has ultimate authority for administering the program,
but the states can designate rivers for inclusion in the system. The
Department of Agriculture administers and designates rivers in
national forests.

Accomplishments and impacts. As of July 1996, 160 rivers or river seg-
ments had been designated wild, scenic, or recreational, as part of the
act. The act has attempted to preserve designated rivers and their val-
ues from adverse impacts.

Coastal Zone Management Act (16 U.S.C.
141 et seq.)

Basic objective. The act was passed in response to the public’s concern
for balanced preservation and development activities in coastal areas.
It was designed to help states manage these competing demands and
provided funding to states participating in the federal program.

The legislation emphasized the state leadership in the program, and
allowed states to participate in the federal program by submitting
their own coastal zone management proposals. The purpose of these
state programs, which are federally approved, is to increase protection
of coastal areas while better managing development and government
activities at all levels.

The act established the Office of Coastal Zone Management (OCZM)
in the NOAA. Once the OCZM has approved a state program, federal
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agency activities within a coastal zone must be consistent “to the max-
imum extent practicable” with the program.

Key provisions. Federal agencies must assess whether their activi-
ties will directly affect the coastal zone of a state having an approved
program.

The 1980 amendments included, as part of coastal areas, wetlands,
flood plains, estuaries, beaches, dunes, barrier islands, coral reefs, and
fish and wildlife and their habitats. The act also provides public access
to the coast for recreational purposes.

States are encouraged to prepare special area management plans
addressing such issues as natural resources, coastal-dependent eco-
nomic growth, and protection of life and property in hazardous areas.
Federal grants are available to the states to cover 80 percent of the
costs of administering their federally approved coastal zone manage-
ment programs. They may use 30 percent of their grants to implement
the 1980 amendment provisions.

The states are also encouraged to inventory coastal resources, des-
ignate those of “national significance,” and establish standards to
protect those so designated.

Enforcement responsibilities; federal-state relationships. The act is
administered by the OCZM as part of the NOAA. However, the under-
lying objective of the act is to involve agencies at the state and local lev-
els in the administering process. While the act does not require states to
submit a coastal zone management program for approval, it does pro-
vide two major incentives for states to join the federal program. One
incentive is financial assistance to administer the program, and the oth-
er is that any federal activity in a coastal zone must include the consis-
tency determination process, which involves consultation with the state.

Accomplishments and impacts. Because the consistency determination
is a major factor or incentive in encouraging states to participate in the
coastal zone management program, it is imperative to clearly define
when such a consistency determination is required. The act states that
this determination is necessary when a federal activity will “directly
affect” the coastal zone. Since 1979, the NOAA has been attempting to
define “directly affecting.” The latest attempt, in January 1982, was
withdrawn in May 1982. Thus there is not a clear definition of this term.

The central issue is whether off-coast survey (OCS) activities by the
Department of the Interior are subject to consistency determinations.
The recent extensive off-shore tracts opened for lease by the Secretary
of the Interior serve to highlight the conflict between the federal gov-
ernment and affected states. At the present time, the NOAA is await-
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ing the outcome of litigation involving OCS activities before attempting
a further definition of “directly affecting,” although at the appeals court
level, the court ruled in favor of including a specific lease in the consis-
tency determination process. Thus, the two major incentives for encour-
aging states to participate in the program are currently in jeopardy.

Endangered Species Act (16 U.S.C. 
1531–1542)

Basic objective. The Fish and Wildlife Service of the Department of
the Interior and the National Marine Fisheries Service of the
Department of Commerce share responsibility for administration of
the Endangered Species Act. This act seeks to conserve endangered
and threatened species. It directs the Fish and Wildlife Service to pro-
mulgate a list of endangered and threatened species and designate
critical habitat for those species. Amendments also created the
Endangered Species Committee to grant exemptions to the act.

Federal agencies must carry out programs for the conservation of
listed species and must take actions to ensure that projects they
authorize, fund, or carry out are not likely to jeopardize the existence
of the listed species or result in the destruction or modification of habi-
tat declared to be critical.

The act divides procedures for those projects begun before and after
November 10, 1978. For those not under construction before November
10, 1978, agencies must request the Fish and Wildlife Service to fur-
nish information as to whether any species listed, or proposed to be
listed, are in the area. If such species are present, a biological assess-
ment must be completed by the proponent agency within 180 days.

If the biological assessment or other project information reveals that
a listed species may be affected, the agency must consult with the Fish
and Wildlife Service (or National Marine Fisheries Service). Con-
sultation must be completed by the service within a 90-day period. The
Department of the Interior shall provide the agency with an opinion as
to how the action will affect the species or its critical habitat, and sug-
gest reasonable alternatives. The agency may apply for an exemption
to the act to the Endangered Species Committee.

Key provisions. Of major significance is the promulgation of a list of
species which have been found to be either threatened or endangered
and the protection of species on the list from activities which may
affect their continued protection and survival. Also, the act provides
for the designation of habitat to be protected from activities which may
harm the delicate ecological balance necessary for the existence of a
listed species.
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Federal agencies are required to perform a biological assessment
before undertaking a project to determine the impact of a project on a
listed species or its habitat. If that impact is negative, the agency must
undertake mitigation procedures or the project must be halted. An
important provision of the act is the establishment of an Endangered
Species Committee to grant exemptions from the act.

A federal agency must consult with the Fish and Wildlife Service if
the results of the biological assessment show a listed species may be
affected by a project. The Fish and Wildlife Service will suggest alter-
natives to the agency.

A process is established whereby a species can be determined to 
be threatened or endangered, and thus eligible for the list, or can’t be
removed from the list.

Enforcement responsibilities; federal-state relationship. The Fish and
Wildlife Service of the Department of the Interior has enforcement
responsibilities under the act and must ultimately decide on all biolog-
ical assessments and mitigation procedures. While states can compile
their own lists of species and the degrees of protection required, species
on the federal list are under the jurisdiction and protection of the fed-
eral government, and a violation of the act caries federal penalties.

Accomplishments and impacts. The Endangered Species Act has served
to stop the rapid rate of extinction of many species. Perhaps the great-
est success has been with the bald eagle, which is making a successful
return, largely due to its protection under the act. Perhaps the most
visible of its impacts was the halting of a major water project, the
Tellico Dam, in the 1970s due to its impact on a listed species. The
result of that action and the result of the Supreme Court decision was
the 1978 amendment establishing the Endangered Species Committee,
which can grant exemptions from the act.

For many of the species listed, it is too late to prevent ultimate
extinction, but for others, such as the bald eagle, the grizzly bear, and
the alligator, the act has protected the species and its habitat to allow
for its survival.

Fish and Wildlife Coordination Act (16 U.S.C.
661 et seq.)

Basic objective. This act provides that wildlife conservation be given
equal consideration and be coordinated with other aspects of water
resource development programs. It establishes the need to coordinate
activities of federal, state, and private agencies in the development,
protection, and stocking of wildlife resources and their habitat. Also,
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the act provides procedures for consultation between agencies with the
purpose of preventing loss of and damage to wildlife resources from
any water resource–related project. Any such consultation shall
include the Fish and Wildlife Service, the head of the agency having
administrative control of state wildlife resources, and the agency con-
ducting the project.

Key provisions. The act requires officers of the agency conducting the
project to give full consideration to Fish and Wildlife Service recommen-
dations or recommendations of the state agency. “Full consideration”
includes mitigation measures.

Any report recommending authorization of a new project must con-
tain an estimate of wildlife benefits and losses and the costs and amount
of reimbursement. Adequate provision must be made for the use of 
project lands and water for the conservation, maintenance, and man-
agement of wildlife resources, including their development and
improvement.

Lands to be measured by a state for the conservation of wildlife
must be managed in accordance with a plan which must be jointly
approved by the federal agency exercising primary administrative
responsibility, the Secretary of the Interior, and the administering
state agency.

In addition to this law, the federal government has passed dozens of
other laws pertaining to fish, birds, and other animals. For example,
the Migratory Bird Treaty Act of 1918 (16 U.S.C. 703) and its imple-
menting Executive Order 13186, “Responsibilities of Federal Agencies
to Protect Migratory Birds,” January 11, 2001, provide guidance for
the requirement that federal agencies consider migratory bird habitat
and conservation in agency plans and actions, such as those consid-
ered under NEPA.

Pollution Prevention Act of 1990 (42 U.S.C.
13101 et seq.)

Basic objective. Traditionally, environmental legislation in the United
States has focused on an end-of-pipe-control approach for minimizing
discharge of pollutants to the environment. By using this approach,
considerable progress has been made in reducing the total discharge of
pollutants to the environment. However, this often has resulted in
transferring pollutants from one medium to another and in many 
cases is not cost effective. The basic objective of the Pollution
Prevention Act is to establish a national policy of preventing or reduc-
ing pollution at the source wherever feasible, and it directs the federal
EPA to undertake certain steps in that regard. Prior to this act, RCRA
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Hazardous and Solid Waste Amendments of 1984 had established a
program of waste minimization. This law has many provisions, includ-
ing requiring large-quantity generators to certify on their waste mani-
fests that they have a program in place to minimize the amount and
toxicity of wastes generated to the extent economically feasible.

Key provisions. The Pollution Prevention Act of 1990 established as
national policy the following waste management hierarchy:

1. Prevention. The waste management priority is to prevent or
reduce pollution at the source whenever feasible.

2. Recycling. Where pollution cannot be prevented, it should be recy-
cled in an environmentally safe manner whenever feasible.

3. Treatment. In the absence of feasible prevention and recycling,
pollution should be treated to applicable standards prior to release
or transfers.

4. Disposal. Only as a last resort are wastes to be disposed of safely.

The Pollution Prevention Act further directed the EPA to

1. Establish a prevention office independent of the agency’s single-
medium program offices (the EPA added pollution prevention to the
existing function of Assistant Administrator for Pesticides and
Toxic Substances). Congress appropriated $8 million for each of 
the fiscal years 1991, 1992, and 1993 for the new office to fulfill the
function delineated in the act.

2. Facilitate the adoption by business of source-reduction techniques
by establishing a source-reduction clearinghouse and a state match-
ing grants program. Congress further appropriated $58 million for
each of the fiscal years 1991, 1992, and 1993 for state grants, with
a 50 percent state match requirement.

3. Establish a training program on source-reduction opportunities for
state and federal officials working in all agency program offices.

4. Identify opportunities to use federal procurement to encourage
source reduction.

5. Establish an annual award program to recognize companies that
operate outstanding or innovative source reduction programs.

6. Issue a biennial status report to Congress.

7. Require an annual toxic chemicals source reduction and recycling
report for each owner or operator of a facility already required to file
an annual toxic chemical release form under Section 313 of SARA.
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The EPA is pursuing the integration of  pollution prevention into all
its programs and activities and has developed unique voluntary reduc-
tion programs with the public and private sectors. The EPA 33/50 Pro-
gram, through voluntary enrollment and direct action by industry,
sought to reduce the generation of high-priority wastes from a target
group of 17 toxic chemicals by 50 percent by 1995, with an interim goal
of 33 percent reduction by 1992, as measured against a 1988 baseline.
The 33/50 Program achieved its goal in 1994.

The executive branch of the federal government has sought to apply
pollution prevention requirements broadly throughout the govern-
ment. Under Executive Order 13148, “Greening the Government
Through Leadership in Environmental Management,” April 21, 2000,
federal agencies became responsible for integrating environmental
accountability and more stringent pollution prevention considerations
into their day-to-day decisions and long-term planning. The executive
order is administered by the EPA, with certain responsibilities dele-
gated to the CEQ.

Enforcement responsibilities; federal-state relationship. The EPA con-
ducts a yearly audit of major users of toxic substances and producers
of toxic wastes.

“The purpose of the audits is to determine:

1. whether there are better and less environmentally damaging ways
to complete the task without use of toxic substances,

2. whether there are ways to minimize the production of toxic wastes,

3. whether there are ways to recycle the toxic substances,

4. and who is regulated” (Trudeau and Olexa, 1994).

Again, the federal government’s statutes take precedence over state
statutes. The act also pledges federal assistance to states (up to 50 per-
cent) with pollution prevention programs under the act.

Accomplishments and impacts. “The primary purpose of the Pollution
Prevention Act is to discourage the disposal of recyclable toxic sub-
stances” (Trudeau and Olexa, 1994). The act focuses on industry, gov-
ernment, and public attention on reducing the amount of pollution
through cost-effective changes in production, operation, and raw
materials use (EPA, 1997). “Opportunities for source reduction are
often not realized because of existing regulations, and the industrial
resources required for compliance, focus on treatment and disposal.
Source reduction is fundamentally different and more desirable than
waste management or pollution control” (EPA, 1997).
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“Pollution prevention also includes other practices that increase effi-
ciency in the use of energy, water or other natural resources, and protect
our resource base through conservation. Practices include recycling,
source reduction, and sustainable agriculture” (EPA, 1997).

2.5 Trends in Environmental Legislation
and Regulations

The 1970s were a decade of extensive new federal legislation covering all
spheres of environmental concerns. In the 1980s, emphasis was directed
toward refining existing legislation and fine-tuning current regulatory
and enforcement policies. During the 1990s, emphasis shifted toward
balancing economic and environmental costs and toward pollution pre-
vention. In the initial decades of the twenty-first century, the pace of new
environmental legislation seems certain to slow considerably, barring a
significant crisis or disaster that might spark new legislative initiatives.

New legislation

Concern for protecting the quality of groundwater resources, casually
expressed in the Clean Water Act and more forcibly articulated by
RCRA, is likely to be the focus of new environmental legislation in the
near future. These resources supply all or a part of the drinking water
for about one-half of our population. Furthermore, we are accustomed to
withdrawing water from the ground and using it without extensive
treatment, except perhaps for softening. Recently, it has become widely
known that groundwater supplies are extremely vulnerable to perma-
nent damage due to seepage from chemical waste disposal sites and 
other forms of contamination. Often pollutants are persistent trace
organics that defy treatment with conventional technology at affordable
costs. Experience and expertise developed in response to RCRA ground-
water requirements will have to be expanded greatly to provide the
degree of protection and capability for corrective action that is likely to
be called for.

Another major initiative stemming from concern for the disposal of
hazardous wastes will revolve around limitations on land disposal 
of such wastes. States have begun the processes that will likely ban
disposal of certain kinds of wastes that can be shown to be able to be
treated and handled by alternative methods. Federal initiatives in the
form of an amendment to RCRA are likely to establish national limi-
tations on land disposal of certain kinds of waste.

Another high-profile environmental issue is the protection of wetlands
in the near term and possible restoration and creation of wetlands in the
future. Key issues for forthcoming legislation will be changes in Section
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404 of the Clean Water Act, designation of a single, lead federal agency,
and delegation procedures for states with approved plans to have prima-
ry responsibility for planning and permitting wetland protection. For the
most part, protection refers to actions to prevent destruction of wetlands.
Unless human-made for wastewater treatment, wetlands in the United
States are protected from pollution damage by the Clean Water Act.

In other areas, legislation and regulations will continue to evolve to
address issues related to air pollution, such as global warming, ozone
depletion, acid rain, and indoor air quality. Water supply and water
pollution issues that will become important in the future include non-
point (and stormwater) controls and effective use of water resources
management practices (i.e., allocations for withdrawal and for waste
assimilation). Medical and infectious wastes are newer public issues in
the management of solid and hazardous wastes.

Nuclear waste management, always a controversial and emotional
issue, is likely to create major environmental and economic problems
for society. Regulations for effective nuclear waste management are
likely to be made more stringent.

Balancing federal and nonfederal roles

The legislation of the 1970s and the implementing regulations were
structured largely on the basis of a dominant federal role in environ-
mental protection. This balance shifted in the 1980s as part of an over-
all change in federal government policy transferring much of the
regulatory enforcement responsibilities to the states.

For a number of years, popular rhetoric of state and local agencies
expressed a desire for more say in environmental affairs. Along with
reduced federal direction, fewer federal dollars are being earmarked
for the federal share in implementing environmental protection pro-
grams. In fact, it is the desire to lower federal expenditures that is dri-
ving a decreasing federal involvement in environmental programs and
not a basic philosophical shift in how government affairs can best be
conducted on behalf of the populace.

Reduced federal financial support, however, is not part of the pack-
age previously espoused by state and local politicians. Several states
have voiced objections to having to assume the burden of administra-
tion and enforcement of certain environmental programs if federal
financial support drops below a certain threshold level.

Balancing economic and environmental
costs

The common theme of the environmental movement is that good envi-
ronmental quality is good for the economy in the long run. The short-run
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economic dislocation problems with this philosophy were largely ignored
in the 1970s. Corporations and municipalities were expected to pay
whatever was needed to correct past environmental problems and to
provide future environmental protection, no matter what the price.
Federal laws and regulations established ambitious compliance sched-
ules, which were occasionally relaxed, but which for the most part com-
mitted industry and public to considerable expenditures.

Opposition to spending what it takes was often stated ineffectively,
mostly because the arguments advanced tended to overstate the prob-
lem. Too often, decisions to close companies or shut down plants were
attributed solely to the cost of environmental regulations. No doubt
these were important factors and may have been the sole factor in
some instances, but not to the extent that was claimed.

The national priority now is continuous improvement and strength-
ening of the economy in harmony with the environment and a trend
toward cost-effective regulations. There is, and will be, a requirement
on regulators and enforcers to collect facts before imposing major and
costly requirements. The philosophy of the 1970s was that all potential
problems imaginable had to be prevented. Now, it is recognized that the
possibilities that could be safeguarded against are too numerous for
this approach to be affordable. Another manifestation of the recognition
that priority must be given to the economy will be reduced paperwork
requirements for the industry.

In summary, the trends toward environmental regulations and envi-
ronmental protection can be stated as follows:

1. Adjustments in the federal and nonfederal roles are likely to
increase state participation in the enforcement and administration
of environmental regulations.

2. Balancing of economic and environmental goals is likely to take
the form of moderation in achieving some environmental goals
that adversely affect economic activities.

3. Public support for environmental protection and related life-support
systems is expected to continue, especially in the industrialized
countries.

4. In the United States, midcourse correction to major environmen-
tal legislation is expected to be made by the legislative bodies. This
midcourse correction will be based upon benefits (environmental
protection and enhancement) and costs associated with environ-
mental requirements.

5. To the extent possible, regulations will move away from the com-
mand-and-control type of approach presently used in most cases
because in a free-market economy, these regulations are inefficient
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and do not preserve elements of voluntary choice. To the extent
technologically practical, future regulatory approaches will focus
on the use of economic incentives, such as marketable discharge
licenses or permits and effluent charges.

6. With increasing experience in the pollution control technology
areas, regulatory controls will move away from the “hothouse”
types of control technologies that deteriorate rather quickly and
end up contributing large amounts of pollutants and incurring high
operation and maintenance costs during the life cycle of the control
devices. Instead, more practical emission standards, with built-in
economic incentives, will be established so that cost-effective pollu-
tion control technology that provides overall lower pollutants dur-
ing the life cycle of the equipment could be used.

7. More emphasis will be placed on new concepts such as pollution
prevention, industrial ecology, and sustainable development.

8. Many problems of the global commons, such as acid rain, global
warming, deforestation, and biodiversity, will become issues of
international concern.

9. Industrialization in developing countries and continued popula-
tion increases will further adversely affect environmental quality,
especially in developing countries.

10. Concern for the environment and support for environmental pro-
tection and sustainable development internationally, including
among developing countries, will increase.

11. International agreements to protect the global commons and to
address issues such as global warming will face significant diffi-
culties. Factors contributing to this will be the disproportionate
economic burden borne by industrialized countries as compared to
developing countries, disparity of political and economic power
among countries involved, and the historical parochial nature of
some political leaders in industrialized countries.

12. Vigorous public support for incorporating environmental concerns
into decision-making process, as embodied in the provisions of leg-
islation such as NEPA, is expected to continue.

2.6 Discussion and Study Questions

1 One interpretation of trends in environmental legislation has been pre-
sented above. What are other ways in which this sequence of laws and regu-
lations could be interpreted? Provide some evidence for this alternative point
of view.
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2 Discuss whether the changing relationships between the federal govern-
ment and the states, especially in enforcement, may properly be referred to as
a trend. Is the direction of movement consistent? Where does your state fit in
this relationship?

3 What problems do you see with U.S. environmental laws and regulations?
Many contend that the United States is overburdened with laws and regula-
tions, and point to the environmental arena as an example. Are such laws and
regulations really necessary? What are the consequences of reducing them? Of
increasing them?

4 What is the net effect of pollution control regulations with respect to
employment? Are more jobs lost than are gained? How is the economy affected
on balance? How does one factor in the effects of intangibles such as cleaner air
and water?

5 Do environmental regulations result in U.S. companies relocating to foreign
countries? What are these companies’ environmental responsibilities if they do
choose to relocate?

6 Review relevant environmental laws and regulations for other countries
and compare them with U.S. requirements in an area which interests you.
How do they differ? In what ways are they similar?

7 Obtain copies of your state’s environmental code. How do the rules com-
pare with the corresponding federal regulations? Are they more or less strin-
gent? Is there a relationship between these laws and the economic activity
within your state?

8 Which agencies in your state administer environmental regulations? Can
you develop a comprehensive list? Consider such areas as air and water qual-
ity, solid and hazardous waste, and noise. What about administration of
resources such as parks, public lands, wildlife, soil conservation, and similar
topics? Are the administrators appointed or elected? Are there oversight
boards? Are there questions of conflict of interest? What suggestions have been
made for improvement of their operation?

2.7 Further Readings

Corbitt, Robert A. Standard Handbook of Environmental Engineering. New York:
McGraw-Hill, 1999.

Environmental Statutes—Annual Edition. Rockville, Md.: Government Institutes, Inc.
EPA, 1997. From EPA web page; maintained by Jeff Kelley, Office of Public Affairs.
EPA, 1999. 33/55 Program: the final record, March 1999. EPA-745-R-99-004.

Washington, D.C.: Environmental Protection Agency, Office of Pollution Prevention
and Toxics.

King, Thomas F. Cultural Resource Laws and Practice: An Introductory Guide. Walnut
Creek, Calif.: AltaMira Press, Rowman and Littlefield Publishers, Inc., 1998.
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61

National
Environmental

Policy Act

On January 1, 1970, the President of the United States signed the
National Environmental Policy Act (NEPA), PL 91-190, into law
(NEPA, 1969). The enactment of this legislation established a
national policy of encouraging productive and enjoyable harmony
between us and our environment. The full text of this act is in
Appendix A. The symbolism of the timing of this law did not go
unnoted by the President and other concerned Americans, who her-
alded the 1970s as a decade of environmental concern. Enactment of
NEPA and concern regarding the environment and quality of life
among people around the world have generated significant environ-
mental protection legislation and regulations in many industrialized
nations besides the United States. Provisions and policies set forth
in NEPA are being emulated by many states within the United
States and within other nations as well.

The main purposes of this legislation, as set forth in the act, are
“to declare a national policy which will encourage productive and
enjoyable harmony between man and his environment; to promote
efforts which will prevent or eliminate damage to the environment
and biosphere and stimulate the health and welfare of man; to
enrich the understanding of the ecological systems and natural
resources important to the Nation; and to establish a Council on
Environmental Quality.”

Chapter

3
Source: Environmental Assessment
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3.1 Elements of NEPA

There are two titles under this act: Title I, Declaration of National
Environmental Policy, and Title II, Council on Environmental Quality
(CEQ).

Title I

Title I sets forth the national policy on restoration and protection of
environmental quality. The relevant sections under this title are sum-
marized as follows.

Section 101. Requirements of Section 101 are of a substantive nature.
Under this section, the federal government has a continuing responsibil-
ity “consistent with other essential considerations of national policy” to
minimize adverse environmental impact and to preserve and enhance
the environment as a result of implementing federal plans and programs.

Section 102. Section 102 requirements are of a procedural nature.
Under this section, the proponent federal agency is required to make a
full and adequate analysis of all environmental effects of implementing
its programs or actions.

In Section 102(1), Congress directs that policies, regulations, and
public laws shall be interpreted and administered in accordance with
the policies of NEPA; Section 102(2) directs all federal agencies to fol-
low a series of steps to ensure that the goals of the act will be met.

The first requirements are found in Section 102(2)(A), where it is
stipulated that “a systematic and interdisciplinary approach” be used
to ensure the integrated use of social, natural, and environmental
sciences in planning and decision making.

Section 102(2)(B) states that federal agencies shall, in consultation
with CEQ, identify and develop procedures and methods such that
“presently unquantified environmental amenities and values may be
given appropriate consideration in decision making…” along with tra-
ditional economic and technical considerations.

Section 102(2)(C) sets forth the requirements and guidelines for
preparing the environmental impact statement (EIS). This section
requires all federal agencies to include in every recommendation or
report on legislative proposals and other major federal actions signifi-
cantly affecting the quality of the human environment, a detailed
statement by the responsible official covering the following elements.

1. The environmental impact of the proposed actions

2. Any adverse environmental effects which cannot be avoided should
the proposal be implemented
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3. The alternatives to the proposed actions

4. The relationship between local short-term uses of our environment
and the maintenance and enhancement of long-term productivity

5. Any irreversible and irretrievable commitments of resources which
would be involved in the proposed action should it be implemented

Specific EIS format, coordination, instruction, approval, and review
hierarchy are established by each federal agency within the NEPA reg-
ulation promulgated (since 1978) by the President’s Council on
Environmental Quality (40 CFR 1500-1508). Persons preparing an
EIS should first follow the instructions of their organizations, then the
content of the NEPA regulations, and finally, if not explicit elsewhere,
the letter and spirit of the law itself. Chapter 4 provides further infor-
mation regarding the detailed content of an EIS and other environ-
mental documents required by the NEPA regulations.

Section 103. This section requires all federal agencies to review their
regulations and procedures “for the purpose of determining whether
there are any deficiencies or inconsistencies therein which prohibit full
compliance with the purposes and provisions of this Act and shall pro-
pose to the President…such measures as may be necessary to bring
their authority and policies into conformity with…this Act.”

Title II

Title II establishes the President’s Council on Environmental Quality
(CEQ) as an environmental advisory body for the Executive Office of
the President. In addition, the President is required to submit to the
Congress an annual “Environmental Quality Report.” This yearly
summary sets forth (1) the status and condition of the major natural,
human-made, or altered environmental classes of the nation, (2) cur-
rent and foreseeable trends in the quality, management, and utiliza-
tion of such environments and socioeconomic impacts of these trends,
(3) the adequacy of available natural resources, (4) a review of govern-
mental and nongovernmental activities on the environmental and nat-
ural resources, and (5) a program for remedying the deficiencies and
recommending appropriate legislation.

3.2 Judicial Review

Initially, the court cases resulting from NEPA dealt primarily with
procedural requirements of the act. Most of these basic procedural
questions were settled early. Litigation in 1972 and 1973 dealt with
the content of statements and, more recently, with the substantive
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requirements of NEPA and the agency decisions made after statements
are completed.

In one case (Sierra Club v. Froehlke, February 1973), a Federal
District Court enjoined the U.S. Army Corps of Engineers from pro-
ceeding with the Wallisville Dam Project because of the inadequacy of
the EIS content (Environmental Quality, 1973). The court concluded
that (1) the statement did not adequately disclose its relationship to
the much larger project (Trinity River Project), (2) the statement
lacked the requisite detail to satisfy the act’s full disclosure require-
ment, (3) alternatives to the project were inadequately considered, and
(4) there was no indication that genuine efforts had been made to mit-
igate any of the major impacts on the environment.

In a more recent example (City of Carmel-By-The-Sea v. U.S. DOT,
1996), the U.S. Court of Appeals for the 9th Circuit reviewed a plan to
expand California Highway 1 and found the EIS inadequate for sev-
eral reasons. First, the EIS relied on wetlands studies that were 
several years old. The court stated that “reliance on stale scientific evi-
dence is sufficient to require re-examination of an EIS.” Moreover, the
EIS did not sufficiently address the potential cumulative impacts asso-
ciated with the project, nor did it adequately consider all relevant
alternatives (Findlay and Farber, 1999).

In addition, several cases have confirmed the role of the judicial
branch of the U.S. government in reviewing the substance of the
agency decisions. Affirmation of this judicial role came in the Gillham
Dam case, in which the Court of Appeals concluded that there is a judi-
cial responsibility to make sure that an agency has not acted “arbi-
trarily and capriciously” in making decisions affected by NEPA
(Environmental Quality, 1973).

One case involving a program or a comprehensive EIS was Swain v.
Brinegar. In this case, the U.S. Court of Appeals for the 7th Circuit
rejected the Federal Highway Administration’s plan to prepare an EIS
for a 15-mile segment of a 42-mile highway project in Illinois and reaf-
firmed the necessity to prepare a program EIS, since the individual
action (the 15-mile segment) was an integral part of the 42-mile proj-
ect (Environmental Quality, 1977). Completion of the first segment of
the project would, for all practical purposes, foreclose later project
alternatives. The court cited the long-standing NEPA goal of eliminat-
ing potentially disastrous errors that may result when the cumulative
impacts of individual parts of a major program are ignored. However,
if a particular action is substantially independent of other actions to
be included in a comprehensive EIS, interim activity may begin on the
single action if an adequate EIS is prepared for it, if a decision on 
the interim action would not prejudice the outcome of the larger pro-
grammatic review, and if the effects of the interim action are analyzed
cumulatively in the final comprehensive EIS.
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It is important to note that courts usually give great deference to
agency expertise and do not set aside agency decisions unless there are
significant procedural or substantive reasons. In other words, in
appropriate cases, courts reserve judicial authority to review agency
decisions in light of NEPA’s substantive goals, along with any defi-
ciencies which may be present in the agency’s compliance with proce-
dural requirements (Environmental Quality, 1978).

The clearest decision on the subject of a substantive requirement
came in the case of Burger v. County of Mendocino (California) (Environ-
mental Quality, 1977). In this case, a developer had applied for a per-
mit to build a motel complex in an environmentally fragile forest. An
EIS concluded that of seven possible alternatives, the applicant’s was
the worst environmentally; however, a local agency approved the
application as submitted. The California State Court of Appeals
reversed the decision, because sufficient evidence was not provided in
the EIS to make the case for overriding environmental impacts if the
project were to be approved. The court held that the agency had ille-
gally approved the project. This case clearly involved review of a deci-
sion based upon substantive requirements of NEPA, not simply the
procedural aspects of an EIS.

The substantive requirements of NEPA and the extent to which
courts can require agencies to consider them are discussed in
Environmental Law, by Professor William H. Rodgers of Georgetown
Law School (Rodgers, 1977). In this document, it is pointed out that
Section 101 of NEPA contains sufficiently clear substantive standards
to permit meaningful judicial review. Professor Rodgers points out
that the NEPA requirement “to use all practicable means” to carry out
environmental policies is consistent with traditional court decisions on
the “nuisance doctrine.” This doctrine measures the actions of people
accused of creating nuisances against a standard which considers the
extent and degree to which best efforts were made to mitigate the nui-
sance.

Congressional purpose in NEPA was clearly to limit the statute’s
oversight to federal decision making and to leave private decision
making subject to specific regulatory constraints. Because its intent is
to improve governmental decision making by requiring federal agen-
cies to consider the environmental consequences of their actions, the
scope of what constitutes federal action has received substantial judi-
cial review.

According to regulations adopted by the CEQ, a private action may
become a federal action (1) if  the project is funded by a federal agency
or (2) if it involves an activity which legally requires a permit, license, or
other federal approval as a precondition.

In three 1987 cases, the definition of “federal action” has been clari-
fied as being based on the jurisdiction of the federal agency. A case
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brought against the EPA by the Natural Resources Defense Council
tested the authority of the EPA to prohibit the construction of new
plants until any required pollutant discharge permits are obtained. The
court ruled that in the absence of federal funding, and because pollutant
discharge permits are not a legal precondition of construction, the con-
struction itself did not constitute a federal action. Therefore, because
the EPA has jurisdiction only over the issuance of permits, it had no
NEPA authority to prohibit the construction (Ellis, 1988).

Also in 1987, the Army Corps of Engineers proposed to amend the
regulations that required it to produce EISs covering entire private
construction projects when only a portion of the project required a
Corps permit. The CEQ approved this amendment, agreeing that Corps
permit requirements for a small portion of a project did not constitute
sufficient federal involvement to make the entire project a federal
action (Ellis, 1988).

In Ringsted v. Duluth, a Native American tribe purchased a building
to be used as a bingo parlor and transferred it to federal trust as an
addition to its reservation. The city of Duluth purchased adjacent land
to construct a parking ramp serving the parlor and other users. The
Secretary of the Interior produced an EIS which addressed the parlor,
but excluded the parking ramp. The court rejected the complainant’s
contentions that the ramp was part of a federal action or a secondary
effect of the federal action, on the basis that no federal action is
required as a legal precondition to the construction of a parking ramp
(Ellis, 1988).

In Robertson v. Methow Valley Citizen Council, 1989, the Supreme
Court ruled that a worst-case analysis on the possible impacts of air
pollution at a ski resort was not required by NEPA, overturning a pre-
vious appellate court decision. In the same case, the court found that
the Forest Service was not required to formulate and adopt a plan to
mitigate the adverse effects of air pollution on mule deer. The basis for
this decision was the court’s view that consideration of mitigation pos-
sibilities is a procedural requirement of NEPA; NEPA does not sub-
stantively require that a plan be developed and formally adopted
(CEQ, 1990).

The question as to whether NEPA applies outside of the United
States has also been addressed by the courts. In Greenpeace v. Stone
(9th Cir. 1991), plaintiffs argued to enjoin the transport of previously
stockpiled U.S. Army artillery shells filled with nerve gas through
Germany to Johnston Atoll on the grounds that the U.S. Army had not
complied with NEPA (Clark and Canter, 1997). Transport within
Germany was planned and supervised by the German government, and
plans for safety and hazard management were prepared by the German
federal authorities, but they were not made public for security reasons.
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The U.S. Army had previously prepared EISs for both the construction
and the operation of the incinerator on Johnston Atoll (which is U.S.
territory, though not within any state). For this action, an EIS was pre-
pared for the receipt of the new shipment of chemical munitions into
U.S. territory and their placement into storage on Johnston Atoll. An
EA was prepared examining the environmental impact and risk to
human populations of transoceanic transport of the munitions from a
German North Sea port to Johnston Atoll. Army and Department of
Defense (DOD) regulations required that the effects be assessed in a
manner similar to NEPA, but noted that the procedural requirements
of actions totally outside the U.S. did not require that all EIS process-
es be met. Plaintiffs filed suit against the Department of the Army to
prohibit movement of the munitions from Germany to Johnston Atoll,
partly on the grounds that a comprehensive EIS covering all aspects of
the transportation and disposal of the stockpile was required by NEPA.
The court concluded that applying NEPA requirements to the transport
within Germany would infringe upon its jurisdiction. In addition, the
court found that transoceanic transport of the munitions was a neces-
sary consequence of the project and involved the same foreign policy
considerations. (Additional allegations that the effects of an accident at
sea were not considered fully were rejected following review by the
court.) The court interpreted that NEPA “intended to encourage federal
agencies to consider the global impact of domestic actions and may
have intended under certain circumstances for NEPA to apply extrater-
ritorially; [however]…that action should be taken ‘consistent with the
foreign policy of the United States’” (Clark and Canter, 1997).

The 1993 case of Environmental Defense Fund v. Massey (D.C. Cir.
1993) focused on the National Science Foundation’s (NSF) food waste
disposal practices at a research facility in Antarctica. NSF decided to
stop burning food wastes in an open landfill and develop an alterna-
tive method of disposal. During the interim period, NSF resumed
burning in a temporary incinerator until a state-of-the-art incinerator
could be delivered. The Environmental Defense Fund (EDF) objected,
arguing that the proposed incineration might generate toxic pollutants
that could be hazardous to the environment. The EDF filed suit, claim-
ing that the NSF did not adequately consider the environmental
impacts under NEPA. The court noted that NEPA applicability to fed-
eral actions is not limited to actions occurring in the United States and
that the primary purpose of considering extraterritoriality is “to protect
against the unintended clashes between our laws and those of other
nations.” The court found, therefore, that the presumption against
extraterritoriality did not apply in this case (CEQ, 1993).

Additional discussion of the application of NEPA outside the United
States may be found in Chapter 9.
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3.3 Effects of NEPA

Effects of NEPA have been far-reaching. This act, in many instances,
has been instrumental in requiring reassessment of many federal pro-
grams (and programs where federal participation, approval, or license
is involved)—both newly proposed programs and ongoing programs in
various stages of completion and implementation. In the reassessment
process, federal agencies have been required to consider not only the
economic and mission requirements but also both the positive and 
negative environmental impacts.

When the environmental costs, as surfaced because of the require-
ments of NEPA (i.e., documentation of an EIS), are made known to the
decision makers at various official levels and to the public, modifica-
tion or abandonment of the project will be made at the federal agency’s
own initiative; however, in most cases, strong pressure from the pub-
lic, environmental groups, and court actions will be the driving forces.

As a result of court cases and issuance of CEQ regulations, and in
order to comply with the requirements of NEPA, the agencies should

1. Satisfy the act’s full disclosure requirement with adequate detail

2. Adequately consider all reasonable alternatives to the project

3. Make genuine efforts to mitigate any major impacts on the envi-
ronment due to implementation of the project

4. Prepare comprehensive program-level environmental impact state-
ments where there is a clear interdependence of various phases of
the project.

5. Consider substantive requirements of NEPA and properly weigh
environmental matters relative to other considerations

3.4 Implementation of NEPA

It must be noted that NEPA and its implementation have not been
without their critics [as perhaps typified by Paul Ehrlich’s article, enti-
tled “Dodging the Crisis” (Ehrlich, 1970)]. Considerable litigation has
developed concerning compliance with (or, in the view of some, cir-
cumvention of) the provisions of the act. Notable among these was the
Calvert Cliffs case, in which the courts held that compliance with
established environmental standards did not relieve a governmental
agency from the NEPA requirement of considering all environmental
factors when assessing impact. In this case, the Atomic Energy
Commission had sought to exclude water quality considerations from
its assessment of the impact of a nuclear power plant, on the grounds
that a state had certified compliance with water quality standards
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under the relevant federal water pollution control legislation (Calvert
Cliffs, 1971).

Among the frequently voiced concerns about the implementation of
NEPA are

1. Impact statements are not available in time to accompany propos-
als through review procedures.

2. Statements are prepared in “mechanical compliance” with NEPA.

3. Impact statements are biased to meet the needs of predetermined
program plans.

4. Agencies may disregard the conclusions of adverse impact statements.

5. The CEQ lacks authority to enforce the intent of NEPA.

6. Intangible environmental amenities are being ignored.

7. Secondary effects are being ignored.

8. Inadequate opportunity is available for public participation and
reaction.

Perhaps the most severe of these reservations concerning NEPA was
summarized by Roger C. Crampton, who testified that “the agencies
must guard against a natural but unfortunate tendency to let the writ-
ing of impact statements become a form of bureaucratic gamesmanship,
in which the newly acquired expertise is devoted not so much to shap-
ing the project to meet the needs of the environment, as to the shaping
of the impact statement to meet the needs of the agency’s preconceived
program and the threat of judicial review” (Crampton, 1972).

Perhaps the point is best made that an impact statement for a project
should not be used as a justification for a preconceived program, but
rather it should be used as a vehicle for a full disclosure of the potential
environmental impacts involved. Also, it should be used as a tool for
adequately considering the environmental amenities in decision mak-
ing and for allowing participation in the project by other federal and
state agencies and the public, to provide proper consideration of the
environment, along with economic and project objective requirements.

Industry concerns about NEPA are important and should not be
ignored. Some of these concerns are

■ Costs are excessive for the benefits derived.
■ There are already too many government regulations.
■ EIS/EA preparation causes project delays.
■ The paperwork represents wasted effort.
■ Untoward concern for the environment stifles economic development.
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3.5 Council on Environmental Quality

Title II of NEPA created in the Executive Office of the President of
the United States a Council on Environmental Quality (CEQ). This
council is composed of three members, who are appointed by the
President with the advice and consent of the Senate. The President
designates one of the members of the council to serve as chair. In
addition, the council employs environmental lawyers, professional
scientists, and other employees to carry out its functions as required
under NEPA. Duties and functions of CEQ may be summarized as
follows (NEPA, 1969):

1. Assist and advise the President in the preparation of the
Environmental Quality Report as required by NEPA.

2. Gather, analyze, and interpret, on a timely basis, information con-
cerning the conditions and trends in the quality of the environment,
both current and prospective.

3. Review and appraise the various programs and activities of the fed-
eral government in light of the policy of environmental protection
and enhancement, as set forth under Title I of NEPA.

4. Develop and recommend to the President national policies to foster
and promote improvement of environmental quality to meet many
goals of the nation.

5. Conduct research and investigations related to ecological systems
and environmental quality.

6. Accumulate necessary data and other information for a continuing
analysis of changes in the national environment and interpretation
of the underlying causes.

7. Report at least once a year to the President on the state and condi-
tion of the environment.

8. Conduct such studies and furnish such reports and recommenda-
tions as the President may request.

A significant feature to note is that both the charter assigned and
the responsibilities delegated to the CEQ are quite extensive. The
CEQ has proven to be highly influential in its advisory capacity,
although it does not have any regulatory or policing responsibilities.

3.6 Executive Orders and Agency Response

To further enhance and explain NEPA and other environmental legis-
lation, several executive orders have been issued by Presidents, and the
federal agencies have responded with appropriate guidelines and direc-
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tives. As an illustration, brief descriptions of some of the executive
orders and agency responses follow.

Executive Order 11602, “Providing for Administration of the Clean Air Act
with Respect to Federal Contracts, Grants, or Loans,” June 30, 1971. This
order sets the policy with respect to federal contracts, grants, or loans
for the procurement of goods, materials, or services as being under-
taken in such a manner that will result in effective enforcement of the
Clean Air Act Amendments of 1970.

Executive Order 11514, “Protection and Enhancement of Environmental
Quality,” March 5, 1970, as amended by EO 11991, May 24, 1977. The feder-
al government shall provide the leadership in protecting and enhanc-
ing the quality of the nation’s environment to sustain and enrich
human life. Federal agencies shall initiate measures needed to direct
their policies, plans, and programs so as to meet national environ-
mental goals. The Council on Environmental Quality, through the
chairperson, shall advise and assist the President in leading this
national effort.

Also, the heads of federal agencies are required to monitor, evaluate,
and control, on a continuing basis, their agencies’ activities so as to
protect and enhance the quality of the environment.

The May 1977 amendment required the CEQ to issue regulations for
implementation of procedural provisions of NEPA. These regulations
are designed to make the environmental impact statement process
more useful to decision makers and the public and to reduce paper-
work and unnecessary delays. It is this amendment which provided
the authority under which the CEQ researched the need for clear reg-
ulations, and finally issued the NEPA regulations in November 1978.
(See Chapter 4.)

Executive Order 11990, “Protection of Wetlands,” May 24, 1977. States
that each agency shall provide leadership and shall take action to min-
imize the destruction, loss, or degradation of wetlands, and to preserve
and enhance the natural and beneficial values of wetlands in carrying
out the agency’s responsibilities.…It further states that agencies
should avoid undertaking or providing assistance for new construction
located in wetlands unless there is no practicable alternative to the
project, and that, when such a project is necessary, all reasonable mea-
sures to minimize environmental damage should be implemented.

Executive Order 12088, “Federal Compliance with Pollution Control
Standards,” October 13, 1977. Directs that the head of each executive
agency “…is responsible for ensuring that all necessary actions are
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taken for the prevention, control, and abatement of environmental pol-
lution with respect to Federal facilities and activities under the control
of the agency”; “…is responsible for compliance with applicable pollu-
tion control standards…”; and “…shall submit…an annual plan for the
control of environmental pollution.”

Executive Order 12114, “Environmental Effects Abroad of Major Federal
Actions,” January 9, 1979. Directs federal government agencies to
assess the consequences of actions which take place outside U.S. juris-
diction. NEPA itself does not clearly address the issue, and the CEQ
regulations address only the consequences across borders of an action
taking place within the United States. That the order exists at all rep-
resents a compromise between those executive agencies with overseas
activities and the CEQ. In general, domestic law does not apply out-
side the United States without clear wording from Congress to the con-
trary. The usual principle is that the United States should not infringe
upon the sovereignty of other nations, and the separation of powers
doctrine normally requires that domestic law not limit the President’s
conduct of foreign affairs. It is acknowledged, however, that many
overseas programs, such as military bases, pipelines, and water devel-
opment projects, have the potential to result in environmental prob-
lems in the host country, just as they would if performed inside the
United States. This order provides for the preparation of environmen-
tal documentation, either with or without the active participation of
the host country, to cover such projects. It also provides for examina-
tion of activities taking place in the “global commons” (i.e., not within
any nation’s territory). The high seas, outer space, and Antarctica may
be examples of the global commons.

Executive Order 12898, “Federal Actions to Address Environmental Justice
in Minority Populations and Low-Income Populations,” February 11, 1994.
Directs that each Federal agency make achieving environmental jus-
tice part of its mission by identifying and addressing areas of dispro-
portionately high adverse human health or environmental effects on
minority and low-income populations within its programs and poli-
cies. It further states that “each Federal agency shall conduct its pro-
grams, policies, and activities…in a manner that ensures that such
programs, policies, and activities do not have the effect of excluding
persons from participation in, denying persons the benefits of, or sub-
jecting persons to discrimination under, such programs, policies, and
activities because of their race, color, or national origin.” Human
health and environmental research and analysis “shall include
diverse segments of the populations in epidemiological and clinical
studies, including segments at high risk from environmental hazards,
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such as minority populations, low-income populations, and workers
who may be exposed to substantial environmental hazards.”

Executive Order 13148, “Greening the Environment Through Leadership in
Environmental Management,” April 21, 2000. States that the head of each
federal agency is responsible for ensuring that all necessary actions are
taken to integrate environmental accountability into agency day-to-day
decision making and long-term planning processes, across all agency
missions, activities, and functions. Consequently, environmental man-
agement considerations must be a fundamental and integral component
of federal government policies, operations, planning, and management.
The head of each federal agency is responsible for meeting the goals and
requirements of this order. These goals include environmental manage-
ment, environmental compliance, right-to-know and pollution preven-
tion, toxic chemical release reduction, toxic chemicals and hazardous
substances use reduction, reductions in ozone-depleting substances, and
environmentally and economically beneficial landscaping.

Agency responses

Nearly all federal agencies have issued directives, guidelines, circulars,
and other appropriate documents in response to executive orders and
NEPA. Because of the changing nature of these documents, it would be
infeasible to include extensive information about them. It is suggested
that the current appropriate agency information be consulted prior to
embarking upon an environmental impact analysis.

3.7 State Environmental Policy Acts

Because of the concern for environmental protection and enhancement,
NEPA was enacted by Congress and signed into law by the President
on January 1, 1970. NEPA applied directly only to the activities and
programs of the federal agencies and to those activities and programs
supported by federal funds and/or federally issued permits and licenses.
Many states felt that, in many instances, the problems and concerns at
the state level were different from those at the federal level and that
they varied from one state to another. Since many state-supported pro-
jects were not covered by the requirements of NEPA, some of the states
enacted their own state environmental policy acts or guidelines, some-
times referred to as State Environmental Policy Acts (SEPAs) or “little
NEPAs.”

NEPA was drafted with at least some expectation that it would serve
as a model for similar programs at the state level. Sixteen states, the
District of Columbia, and Puerto Rico have adopted NEPA-like systems
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requiring environmental assessment. Eighteen states and the District
of Columbia have limited environmental review requirements estab-
lished by statute, executive order, or other administrative directives
(CEQ, 1992). The legal basis, administration, and requirements of the
state systems vary; California, New York, and Washington are exam-
ples of systems with comprehensive legislation and judicial enforce-
ment, while others are more restricted in scope (CEQ, 1990).

Although most state systems were initiated in the 1970s, there is
significant recent interest in state NEPA programs. Montana and New
York have held conferences on the EA process, Washington and 
New Jersey have revised their regulations, and state environmental
quality agencies are being considered by Michigan and Maine. Several
cities have also adopted environmental assessment procedures. The
New York City program was established as part of its responsibilities
under the state’s Environmental Quality Act.

Since state environmental policy acts are patterned after NEPA, dis-
cussion and procedures presented in this text can be used to address
impact analysis requirements set forth by the states. We note, how-
ever, that many state acts require preparation of NEPA-like docu-
ments by private applicants for a state-granted permit. This differs
somewhat from the general federal practice of agency preparation of
the documentation.

3.8 NEPA and Agency Planning

NEPA is at heart a planning tool. The law requires federal agencies to
consider environmental consequences along with other types of issues
(such as financial, political, social, or technical) when making deci-
sions, and evaluate alternative courses of action. Although NEPA does
not dictate an environmentally benign outcome from federal decisions,
as a matter of national policy the law asks that agencies act as stew-
ards of the environment and try to protect it from harm. NEPA
requires that if a proposed action is expected to cause adverse conse-
quences, the agency must fully disclose these adverse consequences
and must identify mitigation actions and put these into place over time
to ameliorate the adverse consequences of federal action. A federal
agency must review its proposed projects to establish NEPA compli-
ance. Such a “NEPA review” may result in any one of several types of
documents, such as an EA or EIS. In order to most effectively do this,
the agency must plan ahead.

The CEQ regulations address the relationship between NEPA and
agency planning (see 40 CFR 1501). The regulations emphasize that
integration of NEPA early in the agency planning process will be the
most effective way to avoid conflicts and delays in seeing a project
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through to completion. Adoption of formal agency plans is one of the
four main types of federal actions that trigger a NEPA review (see 40
CFR 1508.18(b)(2)). NEPA reviews prepared on plans, broad programs,
or closely related proposals are often referred to as “programmatic”
NEPA reviews (see 40 CFR 1502.4). While some federal agencies are
continuing to increase the use of NEPA as an agency strategic plan-
ning tool, this use of NEPA is still growing (CEQ, 1997).

The planning process

Many books and articles have been written on the planning process,
which may be of interest to the NEPA practitioner from both the man-
agement perspective and the physical, or land-use, perspective. (See,
for example, Drucker, 1973; Goodman, 1968; Faludi, 1973; Lynch and
Hack, 1984; McHarg, 1991.) Broadly, the approach to planning often
used is the “rational comprehensive” (or “synoptic”) approach, although
other approaches exist (Hudson, 1979). Synoptic planning has four ele-
ments: (1) establish goals, (2) identify alternatives, (3) evaluate options,
and (4) implement decisions. These elements can be further refined
into a series of cyclic steps, as shown in Fig. 3.1.
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First, the community, agency, executive, or planner must decide
what is “at issue,” in other words, what problem needs to be solved.
For the planner or the executive some care must be given to defining
this question (Drucker, 1973); if the central question, or issue, is not
thoughtfully parsed, the answer, or solution, will be inadequate, inef-
fective, or irrelevant. “The first step—the most difficult and most often
bungled step—is to ask what the problem is” (Lynch and Hack, 1984).

An agency plan is generally developed to answer a specific question:
What course of action would be optimal to address a specific set of
issues? A related question may be why the action is proposed. Is it
required by specific legislation? Is it necessary to correct a violation of
law or regulation? Is it clearly part of the agency mission? Is it in
response to some change in the environment? All these factors will
affect the development of the plan. A good plan is structured to address
how an agency will meet certain goals, or end points. The plan may
outline objectives, which are means (operational actions) to reach the
goals (Drucker, 1973). Sometimes a planner will confuse “goals” and
“objectives,” or combine them into one term of “goals and objectives,”
but the two are quite distinct. For example, in a football game, the goal
would be to win the game, while an objective might be to make a first
down. A strategy is a way to achieve an objective, and consists of imple-
menting a series of actions. There may be many strategies pertaining
to a single objective, and more than one series of actions can be
deployed at the same time. Going back to the football analogy, one
action to achieve a first down might be for the quarterback to throw a
forward pass, while at the same time a teammate might execute a sec-
ond action and block a defensive player. Both of these would be actions
taken by the team to implement the objective (first down) and reach
the ultimate goal (win the game). Goals and objectives may be set 
by the agency, or may be established with input from interested par-
ties, the scientific community, or the public at large.

Once there is consensus on what is to be addressed, the planner,
with input from appropriate parties, can develop options, or alterna-
tive means, to address the goals and objectives that need to be met.
Through the planning process, the options are sifted and examined,
compared and analyzed. The results of this evaluation are presented
to the decision maker, and a course of action is selected. The planning
process does not stop there, however; the executive or agency must
decide how to implement the plan and take the appropriate actions to
put the plan into place. Effective plans are often conceived as “living
documents”; that is, the results of the plan are monitored over time,
and the plan’s effectiveness evaluated.

An agency should not “plan to plan,” but should “plan to do.” A plan
is prepared to give an agency a means to weigh options and address
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uncertainty over time. By developing a plan, and following it, an agency
can ensure that its near-term actions will be lined up toward achieving
a common long-term goal. The agency can avoid taking actions that are
mutually counterproductive and avoid squandering its resources on
unneeded or incompatible actions. For federal agencies, the plan imple-
mentation should give guidance on what NEPA or other environmental
reviews would be required at each step. Plan implementation may
additionally specify what permits or licenses would be needed to carry
out each step. If the NEPA review indicated specific mitigation mea-
sures to ameliorate adverse impacts, these may be appropriately
addressed during the plan implementation.

The last step of the planning cycle is feedback: Did the plan, when
implemented, effectively address or solve the problem that was at
issue? Perhaps the plan missed the mark and needs to be revised or
fine-tuned to better address the planning issue. Even if the plan was
a good one, the conditions leading to the original issue may have
changed over time, leading to the need for planning revisions.

Relationship between NEPA and planning

There are strong parallels between the planning process and the
NEPA review process. Just as a plan addresses a “planning question,”
a NEPA review addresses a decision that must be made. A plan
responds to specific goals and objectives; a NEPA review responds to a
purpose and need for action. A plan sifts through alternative courses
of action to compare options and determine the “best” or optimal
approach; a NEPA review analyzes alternatives to compare the
impacts of different courses of action. A plan may come up with ways
to address or soften adverse consequences; a NEPA review identifies
ways to mitigate adverse impacts from the course of action chosen. A
plan may include a way to conduct plan monitoring, or provide a feed-
back loop; a NEPA review may include provisions to monitor the out-
come of the proposed action.

Like a NEPA review, a plan may benefit from public involvement at
many points of the process. A planner may solicit public input to help
decide what is at issue and to help determine alternatives. This is
analogous to the public scoping process of a NEPA review. A planner
may seek additional information about various options or input on the
analysis or weighing of alternative courses of action. The addition of
public members to the planning team is highly recommended as an
excellent public involvement activity (see Chapter 11). This is analo-
gous to the public review of a draft environmental impact statement.
The planner may put a draft plan out for review and comment, or may
check with interested parties before the decision maker implements a
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plan. This is analogous to public review of a decision or mitigation
commitments following a NEPA review, but prior to taking action.

Types of plans

There are many types of plans. Except for things such as financial plans
(budgets) or personnel management (hiring and dismissing employees),
most federal plans are subject to NEPA reviews. A few examples of var-
ious types of plans follow.

A programmatic plan spells out how an agency will carry out a set
of related, or “programmatic,” actions over time to achieve an overall
objective, or “program.” These types of plans are often broad-scale,
visionary documents. They may define long-term goals and include
objectives as to how the program will respond to national mandates.
They may address specific strategies, such as hiring a skilled work-
force. They may discuss how existing facilities can be used to further
the agency program or if new facilities would need to be built over
time. These programmatic plans generally have a longer planning
horizon, 10 years or more, and are designed as “roadmaps” to carry an
agency into the future. They generally are stand-alone documents, and
provide a path forward to meet a specific goal independently of other
agency goals.

A resource management plan addresses how to manage a given set
of natural, cultural, or economic resources to meet a specific agency or
national goal. This may, for example, address how to improve wildlife
habitat, develop a logging plan to address silvicultural needs, or man-
age archaeological sites to meet specified legal requirements. These
types of plans generally weigh trade-offs among competing resource
uses, and select among options to manage for one set of resource val-
ues, possibly at the expense of other resource uses. These plans are
sometimes seen as “living documents” where the agency agrees to
reconsider the trade-offs among resource management issues at a 
given interval, often 5 or 10 years.

A land use plan may need to be developed to determine future
growth patterns, optimize land use over time, sort out competing or
conflicting uses of federal lands, lay out options for site development
for a new park or building, or plan for new utility or infrastructure cor-
ridors. A land use plan generally covers a large area, such as an entire
military base, a complete national park, a city, a county, or a district or
region. These types of plans are geographic in nature, and generally
result in some type of map or blueprint to lay out physical actions to
be taken over some set time. The period of time considered is often
called the “planning horizon,” and typically may be 5, 10, or 25 years.
As the planning horizon increases, the uncertainly level also increases;
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it is much easier to declare with some certainty what is intended to be
carried out during the next year (planning horizon of 1 year) than to
foresee and second guess what might be needed in two decades (plan-
ning horizon of 20 years).

A facility plan defines a path for managing a specific facility. This
may be a single building (such as a wastewater treatment plant) or a
cluster of buildings and related infrastructure (such as a set of bar-
racks and their related utilities and parking lots). For example, a facil-
ity plan may identify when a building will need a roof replacement,
schedule how utilities will be phased to complement expected growth
patterns, determine how parking structures may be sized, lay out an
emergency evacuation route for employees or residents, or determine
an authorization basis to safely operate machinery or radiological
equipment. A facility plan may have a relatively short planning hori-
zon and a fairly detailed set of strategies. The plan may include rou-
tine maintenance as well as plans for future expansion or additions.

Timing of NEPA review

NEPA and agency planning can come together at three junctures. In
the first case, the agency may develop a plan and then perform NEPA
reviews on the planning options after the plan is finished.
Alternatively, the agency may prepare a NEPA review of a program-
matic set of actions, and then prepare a plan to determine how to
implement the programmatic decisions. Thirdly, the agency may use
the NEPA review process as a basis for developing a plan, including a
consideration of alternative courses of action (the “heart” of the NEPA
analysis), using an interdisciplinary approach to look at a wide range
of environmental facets and involving the public or other interested
parties in the planning process.

A discussion of the pros and cons of these three approaches follows.
Each has its place in the agency planner’s toolbox.

Plan first, NEPA review second. This approach is useful when a plan
itself is not subject to NEPA, but the implementing strategies would
require a NEPA review. At times an agency may wish to develop a
high-level strategy or program to provide long-term or mission-specific
direction, such as a plan to document a national energy policy. Because
this type of plan looks far into the future or does not define specific
actions, it may be premature to pursue a NEPA review until a set 
of actions emerge that are “ripe for decision.” Once a course of direc-
tion is established through the policy or plan, the agency may then
want to pursue NEPA review of the discrete actions that would
emanate from the plan.
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Pros. This approach allows an agency the flexibility to sketch out a
broad plan of action without detailing large suites of “reasonable”
alternatives for analysis in a NEPA review. Often the possible courses
of action are too uncertain or too amorphous early in the planning
process to be able to sustain a meaningful NEPA analysis. Once a plan
is established, the agency can then appropriately focus its attention on
the specific decisions that must be made to carry out the planned
actions. This sharpens the agency focus. The follow-on NEPA reviews
can be staged to allow the agency to sequentially focus on issues that
are “ripe for decision” within the context of the larger course of action
developed through the plan.

Cons. It is easy for an agency to focus its attention on a preferred
course of action too soon, thereby abbreviating or sharply narrowing
the spectrum of “reasonable” alternatives to be considered in the NEPA
review. The agency may come to rely on its plan as if it had made a deci-
sion through the NEPA process, and perform NEPA too late in the
process, after all implementing decisions have been made. Officials
may develop “ego commitment” to one course of action, and feel they
cannot entertain modifications because of the risk of appearing weak or
indecisive within the agency. If the agency has used the planning
process to divide an entire course of action into smaller pieces, it may
be guilty of “segmentation,” which is the inappropriate use of NEPA to
look at one small part of a larger proposal apart from its broader con-
text. If the plan is too broad or too high-level, there may be little sub-
stance to use as the subject of a NEPA review, resulting in a large
number of analysis assumptions that may have little grounding in fact.

NEPA review first, plan second. This approach is useful to determine if
there would be unacceptable environmental impacts from potential
courses of action, and to use this information as a starting point to
develop a plan. The NEPA review would be followed by a plan on how 
to carry out the decisions derived from the NEPA review. For exam-
ple, an agency may use the NEPA process with public involvement to
reach an early decision to select a site or technology for a major new
facility, then develop project-specific plans at only the selected site or
focus only on the selected technology. If needed, the agency may
engage in a site-specific or “tiered” NEPA review of the impacts of con-
structing and operating the facility on the selected site.

Pros. The agency can use the NEPA process to narrow the field so
that it does not have to develop detailed plans for a number of “reason-
able” alternatives. The agency can look at “connected actions” through
the NEPA process without fear of improper “segmentation” of the suite
of actions that need to be taken.
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Cons. The agency will have to develop a reasoned set of analysis
assumptions in order to make an informed choice among NEPA alter-
natives prior to engaging in the planning process. The scope of the pro-
grammatic NEPA review, if too narrow, might inadvertently limit the
scope of the subsequent plan.

Plan developed through a NEPA review. This approach is useful when
the development of the plan and NEPA review of implementing strate-
gies are intertwined. Many federal land managing agencies, such as
the U.S. Forest Service, the National Park Service, or the Bureau of
Land Management, prepare land-use plans or resource management
plans to guide their stewardship of the nation’s forests, parks, and
public lands. Typically, these plans are developed by dovetailing the
planning process with the NEPA review. The agency prepares one doc-
ument, which is jointly a plan and an environmental analysis.

The Bureau of Land Management, for example, follows a planning
process that was established in the 1970s by law and related regula-
tions. The Bureau administers vast acreages of the nation’s public
lands, primarily in 12 western states. The Bureau must balance many
different types of resources under the principles of “multiple use” and
“sustained yield.” These uses include such things as cattle grazing,
wildlife management, oil exploration, mining, recreation, and paleonto-
logical preserves; although often not all of these resource uses take place
on the same tract of land, in some cases they do. The land manager must
decide how to resolve conflicts among different types of land uses on a
given tract of land. For example, if cattle need to use a water source,
wildlife using the same source might be driven away. Lands that are
being used to extract minerals may be unsafe for hikers, or active hard
rock mining operations may conflict with oil and gas exploration.

To assist the agency, in 1976 Congress passed the Federal Land
Policy and Management Act (43 U.S.C. 1701 et seq.). Sometimes called
an “organic act,” the law established many ways to organize the
agency and its processes. Title II of that law specifically provides that
the agency inventory public lands to determine their resource values,
and prepare land use plans to prioritize and allocate resource manage-
ment. Through agency regulations (found at 43 CFR 1600), the plan-
ning process combines the elements required by Title II with the
elements required by NEPA. The resource management plan for a 
given Bureau resource area, which may cover several thousand acres,
is developed in conjunction with the required NEPA review (BLM,
2000). The environmental impact statement analyzes alternative
resource uses and includes a draft plan as a preferred alternative; the
record of decision presents the plan finally decided upon and explains
the trade-offs among competing land and resource uses.
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Similar to the NEPA review process, the Bureau envisions its
planning process as tiered. At the highest level, the agency has a
strategic plan that outlines broad mission goals. At the next tier, the
agency prepares resource management plans to weigh resource uses
within a given area. At the lowest tier, the agency may prepare site-
specific implementation plans to determine how a given activity will
be carried out (BLM, 2000). By using a tiered approach, a Bureau
manager can focus resources and attention on questions that are 
“at issue.”

Pros. The agency can use the NEPA process to add value to its
plans by simultaneously weighing resource value trade-offs while
disclosing environmental impacts of the various options considered.
The agency can streamline its work by completing two types of
reviews at the same time. The planning process can narrow the
scope of the “reasonable” alternatives considered in the NEPA
review and eliminate unnecessary or spurious analyses; at the same
time the NEPA process can provide needed information on the envi-
ronmental impacts of possible approaches and allow the plan to con-
centrate on those that would have lesser environmental impacts.
This approach also allows planners to develop mitigation measures
to offset adverse impacts.

Cons. Combining two similar, but different, types of reviews in
one joint document can be confusing to the agency, the document
preparers, and the general public. The agency planners must be able
to conduct the two similar, but different, processes at the same time.

Conclusion

There are many similarities between NEPA and planning, and the
federal agency planner can use the NEPA process to strengthen and
improve the agency planning process. Similarly, the NEPA practi-
tioner will consider NEPA early in the planning process. Because
both of these processes are flexible, the planner has many avenues
to perform a NEPA review in conjunction with the plan. Sometimes
the type of plan to be developed will dictate or influence the timing
of the related NEPA review. Plan implementation is important to
ensure that the agency objectives are carried out and its long-term
goals are met. The agency must recognize that the plan is not an end
in itself, but, like NEPA, a guide for “excellent action”: “Ultimately,
of course, it is not better documents but better decisions that count.
NEPA’s purpose is not to generate paperwork—even excellent
paperwork—but to foster excellent action” [CEQ Regulations, 40
CFR 1500.1(c)].
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3.9 Discussion and Study Questions

1 Which of the major provisions (sections) of NEPA do you think was
believed at the time to be the most important and far-reaching? Explain why
you are led to this conclusion. Which provision do you feel was actually proven
to be the most important over the next 30 years? Why? If this is not the same
as your answer to the first part, explain why.

2 Discuss the issue of molding the document to fit the needs of the project
versus molding the project to fit the environmental problems found at the site.
Is this a major defect? May public needs be met in either situation? Which
needs or values may be compromised (assuming the EA or EIS is accurate and
truthful in both cases)?

3 NEPA is directed toward federal actions and agencies. Should it also be
directed to industries and other nonfederal agencies and individuals? If not,
why not?

4 What is specifically required to be included in an EIS, according to
Section 102(2)(c) of NEPA? What additions, deletions, or modifications to
these requirements would you suggest to make the purpose of the act more
easily attainable?

5 Since NEPA does not transfer to the CEQ authority for directing or over-
ruling agency decisions, how does the act purport to improve decision making?
Is this effective (i.e., is NEPA “working”)?

6 How are the members of the CEQ selected? Who are the current members
and what are their qualifications to serve?

7 Obtain copies of CEQ annual reports. After reviewing them in light of
NEPA requirements, do these documents meet your expectations?

8 Does your state have a SEPA that requires impact statements on state-
funded or private projects? If it does, compare/contrast it and its requirements
with NEPA. If not, discuss the pros and cons of initiating one. Examine, espe-
cially, who is required to prepare an EIS (or equivalent document), who
reviews it, and who approves it.

9 Why are some types of plans subject to NEPA while others are not?

10 How does the “purpose and need” section of an environmental impact
statement compare to the “goals and objectives” section of a programmatic
plan?

11 When is NEPA an effective planning tool? When might the planning
process benefit from the NEPA process?

12 How does public participation aid the planning process? Is this the same as,
or different from, public participation in the NEPA process?
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13 Some federal agencies conduct a NEPA review on planning actions, when not
otherwise required, “to further the purposes of NEPA.” An example would be the
sitewide environmental impact statements or assessments prepared by the
Department of Energy to address cumulative impacts on its large, multifunc-
tional sites. Why would this be advantageous to the agency? What are the pit-
falls?
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85

Environmental Documents and
CEQ Regulations

The President’s Council on Environmental Quality (CEQ) issued a set
of regulations in 1978 to direct federal agencies how to comply with the
National Environmental Policy Act (NEPA)—these regulations are
found at 40 CFR 1500 to 1508. The regulations address both the sub-
stantive requirements of NEPA—the “what”—and the procedural
requirements—the “how.” In addition to describing the analytic
process and documentation requirements, the CEQ regulations
brought many new terms into the vocabulary and identified many
then-new documents. The text of the CEQ regulations is included in
full in Appendix D. Included in Chapter 4 are a discussion of the evo-
lution of the NEPA regulations, a description of the various environ-
mental documents required by the CEQ regulations and related terms,
a detailed discussion of the content of an environmental impact state-
ment (EIS), and other related information. The discussion in this
chapter focuses mainly upon NEPA, the CEQ regulations, the EIS
process, and related procedural requirements. Many states and local
governments, as well as many other countries, have enacted environ-
mental policy requirements that parallel the federal process; therefore
the guidance presented in this chapter is relevant to many of these
procedures as well.

4.1 Function and Purpose of the NEPA
Assessment Process

The environmental analysis process serves to meet the primary goal 
of Congress in enacting NEPA—to establish a national policy in favor
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of protecting and restoring the environment. The EIS process was
included in NEPA to achieve a unified response from all federal agen-
cies to the policy directives contained within the act. Section 102 (2) (c)
of NEPA, which requires that an EIS be prepared for major federal
action, was intended as an “action forcing device” to ensure that fed-
eral agencies meet their obligations under NEPA.

The primary purpose for preparing an EIS is to make known the envi-
ronmental consequences of a proposed action. This alerts the agency
decision maker, other agencies, states, American Indian tribes, the pub-
lic, and ultimately Congress and the President to the environmental
risks involved. An important and intended consequence of this disclo-
sure is to build into the agency’s decision-making process a continuing
consciousness of environmental considerations.

Environmental impact assessment should be undertaken for rea-
sons other than to simply conform to the procedural requirements of
the law. According to the letter of the law, environmental impact must
be assessed for federal activities with significant impact. However, the
spirit of the law is founded on the premise that to use resources in an
environmentally compatible way and to protect and enhance the envi-
ronment, it is necessary to know how activities will affect the environ-
ment and to consider these effects early enough so that changes in
plans can be made if the potential impacts warrant them.

In standard cost-benefit analysis and program evaluation, the intan-
gible impacts on the environment cannot be taken into account. The
impact assessment process provides the basis for operating within the
spirit of the law by encouraging recognition of impacts early in the
planning process and by providing an inventory of potential environ-
mental effects of human activities.

The planning process inevitably involves projecting activities into
the future to determine how well the projected activities conform to
anticipated alternative functions. The methods for dealing with short-
term exigencies and complexities can be identified only with reference
to the long-term plan.

Environmental impact analysis fits into the long-term planning
process because it provides the vehicle for identifying the potential
effects of activities on the environment. While immediate knowledge of
these effects is important, the long-term aspects of impact are proba-
bly more important, because only on a longer time horizon can ade-
quate, effective, and low-cost alternatives to reduce the impact be
identified.

If, for example, the potential for an adverse impact of an activity or
program planned for 5 years in the future was identified, adequate
time to consider significant mitigation alternatives (including stopping
the program) would exist. This is much preferred to finding out about
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serious impacts only after an activity is half completed and (potentially)
millions of dollars expended. In the latter case, modifications to reduce
the impact could be very costly, or opposition could force costly delays
in completion or even prevent continuation.

NEPA-related documents provide a vehicle for recording anticipated
impacts of activities so that concerned institutions or individuals will
be aware of possible repercussions of the subject activity. Future proj-
ects can look at the impacts of similar, past projects to gain insight into
potential environmental impact. Historically, few records have been
maintained of the long-term environmental effects of activities.
Frankly, reliable records of the pre-action conditions may never have
existed, and cannot now be located for many pre-1970 projects.

Another valuable use for the inventory of impacts is to identify the
potential cumulative effects of a group or series of activities in an area.
Although a single activity might not be likely to cause serious changes
in the environment, when its effects are added to those of other proj-
ects, the impacts on the environment might be severe. The potential
for cumulative impacts must be identified, and in some cases, this may
be possible only at the intra-agency level. Thus, to account for cumu-
lative impacts, it might be more desirable to assess the environmental
impact at a program level, which covers many projects or activities.

Again, NEPA has the primary goal of incorporating environmental
considerations into the decision-making process. NEPA should not be
used, nor was it intended to be used, simply to stop unwanted projects,
provided the requirements of the act are fulfilled. The prudent course
of action for any agency, however, must be to avoid the possibility that
such obstructionism is able to utilize deficiencies in NEPA documenta-
tion as a tool.

The essence of NEPA is simple: Use a systematic and interdiscipli-
nary approach to evaluate the environmental consequences of the pro-
posed action, include this analysis in environmental documents, give
appropriate consideration to environmental accommodation meeting
the substantive requirements of the act, and incorporate the results
into the decision-making process. If this is done in a complete, honest,
and straightforward manner, and if impacts are disclosed to the pub-
lic, NEPA requirements are satisfied. The project or action ultimately
decided upon may have significant environmental effects; however, if
the probable consequences are known, fully disclosed, and weighed
with other factors related to economic and technical considerations
and agency statutory missions, and all reasonable mitigation mea-
sures are taken, the letter and the spirit of NEPA have been fulfilled.

As discussed earlier, nothing within NEPA requires that every envi-
ronmental problem be totally resolved. NEPA does not require a particu-
lar outcome or that the most environmentally benign course of action be
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pursued. Nor does the act require that consideration for the environment
be the primary factor in the agency decision-making process. What is
required is that the environment be included in the decision process.
Typically, it is only when the environmental assessment procedure is
looked upon as a “paper exercise,” or when the assessment is done in an
incomplete or shortsighted manner, that legal difficulties develop.

It is not unknown, of course, for environmental considerations to be
used as a lever by persons or groups who simply oppose the mission of
the proponent agency, the basic purpose of the proposed action, or the
location proposed for it. As with all differences of opinion, greater polar-
ization leads to a more heightened, more adversarial relationship.
When a dispute reaches the “anything’s fair” stage, it will be difficult to
determine whether or not substantive environmental questions exist,
or whether allegations of incomplete assessment are being used as a
partisan tool. The combination of procedural and substantive require-
ments found within the NEPA regulations and agency NEPA rules do,
however, provide many opportunities for an opponent to identify errors
in process or fact. A court will probably not be sympathetic if an agency
has not followed its own published and approved procedures.

4.2 NEPA Regulations

The CEQ is responsible for overseeing federal efforts to comply with
NEPA. In 1970, the Council issued guidelines for the preparation of
EISs under Executive Order 11514 (1970). Until 1979, the 1973
revised guidelines were in effect, but under Executive Order 11991
(1997), the President directed the CEQ to issue regulations to super-
sede the 1973 guidelines.

Initially proposed in 1977, the CEQ regulations became effective on
July 30, 1979. In the executive order, the President directed that the
regulations should be “... designed to make the environmental impact
statement process more useful to decision makers and the public and
to reduce paperwork and the accumulation of extraneous background
data, in order to emphasize the need to focus on real environmental
issues and alternatives.”

The new regulations were developed to achieve three principal
goals: reduction of paperwork, reduction of delays, and, most impor-
tant, production of better decisions which further our national policy
to protect and enhance the quality of the human environment.

The executive order was based on the President’s constitutional and
statutory authority, including NEPA, the Environmental Quality
Improvement Act, and Section 309 of the Clean Air Act. The President
has a constitutional duty to ensure that the laws are faithfully exe-
cuted, and this authority may be delegated to appropriate officials. In
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signing Executive Order 11991, the President delegated this authority
to the agency created by NEPA—the CEQ.

In accordance with this directive, the Council’s regulations are bind-
ing on all federal agencies, and replaced some 70 different sets of ear-
lier agency regulations. The CEQ regulations provide uniform
standards applicable throughout the federal government for conduct-
ing environmental reviews. The CEQ regulations also provide for
agencies to develop and publish their own internal NEPA regulations,
tailored to the types of actions which the agency needs. The regula-
tions also establish formal guidance from the Council on the require-
ments of NEPA for use by the courts in interpreting this law.

In arriving at these regulations, the CEQ used a vigorous process of
input by diverse groups and conducted many reviews of its draft regula-
tions issued earlier. In all, the Council sought the views of almost 12,000
private organizations, state and local agencies, and private citizens. The
CEQ affirmatively involved critics of NEPA as well as its friends.

There was broad consensus among these diverse witnesses.
Incredible as it might seem, all, without exception, expressed the view
that NEPA benefited the public. As an example, during one hearing, an
official spokesperson for the oil industry said that he adopted in its
entirety the presentation of the president of the Sierra Club—a well-
known conservation organization.

Information from the hearings was organized into a 38-page “NEPA
Hearing Questionnaire” that was sent out to all the witnesses, every
state governor, all federal agencies, and everyone who responded to an
invitation in the Federal Register. More than 300 replies were received.
In addition, meetings were held with every federal agency affected by
the proposed regulations, which had been circulated for comment to all
federal agencies in December 1977. While federal agencies were
reviewing the proposed regulations, the CEQ continued to meet with,
listen to, and brief members of the public, including representatives of
business, labor, state and local governments, environmental groups,
and others.

On June 9, 1978, the CEQ regulations were proposed in a draft form
and the Council announced that the period for public reviews of and
comment on the draft regulations would extend for 2 months, until
August 11, 1978. During this period, the Council received almost 500
more written comments on the draft regulations. Most of these com-
ments contained specific and detailed suggestions for improving them.

The CEQ meticulously responded to these comments on November
29, 1978. A written environmental assessment for these regulations
was prepared by the CEQ. These regulations were effective for actions
proposed after July 30, 1979. NEPA itself continued to apply to actions
started before the signing of the act into law (i.e., January 1, 1970).
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The CEQ regulations are designed to ensure that the action-forcing
procedures of Section 102(2) of NEPA are used by agencies to fulfill the
requirement of the congressionally mandated policy set forth in
Section 101 of the act. Since these regulations are applied uniformly to
all federal agencies, this will minimize misinterpretation, redundancy,
and misapplication. Also, the time required to learn these regulations
and review these documents will be minimized.

4.3 Environmental Documents

Before a federal agency can undertake a new proposed action, the CEQ
regulations require that the agency document its consideration of envi-
ronmental factors and their bearing on the agency decision-making
process. The CEQ regulations recognize the following environmental
documents (40 CFR 1508.10):

1. Environmental assessment (EA)

2. Finding of no significant impact (FONSI)

3. Notice of Intent (NOI) to prepare an EIS

4. Draft EIS (DEIS)

5. Final EIS (FEIS)

6. Record of Decision (ROD)

Individual agencies may require or allow other documents as part of
their NEPA implementing procedures, but these specialized documents
are not included here. This section briefly discusses each of the six
NEPA documents identified above, and the differences among them.

Environmental assessment (EA)

If an agency is not certain whether a proposed action would result in
significant environmental impacts within the meaning of NEPA, it
may prepare an EA (40 CFR 1508.9). An EA provides sufficient infor-
mation to allow the agency to decide whether the impacts of a propos-
al or its alternatives would be expected to be significant, in which case
an environmental impact statement would be prepared, or whether no
significant impact would be expected to occur. An EA can help an
agency meet the purpose of NEPA even when no EIS is required.

Finding of no significant impact (FONSI)

The FONSI briefly presents the reasons why the action considered in
an EA would not have a significant impact on the human environment,
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and the rationale for why an EIS would not be required (40 CFR
1508.13). If an agency cannot reach a FONSI for a proposal, it must
prepare an EIS before proceeding with the action.

Notice of Intent (NOI)

This document is a formal notice published in the Federal Register
that informs the public and other agencies that an EIS will be pre-
pared and considered in agency decision making (40 CFR 1508.22). All
timing for the EIS process is tied to the publication date of this docu-
ment. The NOI should state, at a minimum,

■ The agency’s proposed action, and potential alternatives
■ The agency’s proposed scoping process, including whether public

meetings will be held, and if so, when and where they will be held
■ The point of contact for the project, and for the EIS, if different

As an option, although not required, an agency may publish an NOI or
similar public notice if it intends to prepare an EA instead of an EIS.

Draft environmental impact statement (DEIS)

A DEIS is the first of the two documents prepared to meet the require-
ments of Section 102(2)(c) of NEPA (40 CFR 1502.9). The DEIS is cir-
culated for a formal agency and public review and comment process as
outlined by the CEQ regulations.

Final environmental impact statement (FEIS)

A FEIS is the second of the two documents prepared to meet the
requirements of Section 102(2)(c) of NEPA (40 CFR 1502.9). The FEIS
incorporates the results of the formal review of the DEIS, as outlined
by the CEQ regulations.

Record of Decision (ROD)

At the time of its decision or, if appropriate, its recommendation to
Congress, each agency should prepare a concise public record of its
decision. This record may be integrated into any other documentation
which is prepared by the agency for a similar purpose. This record (40
CFR 1505.2) should include

■ A statement of what the decision is.
■ Identification of all alternatives considered by the agency in reach-

ing its decision, including specification of alternatives which were
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considered environmentally preferable. An agency may discuss pref-
erences among alternatives based on factors related to economic and
technical considerations and agency statutory missions. The agency
should identify and discuss all such factors, including any other
essential considerations of national policy which were balanced by
the agency in making its decision.

■ A statement of what practicable means to mitigate environmental
damage from the selected course of action will be included in imple-
menting the action. If some practicable mitigation techniques were
not included, the reasons for their exclusion should be stated. A mon-
itoring and enforcement program designed to carry out the mitiga-
tion techniques identified should be summarized. If a monitoring
and enforcement program designed to carry out the mitigation tech-
niques was not included, the reasons for its exclusion should be stat-
ed.

It should be noted that although the decision made is often either
the “preferred alternative” or the “proposed action,” there can be mod-
ifications. The decision maker can select any of the alternatives ana-
lyzed as the final agency course of action. Beyond the alternatives
analyzed in the EIS, the decision maker can select a hybrid course of
action (some elements from one alternative, some from another), or
can select a course of action that was not specifically analyzed in the
EIS as long as it can be shown that the impacts of the action selected
fall within the bounds of the environmental impact analysis.

4.4 Application of Environmental
Documentation Process

The broad spectrum of potential federal (or state or local) action
ranges from major to minor, and the associated environmental impacts
from highly significant to truly insignificant. Because of the wide spec-
trum of possibilities, the CEQ regulations recognize three ways to pro-
ceed with an environmental analysis of a proposed action, and the
regulations encourage federal agencies to identify and provide guid-
ance on the types of actions that would fall under these three classes
of actions. These three classes are as follows:

1. The first class of actions are those known or presumed to result in
significant environmental impacts, for which an EIS would be
required.

2. The second class of actions are those where the agency has sufficient
experience in preparing NEPA reviews on similar proposals to be able
to accurately predict that no significant impact would occur, and that
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the agency has formally identified the actions to the public through a
list in the Federal Register. The agency may exclude proposed actions
in this category from the requirement to prepare either an EIS or an
EA; actions of this type are referred to as “categorical exclusions.”
Some agencies abbreviate this as “Cat-X” or “CX.”

3. The third class of actions are those expected to result in impacts
that are not significant, or those where the degree of significance
cannot be accurately predicted, for which an EA would be the appro-
priate initial NEPA review.

Figure 4.1 depicts the process used to determine which path of
analysis to take.

Although some preparers think of EISs as “big NEPA,” EAs as
“medium NEPA,” and categorical exclusions as “little NEPA,” this
mindset oversimplifies the situation. It is possible that the degree of
significance of impacts from a proposal analyzed under an EIS, one
analyzed under an EA, and one covered by a categorical exclusion
would be very similar. The point of a NEPA review is not to explain
away or minimize the impacts that might occur, but rather to accu-
rately capture the significance of the environmental factors that would
bear upon an agency decision. As stated in the CEQ regulations (40
CFR 1500.1(c)), the purpose of NEPA is not to generate paperwork but
to lead to “excellent action.”

An agency should embark upon an EIS as the initial level of NEPA
review for those “major actions” that would “significantly affect” the
environment, as those terms are defined in the CEQ regulations. An
agency might have identified a proposal as falling within a class of
actions that normally require an EIS. Or, using the gift of common
sense, an agency may discern without lengthy analysis or a prelimi-
nary EA that a proposal would result in significant environmental
impacts and proceed with an EIS, such as when considering plans for
very large, very expensive facilities, proposals involving transporta-
tion or use of large quantities of highly toxic materials, or actions that
would obviously adversely affect large areas of critical habitat for
endangered species or infringe upon major archaeological sites. An
agency may decide to prepare an EIS as the initial level of NEPA
review for one-of-a-kind actions where impacts are unknown or highly
uncertain without going through an initial EA process. Lastly, an
agency may decide to prepare an EIS on any action “to further the pur-
poses of NEPA,” even if environmental impacts would not be signifi-
cant. The EIS process includes the NOI, the draft EIS (DEIS), the final
EIS (FEIS), and the ROD. These documents should be formatted in
accordance with the CEQ regulations and the requirements of the pro-
ponent agency.
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In theory, if an agency prepares an EIS and the analysis indicates
that no significant impact would result, the agency could prepare a
FONSI instead of an ROD and proceed with the action. In practice,
this is rarely (if ever) done because it is difficult to explain or justify
to other agencies or the public why the EIS is being abandoned.
Furthermore, there is no procedural advantage in terms of paper-
work or timing (by the time the agency discovers that there would
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Figure 4.1 Determining the level of NEPA review.
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not be a significant impact, it would generally be just as quick to
complete the EIS process and prepare an ROD as to abandon the EIS
process and prepare a FONSI). This course of action (abandoning the
EIS and preparing a FONSI) would lead to a greater risk of litiga-
tion, and higher probability of litigation success against the agency,
than the option of completing the EIS process.

If an action is listed by the proponent agency as one that normally
would require an EIS, but in a specific case the agency has reason to
believe that impact might not be significant, the agency may prepare
an EA as an initial level of NEPA review. Depending on the agency,
this approach may require several levels of agency approval before
being initiated; check with agency requirements before seriously con-
sidering this path.

If it is clear that an EIS would not be the initial level of NEPA
review, the NEPA preparer should then look to see if a proposed action
could be categorically excluded from preparation of either an EIS or an
EA. A categorical exclusion is not always reserved for actions with very
minor impacts. While the impacts of a categorically excluded action
may be minimal, in other situations they may be essentially the same
as the impacts of an action addressed by an EA and FONSI.
Regardless of how minor the environmental impact may be, an action
must appear on the agency’s list of classes of actions that can be cate-
gorically excluded in order to pursue this approach. Categorical exclu-
sions are specific to the issuing agency: An action that is categorically
excluded by one federal agency may not be on the list of exclusions of
another agency. If the agency knows that in a specific extraordinary
instance the impacts from a listed action might be significant, such as
if the action were to take place in a designated wetland, the CEQ reg-
ulations provide that the categorical exclusion not be applied and that
another type of NEPA review (EA or EIS) be performed instead.
Requirements for documenting categorical exclusions vary from
agency to agency; many agencies do not require any documentation for
all or some types of categorical exclusions, and others use some type of
checklist or short memorandum. Check with the agency procedures for
documentation and notification requirements. As a word of warning,
an agency may have reason to believe that a proposed action falls with-
in its listing of categorical exclusions, and fail to perceive that other
parties, including regulatory agencies, do not share that opinion.
Great care should be taken to try not to stretch the listed definitions,
or to “force fit” an action into the desired categorical exclusion, if a sub-
stantial segment of the public does not agree.

Between those actions for which the agency will prepare an EIS and
those actions that are categorically listed as excluded from the require-
ment to prepare either an EIS or an EA lies the broad spectrum of
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actions where either it is thought that impacts would not be significant
or it is difficult to determine whether impacts would be significant or
not. In these cases, an EA is prepared. The EA analysis is very similar
to the EIS analysis, but generally there are fewer alternatives to the
proposed action, the alternatives do not have to be analyzed to the
same degree (as is the case with an EIS), and the analysis of the pro-
posed action and alternatives needs only to be sufficiently detailed to
demonstrate that no significant impacts would occur (leading to a
FONSI) or to demonstrate that they would occur (leading to an EIS).
In some cases the analysis is inconclusive and it cannot be determined
if impacts would be significant or not. In these cases an EIS would be
prepared instead of a FONSI. In some cases, the EA analysis might
demonstrate that while the proposed action would not be expected to
have significant impacts, a reasonable alternative course of action
would be expected to have significant impacts. In this event, an EIS
should be prepared so that the decision maker will have full disclosure
of the significance of the options available.

The EA review process includes preparing an EA and, if warranted,
a FONSI. Most agencies prepare an EA using a format modeled on
that required for an EIS. However, there are other approaches and
other formats in use among federal agencies. Some agencies have
developed a checklist approach used for simple EAs. An alternative
format for a simple EA is described later in this chapter.

While the content of an EA is similar to that of an EIS, the process is
simpler. An agency is not obligated to provide notification to the public
or other agencies that an EA is being prepared, does not have to pre-
pare a draft EA for circulation and comment, and does not have to con-
sider public input in the preparation of the document, although many
agencies take some or all of these steps. The agency does not have to
disclose in any detail its final decision or its decision factors, although
it does have to disclose its FONSI and the EA upon which it is based.
To facilitate agency action and public access to information, some agen-
cies prepare a decision record along with the FONSI and make it avail-
able, similar to the ROD following an EIS.

As a word of caution, it is not prudent to attempt to avoid prepar-
ing an EIS by intentionally understating the possible impact of the
action, trying to “explain away” all potential impacts, or selecting alter-
natives that will make the proposal look relatively benign. One com-
mon avenue for citizen action against the federal government is the
challenge before a court that an agency prepared an EA and FONSI
when an EIS was required; since NEPA is a procedural law and the
determination of significance is somewhat subjective, judges are often
sympathetic to this argument and remand the documents to the
agency with instructions to prepare an EIS before taking further
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action. These types of challenges have caused lengthy and expensive
project delays.

4.5 EIS Format and Content

The CEQ NEPA regulations provide a standard format for all federal
agencies to follow in preparing an EIS (40 CFR 1502.10) (see Appendix
D). If an agency determines that there is a compelling reason to do oth-
erwise, it may use an alternative format, but this is discouraged. A
generic outline for a prescribed EIS format is provided in Fig. 4.2.
Each required item is discussed briefly, below.

The CEQ regulations state that an EIS should normally be less than
150 pages, or 300 pages for unusually complex analyses, but many
agencies routinely exceed these limits. Some agencies have additional
formatting requirements, and agency guidance should always be con-
sulted prior to beginning an EIS.

Although this section discusses each part of the EIS document in
turn, the parts of the EIS are interdependent. Preparers may need to
work on more than one section at a time, and make iterative changes
as alternatives are refined, mitigation measures developed, and
impacts analyzed. The document manager should develop a schedule
for completing each different part of the document and ensure that the
members of the EIS team communicate frequently so that the analy-
sis is internally consistent.

Cover sheet

The cover sheet should be one page. See Fig. 4.2 for required informa-
tion. (See also 40 CFR 1502.11.)

Summary

Each EIS is required to contain a summary; this is often called an
Executive Summary. It is suggested that the format of the summary
follow the general outline of the main body of the EIS. The summary
should outline the decision to be made, and should stress the major
points of the analysis, including alternatives considered, conclusions,
areas of controversy (including topics raised by other agencies or the
public), and the issues to be resolved. For a long EIS, the summary
may be published as a separate volume of the document.

Table of contents

The table of contents should include, at a minimum, the headings for
all chapters and major sections, and appendices. A list of figures and
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Format for an EIS

1. Cover sheet (1 page)
Title of the proposed action
Location of project
EIS designation (agency number): Draft, Final, or Supplemental
Lead agency, and cooperating agencies if any
Agency point of contact (name, address, phone number, and e-mail if available)
Date by which comments must be received
Abstract (one paragraph)

2. Summary
Proposed action and alternatives considered
Summary of EIS content (suggested to follow EIS format)
Conclusion
Areas of controversy
Issues to be resolved

3. Table of contents (and other front matter)
Chapters and section headings, including Appendices
List of figures
List of tables
List of abbreviations and acronyms
List of scientific or foreign symbols (explanations of scientific notation may be helpful)

4. Purpose and need for agency action
Underlying need (goal) for agency action
Purpose (objectives) of the proposed action

5. Proposed action and alternatives
Description of the proposed action
Description of the preferred alternative
Description of each alternative considered and analyzed (including No Action)
Description of alternatives considered and dismissed
Comparative summary of environmental consequences of alternatives
Mitigation measures identified

6. Affected environment
Description of each affected environmental attribute and baseline condition, including 
  natural, cultural, social, economic, and aesthetic environments
Reference to material summarized, appended, or incorporated by reference

7. Environmental consequences
Direct effects
Indirect effects
Cumulative effects
Consultation requirements with other agencies, if applicable
Conflicts with plans of other federal, state, local, or tribal agencies
Irreversible or irretrievable consequences
Energy requirements and conservation potential
Natural resource requirements and conservation potential
Need for mitigation measures, and an analysis of their potential effectiveness

Figure 4.2 CEQ-prescribed outline for EIS content.
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tables should also be included. If the preparer takes a bit of extra care
in organizing the table of contents, it will help the document readers
considerably.

In addition to the table of contents, the front matter of the document
often includes other helpful information that applies to the entire doc-
ument. This often includes lists of abbreviations and acronyms, a short
explanation of scientific notation, notation of Greek or other foreign
symbols used, and other similar material. A glossary of technical terms
is desirable in many cases, especially in cases where the topics are not
generally familiar to the general public or other agencies (such as, for
example, medical, military, or geologic terms). Sometimes a glossary is
placed at the back of the document near the index instead of with the
front matter.

Purpose and need

Briefly describe the purpose and need to which the agency is responding.
The “need” is the underlying goal of the proposed action, while the “pur-
pose” of the proposal is to meet the stated need. The “proposed action” is
how the agency plans to meet the purpose and need. For example, a need
may be to “enhance national security posture,” the purpose may be to
“provide laser capability,” and the proposed action to “construct a new
laser facility.” For another example, a need may be to “augment the
intrastate transportation system,” a purpose to “provide a cross-city
transportation route,” and the proposed action to “construct a freeway
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8. List of preparers
Name and qualifications (to demonstrate interdisciplinary approach), and area of expertise in 
the document (reference sections if possible)

9. Distribution list
List of agencies from whom official comment is requested (including state clearinghouses)
Identify other agencies, officials, and organizations from whom comment is solicited
Other parties and individuals receiving a copy of the EIS (optional)
Locations where EIS copies are available to the public for review

10. Index
At a minimum, generate index by major environmental topics, such as “wildlife”

11. Appendices
Material prepared in support of EIS
Analysis to support effects
Analytic methodologies
Analytic computations relevant to the analysis
Classified, proprietary, or confidential matter may be placed in an appendix and reserved 
  from public review

Figure 4.2 CEQ-prescribed outline for EIS content. (Continued)
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across the city.” Agencies sometimes confuse the purpose and need with
the proposed action—in the example just given, an agency may state
that the purpose of the proposed project is to “construct a freeway across
the city” and then go on to also state that the proposed action is to “con-
struct a freeway across the city.” This is circular logic, and will not allow
for a reasoned development of alternatives to the proposed action.

Some agencies combine purpose and need and do not distinguish
between the two; other agencies consider them separately. In either
case, the section should clearly state the underlying problem to which
the agency is responding. While the proposed action and alternatives
represent possible answers to the problem, the section on purpose and
need states what the problem is. It is crucial to accurately define the
purpose and need, because in the event that the EIS is reviewed by a
court, the judge may well define the adequacy of the analysis by how
well the proposed action and its alternatives respond to the agency’s
statement of purpose and need. At times, the need to take agency
action is required by law, the wording of the authorizing legislation for
a new project, a congressional budget line item, a court order, or other
legal or judicial considerations. In these cases it is helpful to make it
very clear that the underlying purpose and need for agency action is in
response to these drivers that are beyond the agency’s control. At
times an EIS is written in response to a suggestion in congressional
debate language; although perhaps this purpose does not carry the
weight of law, it should not be overlooked.

For any action, the agency may decide to prepare an EIS where one
is not otherwise required to “further the purposes of NEPA.” This may
be done in order to provide a fuller public disclosure of environmental
impacts, to increase the degree of public participation in the environ-
mental review process, to accommodate the requests of another
agency, or to assess the impacts of ongoing activities where there is no
proposal for change.

An early format for an EIS, used in the early 1970s, called for the pro-
ponent to state, as the first point, what it wished to do and why. The
advantage of this earlier process was that a clear, logical, unequivocal
statement of purpose was integral to the development and success of the
succeeding analysis. The public is rarely accepting of unclear statements
of purpose and need, or justification of a decision after the fact. The EIS
preparer may want to focus on this aspect of the NEPA analysis to clar-
ify the concepts of the underlying purpose and need for the project before
proceeding with developing the remainder of the document.

Alternatives including the proposed action

The CEQ considers this section to be “the heart” of the EIS. In this sec-
tion the agency describes the proposed action and identifies the alter-
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natives that it considered. The proposed action and the other alterna-
tives should be responsive to the problem stated in the section on pur-
pose and need. The lead agency is expected to consider a range of
reasonable alternatives, including alternatives under the jurisdiction
of another agency if relevant.

A NEPA analysis is a comparative analysis—it compares the envi-
ronmental impacts of taking a proposed course of action against the
impacts if the action were not taken (the so-called no-action alterna-
tive) and the impacts that would occur if an alternative course of
action were taken. The impacts are calculated over time and use a
common time frame: For example, what would be the impact in 10
years if a facility were to be constructed at site A compared to the
impact in the same 10-year time frame if the facility were to be con-
structed at site B? The proposed action and the alternatives to be ana-
lyzed must be carefully defined, or else potential impacts may be
overlooked (if the description is too sketchy) or exaggerated (if the
description includes overly conservative assumptions or broad param-
eters). The EIS preparer may find that it is more difficult to define and
describe the proposed action than one would think, and may have to
work closely with the project engineers to define details before the
analysis can proceed.

Often there are several alternatives that are considered initially.
Many may prove to be unreasonable due to cost, schedule, or agency
mission constraints; are unresponsive to the agency purpose and need;
or are very similar to other alternatives and so would not provide a
range of alternatives. Alternatives that are considered and dismissed
should be briefly discussed, along with the rationale for their dis-
missal. Through the agency and public scoping process, the EIS pre-
parers will narrow the list of alternatives to those reasonable
alternatives that will assist the decision maker in focusing on the
issues ripe for decision. These alternatives will be analyzed in the EIS,
and must be considered to a comparable level of detail. Usually they
include things such as alternative locations, technologies, timing, or
construction techniques. Most EISs fully analyze between three and
six alternatives.

At such time as it knows its preference, the agency should identify
its preferred alternative. Usually this is the proposed action and is
known at the time of the Notice of Intent or publication of the draft
EIS, but occasionally the agency may not select a preferred course of
action until the final EIS is prepared and the agency has had a chance
to consider public input on its draft analysis. The EIS should include
a rationale for why this is the agency’s preferred course of action.

The EIS is required, by law and regulation, to include, describe, and
analyze the no-action alternatives. Sometimes the EIS preparer will
hear the argument that the no-action alternative is not reasonable, or
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else is not responsive to the purpose and need for action and there-
fore should not be included in the analysis. It is true that if the
agency had no problem with the status quo, it would not be seeking
an alternative course of action through the initial proposal.
However, it must be understood that the no-action alternative is
used in the EIS as a baseline for the comparative analysis: What
would be the environmental impact if the agency took a proposed
action versus the environmental impact if the agency did not take
the proposed action? The no-action alternative might be a continua-
tion of current actions over time, or it might be the condition of the
ambient environment over time if a new facility were not constructed.
It would not be the cessation of existing activities, or pretending
that a proposed construction site is a pristine meadow instead of a
heavily disturbed site that has known past industrial use. The impacts
of the proposed action are defined by the comparison to the no-action
alternative. The impacts of other alternatives may be compared to
the impacts of either the proposed action or the no-action, but the
document preparer must be careful to explain which analytical tech-
nique is used and be internally consistent within the document. See
also Chapter 5.

Under the CEQ regulations, this section of an EIS must include a
comparative description of the environmental impacts of each alterna-
tive, including the no-action alternative. This is drawn from the full
impact analysis prepared under section 7, environmental conse-
quences, below. In most EISs this information is presented in tabular
form, although it can be presented as a comparative summary.

Whether these are considered as part of an alternative or identified
through the impact analysis, the EIS must identify means to mitigate
adverse environmental impacts. A summary of mitigation measures
and their ameliorating effects on the adverse impacts can be included
in this section, but are often included in section 7 instead. Mitigation
measures are determined not only for the preferred alternative, but for
any or all alternatives.

Affected environment

This section describes those attributes of the environment that would
be affected by the proposed action or one of the alternatives analyzed.
The section is also commonly called the environmental setting, or the
environmental baseline. The different aspects of the affected environ-
ment should be described succinctly and the information should be rel-
evant to the impacts discussed. The description should not be so
verbose that the agency could be accused of “hiding” significant effects
among many insignificant items. This section should emphasize the

102 Chapter Four

Environmental Documents and CEQ Regulations

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



aspects of the environment that could change (be affected) due to the
proposed action or one of the alternatives analyzed, in order to help
the decision maker focus sharply on the environmental issues that dis-
tinguish among the alternative courses of action. Lengthy analyses
should be incorporated by reference or moved to an appendix; com-
pleted documents should be incorporated by reference instead of being
appended. It is important to note that the baseline is not necessarily
static, but would be expected to change over time.

Environmental consequences

This section of the EIS provides the scientific and analytic basis for
the comparison of alternatives analyzed in the document.
Environmental consequences of impacts to be considered should
include direct, indirect, cumulative, and induced impacts in the bio-
logical, physical, social, economic, cultural, and aesthetic environ-
ments. The discussion should include adverse environmental impacts
which cannot be avoided, the relationship between short-term uses of
the human environment and long-term productivity, and any irre-
versible or irretrievable commitments of resources which would be
involved should the action be implemented.

Determining cumulative impacts can be particularly challenging.
Analysts must predict the cause-and-effect relationships between the
proposed and alternative actions and the resources, ecosystems, and
social environments of concern. They must then describe the conse-
quences of the action and alternatives using mathematical modeling,
trend analysis, and scenario building. The CEQ has provided addi-
tional instruction on this issue in its 1997 guidance document
Considering Cumulative Impacts (CEQ, 1997).

The CEQ regulations suggest that an EIS show how the alternatives
considered and decisions made upon these alternatives will or will not
achieve the requirements of Sections 101 and 102(1) of NEPA and other
environmental laws and policies. This information can be included in
this section.

List of preparers

The names and qualifications (expertise, experience, professional disci-
plines, educational background) of those persons primarily responsible
for preparing the EIS or developing background papers or analyses
should be included in the list of preparers. Where possible, persons
responsible for a particular analysis section of the EIS should be so iden-
tified. The list of preparers serves three purposes: (1) It provides a basis
for evaluating whether a systematic, interdisciplinary approach was
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actually used in preparing the EIS, (2) it increases the accountability
and professional responsibility of those who prepared the different parts
of the EIS, and (3) it gives due credit to and enhances the professional
standing of the preparers. Although the CEQ regulations suggest a list
of about two pages, it is common for the list of prepares to be longer,
especially for complex analyses that draw upon many types of expertise.

Index

The document should have an index that allows immediate identifica-
tion of where EIS elements of particular interest are located. For
example, by referring to the table of contents and the index, a reader
should be able to readily determine all sections where water quality is
discussed. Most word-processing systems allow for easy identification
and notation of items for the index, which is relatively simple if
thought out before the document is compiled.

Appendices

The EIS may include as many appendices as actually needed; however,
the appendices should not become a dumping ground for inclusion of
irrelevant or unnecessary paperwork. Only material specifically pre-
pared in support of the EIS and material needed to substantiate analy-
sis in the main body of the EIS should be included. It is often necessary
to perform extensive computations to determine some impacts. It
would be appropriate to include such analytic computations and their
scientific basis in an appendix. The appendices can be circulated with
the EIS, or, if they are lengthy or costly, can be made available only
upon request. If the analysis relies upon classified or proprietary infor-
mation, this material can be placed in an appendix that is withheld
from public circulation.

4.6 Preparing and Processing the EA or EIS

Preparing and processing the NEPA document depends upon whether
it is an EA, FONSI, DEIS, FEIS, or ROD. All NEPA documents are
public records that can be accessed under the provisions of the
Freedom of Information Act (FOIA) (5 USC 552). Most agencies antic-
ipate these requests and have procedures to make NEPA documents
readily available.

Environmental assessment

If an agency is not certain whether a proposed action would result in
significant environmental impacts within the meaning of NEPA, it
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may prepare an EA. An EA is intended to be a concise document that
briefly provides sufficient information to allow the agency to decide
whether impacts of a proposal or its alternatives would be expected to
be significant, in which case an environmental impact statement
would be prepared, or whether no significant impact would be expect-
ed to occur (40 CFR 1508.9). An agency is not required to prepare an
EA to determine significance. In practice, most agencies do not prepare
an EA if they have already decided to prepare a full environmental
impact statement either because it is anticipated, or known, that
impacts will be significant, or because the agency has decided that
preparing a full environmental impact statement will further the pur-
poses of NEPA regardless of the degree of significance of impacts. Most
agencies do embark on an EA if the proposed action is on the agency
list as normally requiring an EA, if the degree of significance of antic-
ipated impacts is not known, or if impacts are not expected to be sig-
nificant, because the preparation of an EA is generally seen as quicker
and less onerous than preparing an EIS. If the EA indicates that the
anticipated environmental impacts of the proposal, or the alternatives
considered, will be, or may possibly be, significant within the meaning
of NEPA, the proposed action cannot be taken unless the agency pre-
pares an environmental impact statement. At the point where this
becomes obvious, most agencies do not complete the EA but abandon
it and begin the EIS process by issuing a formal NOI. For this reason,
the student of NEPA will find very few, if any, completed EAs that
demonstrate significance.

If an EA is prepared and it is determined that no EIS is required,
the documentation, processing, and other follow-up procedures vary
both among and within federal agencies. The CEQ NEPA regulations
give the agency considerable leeway to determine its own procedures.
EAs are sometimes viewed as “mini-EISs” and are prepared and for-
matted accordingly. Although most agencies use a format for an EA
that is similar to that required by regulation for an EIS, some agencies
use variations, especially for shorter or simpler analyses.

An alternative format, and comparison to the standard EIS-type for-
mat style used for EAs, is given in Fig. 4.3. The alternative format
identifies and describes the impacts for each attribute of the environ-
ment (such as wildlife habitat or cultural resources) in turn, whereas
the standard format identifies and describes the impacts for each
alternative in turn. The advantage of the standard format is that it
collects impacts as a total picture under each alternative, and so is of
greater use to those who want to see the impact of each alternative as
a whole. The advantage of the alternative format is that it more
sharply defines the impacts to each environmental attribute by
describing the differences among the alternatives for each attribute. It

Environmental Documents and CEQ Regulations 105

Environmental Documents and CEQ Regulations

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



is also easier for a subject matter expert to prepare or review, since all
the salient information about a given environmental attribute is col-
lected in one place, and it is easier to ensure that impacts to the given
attribute were projected for each alternative and not overlooked.

In many cases, the proponent of the action is required only to docu-
ment the assessment and retain a copy in the project files. Some pro-
ponent agencies may require that copies be forwarded to offices within
the agency, as specified in their own agency guidance. It is common for
an agency to require that an EA be prepared prior to agency commit-
ment of funds to carry out the project, and that this fact be recorded
with the funding entity. Some agencies circulate draft EAs or completed
EAs to other agencies and the general public for review and comment,
similar to the EIS process.

Finding of no significant impact

If an EA demonstrates that the impacts from a proposed project or any
of the alternatives analyzed would not be significant, the agency may
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Standard EA Format

Summary

Purpose and Need

Description of Proposed Action and 
Alternatives

Affected environment
• Existing situation – Attribute A
• Existing situation – Attribute B
• Existing situation – Attribute C

Environmental consequences – Alt. 1
• Attribute A
• Attribute B
• Attribute C

Environmental consequences – Alt. 2
• Attribute A
• Attribute B
• Attribute C

Environmental consequences – Alt. 3
• Attribute A
• Attribute B
• Attribute C

Cumulative Impacts

Alternative EA Format

Summary (same)

Purpose and Need (same)

Description of Proposed Action and 
Alternatives (same)

Affected environment – Attribute A
• Existing situation
• Environmental consequences, Alt. 1
• Environmental consequences, Alt. 2
• Environmental consequences, Alt. 3

Affected environment – Attribute B
• Existing situation
• Environmental consequences, Alt. 1
• Environmental consequences, Alt. 2
• Environmental consequences, Alt. 3

Affected environment – Attribute C
• Existing situation
• Environmental consequences, Alt. 1
• Environmental consequences, Alt. 2
• Environmental consequences, Alt. 3

Cumulative Impacts (same)

Figure 4.3 Comparison between standard EA format and alternative EA format.
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prepare a FONSI. Although the CEQ regulations do not require that a
FONSI be formally recorded, it is not uncommon for agency proce-
dures to require notification in local media or the Federal Register that
a FONSI has been prepared, or even publication of the full text of the
document in the Federal Register. This is especially true when the cir-
cumstances of the action are such that

■ The proposed action is on the agency’s list as one that would normally
require preparation of an EIS, but an EA has been prepared instead.

■ The FONSI is based on mitigation of potentially significant impacts.
■ The action considered is of nationwide interest.
■ The nature of the proposed action is one without precedent.

In certain limited circumstances, which the agency may cover in its
own NEPA procedures, the agency might make the FONSI available
for public review and comment (including federal, state, and tribal
agencies and statewide clearinghouses) for 30 days before the agency
makes its final determination whether to prepare an EIS or proceed
with the project on the merits of the FONSI. If a federal agency pre-
pares an EA that demonstrates that a proposed action and the alter-
natives considered would not result in a significant environmental
impact within the meaning of NEPA, the agency may issue a FONSI
and proceed with the action.

The FONSI briefly presents the reasons why the action considered
in an EA would not have a significant impact on the human environ-
ment, and the rationale for why an EIS would not be required. Some
agencies include the FONSI within the body of the EA, and others pre-
pare the FONSI as a separate document with reference to the EA.
Some agencies combine a FONSI with a statement of what the agency
decision is, similar to the ROD following an EIS. Some agencies allow
a FONSI to include reference to mitigating measures that must occur
to enable impacts to remain below the threshold of significance. If an
agency cannot reach a FONSI for a proposal, it must prepare an EIS
before proceeding with the action.

Scoping process

The term scoping refers to the process to determine the range of alter-
natives and analysis, that is, the scope of issues to be addressed in the
EIS. For example, what is the definition of the proposed action? What
are the reasonable alternatives? Exactly which aspects of the environ-
ment are important for this project at this time and in this place? The
scoping process has two primary aspects: the internal process within
the proponent agency, and the external process which involves other
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federal agencies, states, tribes, local governments, and the general pub-
lic. Through the internal process the agency develops the proposed
action; considers, rejects, or accepts alternatives; defines the no-action
alternative; checks to see whether the proposal is consistent with
agency plans and policies; and identifies the environmental baseline
information that will be needed for the analysis. Through the external
process, the agency gathers relevant information from other cognizant
agencies regarding alternatives or the environmental baseline, gains
information from the public that may bear on the proposal, such as who
may be affected and whether it will be considered controversial, and
engages other interested parties in the information collection process.

The informal (internal) scoping process starts at the time that the
agency articulates its proposal; the formal (external) process should
start as soon as possible after the proponent agency proposes to take
action. The public scoping process starts with the agency’s publication
in the Federal Register of its formal Notice of Intent to prepare an EIS.

As part of the scoping process, internal and external, the lead
agency should

1. Invite the participation of affected federal, state, and local agen-
cies, Native American tribal governments, and other potentially
interested parties.

2. If required by the agency, or as an option, hold public scoping
meetings.

3. Invite, receive, and consider spoken or written comments on the
scope of the document and the environmental analysis.

4. Define the proposed action and alternatives, including the no-
action alternative.

5. Identify other EISs, EAs, or environmental studies that have been
prepared or are under preparation by the proponent agency, other
agencies, or other entities (such as a state government) that are
related to the proposed action.

6. Identify issues to be analyzed in depth in the EIS.
7. Identify and eliminate issues which are not relevant, or which

have been adequately covered by prior environmental review.
8. Determine additional analyses, such as field studies, statistical com-

putations, or siting studies, that will be required to support the EIS.
9. Assemble an interdisciplinary team to prepare the EIS, including

personnel from cooperating agencies (where appropriate), and
allocate assignments.

10. Develop a timetable for preparing the EIS and agency decision
making.
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11. As an option, develop and circulate a potential table of contents,
including page limits.

The draft EIS itself will attest to the scope of its analysis, and the
agency does not need to issue a separate document indicating the results
of the scoping process or its determination of scope (although sometimes
an agency will do this, particularly if it anticipates a lengthy time to pre-
pare the draft EIS or experiences a delay in the project). The agency is
free to change the scope of the proposal, the analysis, the identification
of issues, or environmental documentation at any time up to and includ-
ing preparation of the final EIS.

Draft environmental impact statement

If the agency determines that an EIS is required, either because the
proposed action is on the agency’s list of actions normally requiring
preparation of an EIS or as a result of the EA process, the next step is
to prepare and process a draft EIS. The DEIS is prepared in accor-
dance with the CEQ regulations. After undergoing internal review, a
process that varies among agencies, the DEIS is circulated for agency
and public review as outlined in the CEQ regulations.

The DEIS must be filed with the Office of Federal Activities, EPA,
Washington, D.C., in compliance with the CEQ regulations (40 CFR
1506.9). The EPA will publish a notice of availability of the DEIS in the
Federal Register, and will review the document as described in
Chapter 7.

After preparing the DEIS and before proceeding with the FEIS, the
agency should solicit comments from the following groups:

■ Federal agencies that have jurisdiction over the proposed action or
an alternative by law or special expertise

■ State and local agency that are authorized to develop and enforce
environmental standards

■ Native American bands or tribes, when the proposed action or an
alternative would affect them, their tribal lands, or their traditional
cultural properties

■ The applicant, if the federal agency is considering the action of issu-
ing a lease, license, permit, or entitlement

■ Any party that has requested a copy of the DEIS
■ The general public and nongovernmental organizations affected by,

or potentially interested in, the action (it is the agency’s responsibil-
ity to make a reasonable attempt to identify such parties)
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Although the CEQ regulations refer to Office of Management and
Budget Circular A-95 clearinghouses as a means to circulate the DEIS
to state and local environmental agencies, many of these clearing-
houses are inactive. Reliance on this method may be problematic if it
is the sole avenue used for the release of time-sensitive material,
including a DEIS, because many of these clearinghouses, even where
functioning, operate at a low level of activity and may be slow to dis-
tribute information or choose not to duplicate large documents because
of the expense.

Federal agencies with jurisdiction by law or special expertise in the
environmental arena covered by the DEIS are expected to comment on
the document. As an example, the U.S. Fish and Wildlife Service, an
agency of the U.S. Department of the Interior, has special expertise on
endangered species and is required by regulation to comment within a
certain time frame on all actions potentially affecting federally listed
threatened or endangered species. An agency or other party may
respond with the notation that it has no comments to make. In order
to reduce unnecessary delays, agencies are requested to provide their
comments within the time limits designated by the preparing agency.

The CEQ regulations ask that comments be as specific as possible
and that comments be designed to further assist the NEPA process. To
be most useful, comments should focus on the following:

■ The adequacy of the document, including the merits of the alterna-
tives or of the analysis

■ The adequacy of the agency’s scientific or predictive methodology,
and if in disagreement, a description of the preferred approach and
the rationale for the preference

■ Additional information held by the commentor that may assist in
determining effects

When a cooperating agency is issuing a permit, license, or entitle-
ment, the proponent agency may request additional information if
needed to determine site-specific effects. If the cooperating agency has
any reservations about the proposal on the grounds of environmental
impacts identified in the DEIS, the agency proffering the objections
should specify proposed mitigation measures or alternative conditions
that it considers necessary for its approval of the proposal.

In practice, the NEPA preparer will find that comments received on
the DEIS run the gamut from specific questions about the analysis to
broad statements about the agency mission. The preparer should make
an attempt to address all comments received rather than to curtly dis-
miss them as irrelevant.
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Final environmental impact statement

The FEIS incorporates all changes to the DEIS that have come about
from refinements generated by the proponent agency, comments from
other agencies, and comments from the general public. The agency
should take advantage of this input and make changes, if necessary,
whether in response to an error in the draft or, at the agency’s discre-
tion, to incorporate good ideas. The agency must consider comments
received on the draft EIS both individually and collectively, and pre-
pare a summary of the comments received and their disposition.

The regulatory charge to “incorporate” comments into the prepara-
tion of the FEIS may be handled in many different ways. All substan-
tive comments received on the draft EIS should be considered and
addressed. (A comment stating simply that the respondent was
opposed to, or in favor of, the proposed action may not be considered
“substantive” by many agencies.) If changes have been made to the
draft due to substantive comments, the agency can simply annotate
that the comment was accepted and the change made. If the comment
does not warrant a change in the document text, the agency should
write a brief response to state why the comment was not accepted. It
should be noted that spoken comments received at a public hearing are
expected by the commentor to be given the same weight as a written
comment, and the agency should have a way to record and consider
these, such as through a verbatim transcript of the hearing.

Agencies have different ways of acknowledging public comments. At
a minimum, the agency should summarize comments and agency
response. In addition, most agencies attach all comments, or all sub-
stantive comments, to the FEIS, along with the agency response to
each comment or category of comments. This is often done by placing
the comments and responses in a separate volume or appendix of the
FEIS. Voluminous comments (such as submission of an entire book) or
duplicatory comments (such as a form letter) may be summarized, but
are part of the public record and must be made available for public
review if requested under FOIA.

When changes made to the FEIS in response to review of the DEIS
are truly minor, such as corrections of typographical errors or minor
changes to data, the proponent agency can sometimes prepare a simple
document including only the comments and responses, and reprint only
the pages with changes (or prepare an errata sheet). The FEIS, then,
would consist of the DEIS text as modified by those few revised pages.

It is more common to find that “incorporation” of agency and public
comments on the draft EIS requires considerable revision to the text of
the draft EIS. The agency may need to revise alternatives, complete
additional field studies, and discuss areas brought to light through the
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comment process or raised as a point of dissention. A well-prepared FEIS
may add a considerable amount of new material. The newly drafted
FEIS, including the comment summary, comments, and agency
responses, would then completely replace the DEIS. Occasionally the
agency may find that the document must be so extensively revised in
response to public or regulatory comments that it is necessary to issue a
second, revised, DEIS on the basis that the action originally described,
the alternatives to meet the need, or the analysis originally made would
not be recognizable. Another reason to issue a second draft EIS would be
if agency procedures changed, or new information became available that
would affect the conclusions of the analysis; examples are a change in the
listing of endangered species and implementation of new agency guid-
ance such as designation of critical habitat. If the changes to the draft
EIS are extreme, but not so drastic as to warrant preparation and circu-
lation of a second DEIS, the agency may circulate the FEIS for review
and comment prior to reaching a final agency decision.

The CEQ regulations require that the final EIS, when completed,
together with comments and responses (or a comment/response sum-
mary) be filed with the Office of Federal Activities, EPA, in
Washington, D.C. The FEIS should be made available to federal, state,
tribal, and local government agencies, and the general public, at the
same time it is filed with the EPA. To comply with the regulatory
requirement to make the FEIS available to the President, the EPA will
deliver one copy of the document to the CEQ.

Supplemental reviews

After a NEPA review is completed, and before the action decided upon
is implemented in its entirety, an agency may find a need to reopen, or
supplement, the initial analysis. This is most often done if there are
substantial changes to the proposed action that are relevant to envi-
ronmental concerns or if there are significant new circumstances that
bear on the analysis, such as changes to either the affected environ-
ment or changes in the knowledge base concerning the affected envi-
ronment. In either case—a change in the action or a change in the
environment—the agency may prepare a supplemental analysis to
assist in its agency decision making (see 40 CFR 1502.9(c)). The
agency may prepare some sort of document to record its consideration
of whether or not a supplement is needed, and may make that discus-
sion public.

The CEQ regulations provide guidance on supplementing an EIS; in
addition, individual agencies may cover this topic in their own NEPA
regulations, guidelines, or procedures. If an agency decides to prepare
a supplemental EIS, a draft and final EISs are prepared, formatted,
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circulated, and filed in the same manner as an initial EIS. However,
for a supplemental EIS, external scoping may be omitted, unless pro-
vided for under the proponent agency NEPA requirements. The regu-
lations are silent on supplementing an EA, but this is often done,
usually following the guidance given for supplemental EISs.

4.7 Timing of Agency Action

Time frames for an EIS are calculated from the date that the NOI is
published in the Federal Register. See Fig. 4.4. The EPA publishes a
weekly notice in the Federal Register of the EISs filed during the pre-
ceding week. The minimum time periods set forth by the CEQ should
be calculated from the date of publication of this notice, not delivery of
the document to the EPA. Additionally, if the EIS is not delivered by
the time the Federal Register is received, commenting agencies and
groups may request, and be given, a time extension dating from when
the document was constructively available to them. No decision on the
proposed action should be made or recorded by a federal agency except
as follows:

■ Ninety days after publication of the notice for a draft EIS.
■ Thirty days after publication of the notice for a final EIS. However,

there is an exception for those rule-making actions where an agency
may announce a preliminary decision at the same time an EIS is
filed. In such cases there must be a real opportunity to alter the deci-
sion. This means that the period for appeal of the decision and the
30-day period required for the EIS process may be concurrent. An
agency engaged in rule making under the Administrative
Procedures Act or other statute for the purpose of protecting the
public health or safety may waive this 30-day period.

■ The minimum of 90 days required between the draft EIS and the
final action (or recording of the decision) and the 30-day waiting peri-
od after the EIS can be concurrent. However, a minimum of 45 days
must be provided for comments by other agencies and the public.
This is often extended considerably.

■ The lead agency may extend (but not reduce) these prescribed time
periods. Only the EPA may reduce the prescribed time periods at the
request of the lead agency due to compelling reasons of national poli-
cy. Also, the EPA may extend the time periods at the request of other
federal agencies (other than the lead agency) in consultation with the
lead agency. The EPA is required to notify the CEQ for any such exten-
sion or reduction of the time periods. There are some other restrictions
as well, and these are further described in the CEQ regulations.
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Agency Concept for New Action
• Determine that a new action is needed
• Determine level of initial NEPA review
• Develop initial proposed scope for EIS analysis
• Prepare Notice of Intent

Begin Public Scoping Process
• Publish Notice of Intent in Federal Register
• Invite comments from other agencies, states, tribes, local govern-

  ments, and public
• Publish times, dates, and location of public meetings, if held 
    (min. 15 days prior to meeting)
• Hold public meetings (optional)

Complete Public Scoping Process
• Hold public meetings (optional)
• Receive and analyze agency and public comments

Prepare DEIS document
• Conduct field studies, modeling, and analyses
• Write text
• Prepare text and figures, print
• Complete internal agency review

Issue DEIS for review and comment
• Complete text and file with EPA
• EPA issues Notice of Availability
• Circulate DEIS
• Invite comments from other agencies, states, tribes, local 
    governments, and public
• Publish times, dates, and location of public hearings (min. 

  15 days prior to hearing)
• Hold public hearings

Prepare FEIS document
• Receive and analyze agency and public comments
• Prepare comment response and summary
• Develop additional analyses or mitigation measures
• Revise text as needed, print

Issue FEIS
• Revise text per agency and public comments
• Complete text and file with EPA
• EPA issues Notice of Availability
• Circulate FEIS

Complete ROD (or ROD becomes effective)
• Determine final decision
• Determine mitigation measures
• Prepare ROD
• Issue ROD – make publicly available

Take Action
• Implement action
• Apply mitigation
• Monitor over time

Figure 4.4 Time requirements for processing an EIS.
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4.8 Tiering

The ability to “tier” environmental assessments and statements can be
very useful. Tiering refers to the coverage of one level of environmen-
tal documentation in a broad “programmatic” EIS, followed by more
detailed analyses and environmental documentation for a site-specific
action or a subset of the broad program. The subsequent EIS or EA
need not repeat in full the issues treated in the programmatic docu-
ment, but may summarize the issues discussed in the broader state-
ment and concentrate on issues specific to the subsequent action.
Tiering is often used where an agency has developed a plan or program
using the NEPA process (top tier) and uses subsequent EAs or EISs to
analyze impacts of specific implementing actions under that plan (bot-
tom tier). Tiering may also be appropriate for large projects where all
the details are not available in the earlier stages of the project.

4.9 Mitigation

An important part of the analysis content of an EA or EIS is mitiga-
tion-specific statements showing how potentially adverse impacts may
be lessened or avoided. If the inclusion of mitigation techniques is to
have any meaning, it is essential that those identified in the EIS be
carried out. Case law clearly shows that the mitigation procedures
incorporated in an EIS are legally binding commitments on the propo-
nent agency. The lead agency, therefore, should provide a framework
for implementing mitigation techniques, and the framework should
encompass the following:

■ Appropriate conditions in grants, permits, or the approvals. (This
item would apply when a federal agency is issuing such a grant, per-
mit, or other approval to a nongovernmental agency.)

■ Funding of actions conditioned on proper implementation of the mit-
igation techniques required.

■ Upon request, informing cooperating or commenting agencies on the
progress in carrying out mitigation procedures that were a part of
the EIS.

■ Upon request, making available to the public results of relevant
monitoring to ensure that mitigation is being carried out.

We note here that the term mitigation has developed, over the years,
two distinct meanings within the environmental assessment commu-
nity. As used here, it implies “means taken to minimize damage that
would otherwise occur.” The alternate meaning, most commonly used
when the resources involved include fish and wildlife habitat, is closer
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to “land which the agency will purchase and allow to be devoted to fish
and wildlife use as compensation for habitat damaged or occupied by
the agency’s project.” It would be preferable if the term were restricted
to the former definition, but the latter has become widely used in
many agencies, and is acceptable if it is clear what is meant when the
word is used. There are certain agencies where the term is used almost
entirely in the latter sense. When discussions take place with those
agencies, the use of this term must be made unequivocally clear. We
note that the EPA normally rates as “unacceptable” an EIS which
shows effects on threatened or endangered species or fish and wildlife
habitat, but does not detail the exact mitigation measures proposed.

4.10 General Considerations in EIS
Preparation

General comments included in the 1979 NEPA regulations regarding
the preparation of EISs can be summarized as follows:

■ EISs should be analytic rather than encyclopedic.
■ Impacts should be discussed in proportion to their significance.
■ EISs should be concise.
■ EISs should state how alternatives considered and decisions made

based upon the EIS will or will not achieve the requirements of
Sections 101 and 102(1) of NEPA and environmental laws and poli-
cies.

■ Alternatives discussed should be limited to those which are expected
to be considered by the agency decision maker.

■ The agency should not commit resources prejudicing selection of alter-
natives before completing the NEPA process.

■ EISs should be a means of assessing the environmental impact of
the proposed action, rather than a means of justifying decisions
already made.

■ A systematic and interdisciplinary approach should be used to pre-
pare EISs.

■ EISs should be written in plain language and appropriate graphics
used so that decision makers and the public can readily understand
the documents.

4.11 Case Studies

This section presents three case studies of interest to the NEPA student.
They illustrate points and potential pitfalls brought out in this chapter.
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Case study 1. Scope creep

It is normal for the scope, or details, of a project to change or evolve as
designs are finalized, new equipment becomes available, or new tech-
nologies are developed. Sometimes, however, many small incremental
changes over time can add up to a change in the scope of the project
that is large enough to cross a threshold of significance and negate the
original NEPA review. A case in point was the Dual Axis Radiographic
Hydrodynamic Test (DARHT) Facility, an accelerator-based diagnostic
test machine constructed in the 1990s at the Los Alamos National
Laboratory, a New Mexico nuclear weapons research and development
lab administered by the U.S. Department of Energy (Webb, 1997). In
this case study, we see that agency reluctance to reexamine the accre-
tion of environmental impacts due to incremental project changes
resulted in a court injunction, expensive project delays, and court
direction to prepare an EIS (the course of action the agency initially
sought to avoid).

The DARHT Facility was designed to use two linear accelerators to
power radiographic equipment that produces x-ray images during
hydrodynamic diagnostic tests (DOE, 1995). These types of tests are
used to measure material motion and compression. The twin accelera-
tors would allow for two views, or dual axes, for radiographic lines of
sight, thereby producing three-dimensional imaging.

As developed in the early 1980s, the original project concept placed
a small accelerator on a track-mounted cart, about the size of a semi-
truck van, adjacent to an existing small accelerator. Over the next
dozen years, however, incremental changes to the evolving project
design resulted in a much larger facility. In 1994 construction started
on two accelerator halls, 225 feet long and four stories high, adjacent
to an open-air explosives firing site. In early 1995, this construction
was enjoined in response to suit brought by two citizen organizations,
pending completion of an adequate EIS.

The agency initially sought to avoid the time, expense, and public
intrusion of preparing an EIS. To support its contention that no EIS
was needed, the Department of Energy prepared several small envi-
ronmental impact reviews of the initial DARHT proposal and its iter-
ations. In 1982 the agency wrote a memorandum to file indicating
that no further NEPA review was needed due to the minor nature of
the project. Over the next 12 years, the agency prepared four revi-
sions to its original memorandum. However, in so doing, the agency
did not take into account whether the overall environmental review
of the total project was still reasonable, given the magnitude of
cumulative design changes. The large project under construction in
1994 bore little resemblance to the small project envisioned in 1982,
although it responded to the same original purpose and need for a
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better hydrodynamic diagnostic machine. Each incremental change
made to improve upon the original design, incorporate new aspects of
evolving accelerator technology, or allow for additional features was
compared only to the most-recent prior change. Because each step
seemed minor, potential environmental impacts of each increment
were dismissed as “similar” to those of the previous step rather than
comparing them to the 1982 baseline project first analyzed.

To further complicate the situation, the Department of Energy made
several substantial changes to its internal NEPA review process dur-
ing the period of time that DARHT was designed (see the DOE NEPA
regulations at 10 CFR 1021, first issued in 1992). Additionally, during
this time the Department reassessed and softened its prior “hands-off”
relationship with the general public. Consequently, the agency’s
requirements for NEPA review at the time DARHT construction started
in 1994 were not the same as its requirements at the beginning of the
process in the early 1980s. In addition, changes in national policy
regarding the nuclear weapons complex had increased the program-
matic importance of DARHT in 1994 compared to the low-key project
envisioned in 1982. Not only had the project changed, but the proce-
dural expectations of the agency had changed, and the national stakes
were higher in regard to the importance of the project.

In response to the action brought by two citizen organizations, in
January 1995 the U.S. District Court for the District of New Mexico
enjoined further work on the 7-month-old construction project. The
Department agreed to prepare an EIS, and met an exceptionally ambi-
tious, expedited schedule of 10 months to complete the EIS. The resul-
tant August 1995 DARHT EIS was reviewed by the court and, in April
1996, found to be “adequate.” The injunction was lifted. Construction
of DARHT resumed after a 15-month delay, and the facility went into
operation in 1999. The Department of Energy and the Laboratory
incurred not only the cost of the litigation, but additionally the cost of
bringing the construction site to a safe stand-down, maintaining the
site, and keeping the construction contractor on standby (approxi-
mately $1 million per month); the cost of reassigning technical per-
sonnel to other projects; and the cost of preparing an EIS.

In retrospect it is easy to see that 10 to 15 years of incremental
design changes at DARHT resulted in starting construction on a proj-
ect that had never been subject to environmental review in its totality.
These changes in design, or “scope creep,” caused the project to cross
the threshold from a minor modification of an existing building that
was not expected to result in significant impact to a hundred-million-
dollar construction project with significant impacts. Given the changes
in agency procedures and the additional importance of the new facility
to national programs, it would have been prudent to have initiated a
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full-scale EIS review prior to finalizing project design and starting
construction. However, given the agency climate of the time, it is also
easy to see how project engineers and program managers felt that a
comparison of each design change to the prior step was sufficient. The
result of the path of NEPA avoidance, however, was court action, costly
project delays, and the eventual publication of an EIS.

Case study 2. Defining the no-action
alternative:The Camp Shelby, Miss.,
use permit

Camp Shelby is an Army National Guard installation located near
Hattiesburg, Miss. The total land area is about 137,000 acres, and con-
sists of a mix of Department of Defense, State of Mississippi, and
DeSoto National Forest lands. The 117,000 acres of Forest Service lands
are used under a permit. When, in the 1980s, this permit was up for
renewal, the issuance of the permit was challenged by, among others,
the Sierra Club, on the basis that no full examination had been made of
the effects of off-road military maneuver training on these lands. A com-
plicating factor was that the Guard was asking for access to some lands
on which they had not previously been allowed to maneuver off-road
with tracked vehicles. The State Forester (U.S. Forest Service
Supervisor of the DeSoto National Forest) asked the Mississippi Army
National Guard to prepare an EIS covering the proposed permit.

During the planning and scoping of the EIS, the definition of no
action was questioned. While all parties agreed that the option must
be included, there was little initial agreement as to what it meant in
this case. Did it mean that all activities would proceed as before?
Normally, it was argued, no action implies that the status quo main-
tains, so the comparisons should be with present activities. Did it
mean that the entire installation would close? Did it just mean that no
permit would be issued for use of U.S. Forest Service lands and that
use of the other 20,000 acres would continue? All these were proposed,
in some cases with considerable passion. Broadly speaking, the “sides”
were arrayed as follows:

1. The U.S. Forest Service believed that no action meant that no
maneuver permit of any type would be issued, but that use of other
U.S. Forest Service lands was not affected.

2. Many environmental groups believed that lack of a maneuver per-
mit should not affect actions on the federal Department of Defense
lands and state lands.

3. The National Guard’s position was that the sole function of Camp
Shelby in its structure was to provide a place for the heavy brigades
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of the Mississippi and Tennessee Army National Guard to maneu-
ver, and that, absent that capability, there was no need for main-
taining the facility.

In the end, the proponent’s position prevailed. The permit applicant
was the Mississippi National Guard, and it was allowed to define the
consequences of lack of issuance of the permit sought. Thus, in the
draft and final EIS, the consequences of no action were not the main-
tenance of the status quo, but involved all aspects of the closure of the
installation, including effects on local employment. In some ways this
is analogous to the situation where a business applies for a permit to
continue operation of, for example, a privately owned hydropower
dam. If the permit renewal is denied, the business closes and does not
continue as before.

This circumstance is slightly unusual, but constitutes a class of excep-
tions to the belief that no action always means a continuation of the pres-
ent effects.

Case study 3. Emergency actions

Extraordinary situations call for extraordinary action. The CEQ regu-
lations recognize that in the event of an emergency, an agency may
need to take immediate action without benefit of a NEPA review (40
CFR 1506.11). In such cases, the agency is not excused from the NEPA
process; rather, the agency is to consult with the Council to determine
alternative compliance arrangements. This provision is limited to
actions needed to control the immediate impacts of the emergency. A
key point of this regulatory clause is that in the face of an emergency,
an adequate NEPA review is not forgiven, although it might be post-
poned, modified, or otherwise amended to meet the specifics of the
emergency situation.

In these situations, what constitutes an emergency? A reminder of
what is not an emergency is found in the phrase often seen tacked to
office walls: “Failure to take action on your part does not constitute an
emergency on my part.” Agencies have been known to try to invoke the
emergency clause of the CEQ regulations to address their failure to
timely prepare NEPA documents because of budget delays, schedule
changes, procrastination, poor planning, or discovery of unforeseen
environmental conditions. Agencies with national security missions
have also tried to use this clause to forgo NEPA reviews when faced
with new security postures, legislative changes, or Presidential
Decision Directives related to security measures. Although perhaps
distressing to the agency, none of these situations constitute an emer-
gency as that word is used in the regulations.
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This case study looks at the emergency actions taken during and in
the wake of the Cerro Grande Fire, a major forest fire near Los Alamos
in northern New Mexico, and how the Council and the cognizant
agency (the U.S. Department of Energy) modified the related NEPA
review process. (DOE, 2000). In May 2000, the National Park Service
set a “controlled burn” to restore a meadow by removing overgrown
trees and deadwood. Unexpected high winds whipped the burn into a
raging wildfire, named the Cerro Grande Fire, which burned for sev-
eral weeks. The Cerro Grande Fire ultimately consumed over 47,000
acres of federal and private lands, becoming the largest wildfire ever
recorded in New Mexico and resulting in the greatest property loss
ever recorded in the state (approaching $1 billion). Over 200 homes
and duplexes in the small town of Los Alamos were incinerated in a
matter of a few hours, leaving some 400 families homeless. Traditional
hunting grounds and fisheries in the nearby American Indian Pueblo
of Santa Clara were destroyed. High mountain slopes in Bandelier
National Monument and the adjacent Santa Fe National Forest were
reduced to blackened stubble. Over 7000 acres of the Department of
Energy’s Los Alamos National Laboratory burned, and dozens of build-
ings were lost. In the space of less than a week the extremely severe
burn reduced tens of thousands of acres of old growth pine and spruce
to charred trunks set in glazed hydrophobic soil. The loss of vegetative
cover and soil damage on steep slopes presented a secondary flood haz-
ard that is common in burned areas.

The thickly forested, mountainous federal lands involved in the fire
are administered by the U.S. Department of Agriculture Forest Service,
the National Park Service, the Department of the Interior Bureau of
Indian Affairs, and the U.S. Department of Energy (BAER, 2000).
Although the Secretaries of Agriculture and the Interior have signed
formal interagency cooperative agreements to address firefighting and
wildfire emergency actions, the Department of Energy is not a party to
these agreements, which do not cover firefighting actions taken on
Energy lands. As is commonly the case during a large wildfire, the
Departments of Agriculture and the Interior convened an Interagency
Burned Area Emergency Rehabilitation Team to direct actions on
National Forest, National Park, and American Indian trust lands fol-
lowing the Cerro Grande Fire (BAER, 2000); although the
Department of Energy participated on the team, its lands were not
covered by the interagency agreements, and therefore its actions were
subject to the emergency provisions of NEPA.

In order for an agency to invoke the emergency provisions of NEPA, it
must gain agreement from the Council on Environmental Quality; alter-
native arrangements to the standard NEPA review are limited to those
actions necessary to control the immediate impacts of the emergency.
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During the Cerro Grande emergency, the Department of Energy con-
sulted with the Council on Environmental Quality and subsequently
published a Federal Register notice outlining emergency actions taken
in response to the fire and to mitigate flood hazards (65 F.R. 38522, June
21, 2000). Emergency actions taken on Department of Energy lands
during the fire included bulldozing several miles of firebreaks and
access roads, cutting hazard trees near buildings, lighting backfires,
and conducting emergency aircraft flight operations. The Department
conducted enhanced environmental sampling to monitor smoke, ash,
soils, and contaminant transport. Hundreds of archaeological and his-
toric properties burned on Department of Energy land, and habitat
areas of three federally listed (threatened or endangered) bird species
were affected. Following the fire, the Department took a variety of
actions to mitigate the fire conditions and to alleviate the risk of flash
flooding. These included seeding; aerial hydromulching; felling hazard
trees; replacing power poles, guard rails, and culverts; removing conta-
minated soils; building flood control weirs and channels; and stabilizing
archaeological sites. The Department acknowledged that the post-fire
actions were more likely to result in significant adverse impacts than
the actions taken during the fire.

As part of the “alternative arrangements” agreed to with the CEQ,
the Department of Energy prepared a special environmental analysis
of the known and potential impacts from wildfire and flood control
actions (DOE, 2000). The special analysis included public involvement,
although the public input was after the fact for the actions taken dur-
ing the fire. The special analysis describes the actions taken and
defines mitigation of adverse impacts of those actions. It is important
to note that this analysis does not include the impacts of the fire per
se, because while these effects are of scientific and ecological interest,
the Department did not have any control over the fire. The
Department did have control (exercise choice) over its own firefighting
and flood control measures, but because of the emergency conditions,
it did not have time to prepare an analysis of environmental impacts
prior to taking action, as is normally done in a NEPA review.

This is a classic case of an environmental emergency as envisioned
by the Council regulations; under those regulations the NEPA review
was postponed until the emergency abated. The Department of Energy
EIS-level special analysis fulfills the NEPA requirement to disclose
agency action for public scrutiny.

4.12 Discussion and Study Questions

1 Obtain several EISs. Evaluate the statements with respect to the following:

a. Format—well-organized or confusing?
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b. Content—easy or difficult to follow? Concise?

c. Readability—understandable?

d. Alternatives—viable alternatives identified and equitably treated?

e. Decision-making tool—usefulness of document in decision making?

f. Effectiveness—has NEPA been served?

2 The CEQ regulations bring many new terms to the vocabulary, and provide
definitions of others that relate specifically to the NEPA process. Define the
following terms with respect to the NEPA process:

Categorical exclusion Cooperating agency Cumulative impact
Effect Human environment Lead agency
Major federal action Mitigation Scope
Significantly Special expertise Tiering

3 Compare and contrast the following NEPA documents:
Notice of Intent (NOI) Final environmental impact state-
Environmental assessment (EA) ment (FEIS)
Draft environmental impact Finding of no significant impact
statement (DEIS) (FONSI)

Record of Decision (ROD)

4 Why does the CEQ consider the section on alternatives to be the “heart” of
an EIS? Is it considered appropriate for an agency to identify its “preferred”
alternative? Why or why not? At what step in the process?

5 An EIS may minimize the effect of adverse impacts by identifying various
mitigating measures. What assurance do we have that these measures will
indeed be carried out and are not just empty promises?

6 According to CEQ regulations, when and how does the EPA become
involved in the NEPA process?

7 How does your state government review federal EISs? Does this process
appear to be functioning as intended? Is the availability of EISs for public and
agency review, and how to obtain them, a well-known fact in your area?
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125

Elements of
Environmental Assessment

As indicated in previous chapters, environmental assessment encom-
passes varied disciplines, and consequently requires the expertise of
personnel knowledgeable in various technical areas. It is superficially
easy to lump together an admixture of elements under the heading
“problems.” While many good assessments have been performed by
persons and groups which have used little or no structure in planning
or executing the task, the development of a more rigorous structure is
highly recommended. At a minimum, a good structure will allow the
separation of cause and effect—surely critical to a good study.
Therefore, when assessing the environmental impact of a given proj-
ect, four major elements are involved:

1. Determine agency activities associated with implementing the
action or the project.

2. Identify environmental attributes (elements) representing a cate-
gorization of the environment such that changes in the attributes
reflect impacts.

3. Evaluate environmental impact [i.e., the effects of the activities (1,
above) on the attributes (2, above)].

4. Report findings in a systematic manner.

5.1 Agency Activities

A comprehensive list of activities associated with implementing the
project or action throughout its life cycle should be developed.

Chapter
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Necessary levels of detail would depend upon the size and type of proj-
ect. As an illustration, an example of detailed activities for construc-
tion is included in the matrix in Appendix C. It is easy to trivialize this
step—isn’t it obvious that an agency (or firm) knows exactly the activ-
ities which are required to complete an action? Well, this must be
answered “Yes and no.”

Most planners know the stages through which a project passes—
these are the stuff that project management charts are made of—but
exactly when, where, and how do actions such as land clearing, exca-
vation, equipment refueling and maintenance, and pest control take
place? These subtasks are those which affect the real environmental
consequences, not the stage called “preliminary site preparation,”
which might have a place in a milestone list. In construction, for exam-
ple, the input of an experienced site supervisor may be more valuable
than that of the engineer or architect in charge. The message here is
“Think more detailed!” Think actions rather than concepts.

5.2 Environmental Attributes

Consisting of both natural and human-caused factors, the environ-
ment is admittedly difficult to characterize because of its many attri-
butes (elements) and the complex interrelationships among them.
Anticipated changes in the attributes of the environment and their
interrelationships are defined as potential impacts.

An environmental assessment (EA) or environmental impact state-
ment (EIS) is prepared to characterize the environment and potential
changes to be brought about by a specific activity. Such a document is
advantageous in that it presents an organized and complete informa-
tion base for achieving the benefits intended by NEPA. In order for
this objective to become fulfilled, it is necessary that a complete
description, hence understanding, of the environment to be affected is
first achieved. A wide variety of impact assessment methodologies
have been developed (see Chapter 6), and virtually all of them employ
a categorization of environmental characteristics of some form. This
approach is recommended so that aspects of the environment are not
overlooked during the analysis phase.

DEFINITION: Variables that represent characteristics of the environ-
ment are defined as attributes, and changes in environmental attri-
butes provide indicators of changes in the environment.

All lists of environmental attributes are a shorthand method for
focusing on important characteristics of the environment. Due to the
complex nature of the environment, it should be recognized that any

126 Chapter Five

Elements of Environmental Assessment

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



such listing is limited and, consequently, may not capture every poten-
tial impact. The more complete the listing is, the more likely it will
reflect all important effects on the environment, but this may be
expensive and cumbersome to apply.

Figure 5.1 presents a general listing of 49 suggested attributes in
eight categories which comprise the biophysical and socioeconomic
environment at a generalized level. While it is felt that this list of
attributes represents a reasonable, concise breakdown of environmen-
tal parameters, it is likely to require modification or supplementation
depending upon the type of action to be assessed. Appendix B provides
details of these specific attributes, and the following sections provide
a general discussion of the eight categories.

Air

When assessing the primary resources that are needed to sustain life,
one must consider air as being one of the most, if not the most, critical
resources. What makes air quality vulnerable is that air, unlike water
or other wastes, cannot, in practice, be reprocessed at some central
location and subsequently distributed for reuse. If the air becomes poi-
sonous, the only natural alternative, if it is to sustain life, is for each
individual to wear some sort of breathing (life support) system. For
normal operating conditions this is unworkable and economically
infeasible. When emissions and unfavorable climatic conditions inter-
act to create undesirable air quality, the atmospheric environment
may begin to exert adverse effects on humans and their surroundings.
Air may be replenished through photosynthetic processes and
cleansed through precipitation, but these natural processes are limit-
ed in their effectiveness in solving contemporary air pollution prob-
lems. Hence, great care must be exercised when assessing and
maintaining the quality of air resources. It, therefore, seems self-evi-
dent that the protection of our air quality is a vital consideration when
assessing the environmental impact of diversified human activities.

To better understand why our air quality has deteriorated—and will
probably continue to deteriorate, even if the most advanced technology
developed to date is applied—one must recognize the factors responsible
for air pollution problems. Air quality is intimately connected to popu-
lation growth, expansion of industry and technology, and urbanization.
In particular, the energy use associated with these activities is increas-
ing. Since energy use and air pollution are very strongly correlated, it
seems imperative that we, as a society, examine each of our everyday
activities in light of its potential impact on the environment. In effect,
we must examine our lifestyle, at both a professional and a personal
level, to assure that the precious resource, clean air, is preserved.
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The Clean Air Act of 1970 was established “to protect and enhance
the quality of the nation’s air resources so as to promote public health
and welfare and the productive capacity of its population.” In 1971, the
EPA set forth national primary and secondary ambient air quality
standards under Section 109 of the Clean Air Act. The primary stan-
dards define levels of air quality necessary to protect the public health,
while secondary standards define levels necessary to protect the pub-
lic welfare from any known or anticipated adverse effects of a pollut-
ant. These standards are continually amended as health and
environmental risks resulting from exposure to these pollutants are
better understood and as monitoring technologies improve.

Air pollution legislation has been politically controversial because of
its impact on industry and economic growth. After 3 years of intense
legislative effort, the Clean Air Amendments of 1977 were passed.
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Additionally, the Clean Air Act Amendments (CAAA) of 1990 moved
farther still in the direction of controlling automobile emissions and
ground-level ozone. There were 11 major titles to the CAAA, including
provisions on ambient air quality standards, mobile source emissions,
hazardous air pollutants, acid rain, stratospheric ozone, and enforce-
ment. More recently, consideration has been given to air pollution on a
regional and global scale. Effects such as acid deposition, stratospher-
ic ozone depletion, and global warming are all of major concern on a
national as well as an international level and may direct the trend for
future environmental legislation.

To assess the impact of various activities on air quality, the major
elements of the air pollution problem may be examined. These are (1)
the presence of a source or “generator” of pollution, (2) a means of
transporting the pollutant to a receptor, and (3) the receptor. If any of
these elements is removed, the problem ceases to exist. When examin-
ing the sources, two types of classifications may be used: particulates,
and gases and vapors. Under the particulate category are found
smoke, dust, and fumes, as well as liquid mists. To further identify the
impact of these particulates, it may be necessary to further subdivide
them into chemical and biological classifications. Likewise, for gases
and vapors one may consider sulfur oxides, nitrogen oxide, carbon
monoxide, and hydrocarbons as hazardous toxicants.

Finally, environmental factors influence the transport mechanism of
the pollutant. The pollutant transport, or lack of it, is controlled by the
meteorological and topographical conditions. Clearly, a lower ground-
level pollutant concentration will occur on a flat, open plain under
windy conditions than in a valley under calm conditions. These factors
and situations are discussed for the air attributes listed in Appendix
B. Table 5.1 describes some of the more serious effects of air pollutants
on humans.

Not only humans are affected by air quality. Air pollution has been
definitely identified as having deleterious effects on animals, plant
life, and materials as well. A drastic reduction in air quality is bound
to severely affect the overall ecosystem behavior. Acid rain (actually an
air quality characteristic) and global warming are two air quality top-
ics discussed in Chapter 13.

Water

Water of high quality is essential to human life, and water of acceptable
quality is essential for agricultural, industrial, domestic, and commer-
cial uses. In addition, much recreation is water-based. Therefore, major
activities having potential effects on surface water are certain to be of
appreciable concern to the consumers and taxpayers. Additionally,
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developments of recent years suggest that Americans are far more con-
cerned now about water quality than they were a few decades ago.

Perhaps the political process provides the best barometer to measure
the extent of public concern about water quality. The U.S. House of
Representatives and Senate overwhelmingly enacted (over presidential
veto) the Federal Water Pollution Control Act Amendments of 1972.

The Federal Water Pollution Control Act Amendments of 1972 were
further amended in 1977. The amendments to the act were then termed
the Clean Water Act of 1977. The 1977 changes to the Federal Water
Pollution Control Act were “mid-course corrections” to the previous pro-
visions of the act. The Clean Water Act provides the primary authority
for water pollution control programs, and the act is periodically amend-
ed by Congress to incorporate contemporary national concerns.

Potential impacts on surface water quality and quantity are certain to
be of concern in assessment of the effects of many federal programs.
Almost any human activity offers the potential for impact on surface
water through generation of waterborne wastes, alteration of the quan-
tity and/or quality of surface runoff, direct alteration of the water body,
modification of the exchanges between surface and groundwaters
through direct or indirect consumption of surface water, or other causes.

The hydrologic environment is composed of two interrelated phases:
groundwater and surface water. Impacts initiated in one phase even-
tually affect the other. For example, a groundwater system may charge
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TABLE 5.1 Effects of Some Major Air Pollutants on Humans

Pollutant Effect

Carbon monoxide Combines with hemoglobin in blood, displacing the vital
oxygen that hemoglobin normally transports, thereby
reducing the oxygen-carrying capacity of the circulatory
system. Results in reduced reaction time and increased
burden on pulmonary system in cardiac patients.

Photochemical oxidants Nitrogen oxides react with hydrocarbons in the presence of
sunlight to form photochemical oxidants; cause eye, ear,
and nose irritation; and adversely affect plant life.

Hydrocarbons Combine with oxygen and NOx to form photochemical
oxidants.

Nitrogen oxides Form photochemical smog and are associated with a
variety of respiratory diseases.

Sulfur oxides Associated with respiratory diseases and can form
compounds resulting in corrosion and plant damage.

Particulate matter Injures surface within respiratory system, causes
pulmonary disorders and eye irritation, and creates
psychological stress. Results in economic loss from surface
material damage.
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one surface water system and later be recharged by another surface
water system. The complete assessment of impact dictates considera-
tion of both groundwater and surface water. Thus, pollution at one
point in the system can be passed throughout, and consideration of
only one phase does not characterize the entire problem.

Due to the close interrelationship between surface and groundwa-
ters, most environmental attributes inevitably interface. Hence, aside
from those aspects dealing specifically with surface or subterranean
features, the attributes may be considered as applicable to both. Many
attributes of the aquatic environment could be viewed as being physi-
cal, chemical, or biological in nature.

Physical attributes of surface water can be categorized as relating to
either the physical nature of the water body or the physical properties
of the water contained therein. Examples of individual parameters in
the former category include the depth, velocity, and rate of discharge
of a stream. Features of this type might be influenced by major activ-
ities, such as withdrawal of water, dredging, and clearing of shoreline
vegetation.

The other category of physical characteristics—those related to the
water itself—includes water characteristics such as color, turbidity,
temperature, and floating solids. Many types of activities could influ-
ence the physical properties of water. A few examples are clearing of
land and construction of parking lots, roads, and even rooftops (which
concentrate runoff and may accelerate erosion, flooding, and sedimen-
tation), discharge of scale-laden boiler waters, and discharge of cooling
waters. Some other quality aspects which could be included in this cat-
egory are dissolved gases and tastes and odors, which are actually
manifestations of chemical properties of water. This serves to illus-
trate the occasional difficulty in strict categorization of attributes in
the water environment.

Chemical attributes could be categorized conveniently as organic or
inorganic chemicals. Some inorganic chemicals (like cadmium, lead,
and mercury) may have grave consequences to human health; some
(notably phosphorus and dissolved oxygen) have severe effects on the
water environment, while others (such as calcium, manganese, and
chlorides) relate mainly to the economic and aesthetic value of water
in commercial, industrial, and domestic uses.

Normal personal use of water increases the concentration of many
inorganic chemicals in water. Additionally, almost any type of indus-
trial activity and land drainage is a source of chemicals. Because of the
hundreds of thousands of organic (carbon-based) chemicals produced
both naturally and by humans, most of the attributes contained in the
organic chemical category are “lumped parameters.” Examples include
biochemical oxygen demand (BOD), oil, and toxic compounds. Some
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organic compounds are natural constituents of surface drainage and
human and animal wastes, while others are unique to industrial activ-
ities and industrial products.

Biological attributes of the water environment could be categorized
conveniently as either pathogenic agents or normal aquatic life.
Pathogenic (disease-causing) agents include viruses, bacteria, proto-
zoa, and other organisms, and they originate almost exclusively from
human wastes. Aquatic life refers to the microorganisms and micro-
scopic plants and animals, including fish, which inhabit water bodies.
They are affected directly or indirectly by almost any natural or
human-made change in a water body.

It is difficult to conceive of an alteration of surface water quantity or
quality which is not accompanied by secondary effects. The physical,
biological, and chemical factors influencing water quality are so inter-
related that a change in any water quality variable triggers other
changes in a complex network of interrelated variables. Thus, while
individual water quality and quantity parameters may seem far more
amenable to quantitative expression than parameters describing the
quality of other sectors of the environment, the total effect of a partic-
ular impact on surface water may be as intangible as those on any sec-
tor of the total environment, because of the complex secondary,
tertiary, and higher-order effects.

Land

Considering both the physical makeup and the uses to which it is put,
land constitutes another important category of the environment. The
soil that mantles the land surface is the sole means of support for vir-
tually all terrestrial life. As this layer is depleted by improper use, so
is the buffer between nourishment and starvation destroyed.
However, the ability of soil to support life varies from place to place
according to the nature of the local climate, the surface configuration
of the land, the kind of bedrock, and even the type of vegetation cover.
At the same time, the vulnerability of soil to destruction through mis-
management will vary as these factors change. Cultivated soils on
slopes greater than 6 percent, or those that developed on limestone,
are prone to erosion; soils in arid climates are sensitive to degradation
by excessive salt accumulation. On the other hand, those in the trop-
ics may quickly lose their plant nutrients by exposure to the abun-
dant rainfall of those areas.

Soil serves well as an example of an interface between the three
great systems that comprise the earth sciences: the lithosphere, the
atmosphere, and the hydrosphere. The biosphere also operates in this
interface, but it is usually considered to comprise the life sciences. For
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purposes of this discussion, the lithosphere consists of the various
characteristics of landforms (slope, elevation, etc.), landform con-
stituent materials (substratum), and the weathered layer, or soil. In
the case of the atmosphere, the main elements are those that describe
its state of temperature, moisture, and motion—or, in a word, climate.
With regard to the hydrosphere, the principal concern will be with
water flowing over the land surface or in streams.

Climate profoundly influences the nature of site characteristics,
such as soils and vegetation. Soil stability, to a substantial degree, is
the result of the interaction of rainfall and temperature with the local
rock types. The rate of soil erosion, other things being equal, will
depend upon the amount and intensity of rainfall. The details of the
site climate must be known before an adequate environmental impact
assessment can be made.

Climates are commonly identified and described by the total annual
amount of precipitation and its seasonal distribution and by tempera-
ture and its seasonal distribution. Climatic types may be described as
warm-humid, cool-humid, cool with summer droughts, arid, semiarid,
and so on. There are additional descriptive elements of climate that
are important in causing substantial differences within any one cli-
matic type. Some of these include probability of maximum rainfall
intensity, probability of drought, length of growing season, wind inten-
sity, and the kind and frequency of storms.

The preparer of an environmental impact assessment or statement
should be aware of the local landform type and its constituent materials.
This information will enable him or her to more quickly evaluate the
potential hazards of his or her activity upon the local physical environ-
ment. For example, slope erosion problems should be slight in plains
areas with low relief. Areas underlain by soft limestone must always be
treated cautiously with respect to groundwater pollution, due to the like-
lihood of solution channels in the rock strata.

Landform types are based upon only two descriptive characteristics
of topography: local relief and slope. Other important properties are
pattern, texture, constituent material, and elevation. These, along
with local relief and slope, can be used to identify landforms with a
considerable degree of precision.

However, the above define the landform system only at a given
moment of time. Landforms are not static, but are continually chang-
ing (i.e., the landform system is dynamic since landforming processes
are continuously at work, although the rate at which they operate
varies from place to place). The factors that influence process rate
include some of the attributes of landforms, as well as the attributes
of climate and biota. Figure 5.2 shows one way of illustrating this com-
plex system.
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From the above relationships, it is evident that landform evolution
can also be considered important. Among the more important process-
es are weathering (disintegration and decay of rock), stream and wind
erosion (removal of weathered debris by those forces), mass wasting
(direct removal of weathered material by gravity), deposition (the ces-
sation of movement of the entrained rock debris), and soil formation
(those processes of weathering that give soils their distinctive region-
al characteristics). It is also evident that human activity is an impor-
tant factor in changing the rate of process operation. This is done by
modifying the land surface—changing the vegetation or destroying it;
by plowing or otherwise disturbing the soil; by paving, construction, or
otherwise sealing the surface; by changing the chemical or physical
equilibrium in the soil; and by other actions. Through these actions,
we reduce the natural resistance of the physical environmental system
and permit the physical processes to operate at accelerated rates—
with respect not only to one attribute, but to many.

As a typical historical example, one might consider the Piedmont
region of the southeastern United States, where the interaction of soils,
slope, and climate and the introduction of clear field cultivation of cot-
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ton and tobacco led to widespread destruction of the physical setting.
The bare, gentle to moderate slopes, combined with the clay-rich mid-
dle layers of the local soils and the extremely heavy late summer and
fall precipitation associated with hurricanes, created circumstances of
exceedingly rapid soil erosion. The intense runoff quickly formed gul-
lies in the surface layers which spread laterally, stripping off the soil.
Once gullies were eroded through the midlayers, they deepened and
lengthened rapidly, the water table was lowered, and the potential
plant growth was thereby diminished. The process continued, with
damage spreading to all parts of the system, and eventually returning
to humans with a vengeance. The vegetation was impoverished, the
wildlife destroyed, and the streams were polluted with excessive sedi-
ment. This process was advanced enough that land abandonment in
the Piedmont began more than 150 years ago, before the middle of the
nineteenth century, and continued through the 1950s.

All social and economic activities are located in time and space;
therefore all physical problems have a socioeconomic component, just
as all socioeconomic problems have biological and physical aspects.
The spatial or locational aspects of human activities involve land in
some way. Thus, land is a resource (i.e., it is useful in the production
of goods and services needed to satisfy human wants and desires).

Land may be used directly, as in agriculture or forestry, where pro-
duction depends partly on the inherent capability of the soil, and where
land serves to locate the activity in space. Or, land may mainly provide
the locational base upon which all sorts of commercial structures, trans-
portation, and communication facilities or residential housing are built,
and on which every sort of social and economic activity takes place.

Our activities mainly affect the availability or suitability of land for
certain uses and thus land-use patterns. The activities may have neg-
ative or positive repercussions of varying magnitude on the local or
regional economy, on community social or cultural patterns, or on the
biophysical characteristics of the land itself, depending on the nature
and extent of the activity. For instance, increases in the number of
employees, due to a major federal action, may cause shortages of
presently available rental housing, followed by rent increases.
However, increased housing demand may stimulate residential and
related construction requiring more land, thus having some beneficial
economic effects. Similarly, increased local consumption of meat, dairy
products, or fresh fruit and vegetables, due to the influx of new popu-
lation, may encourage more intensive grazing and truck farming, with
possible resulting beneficial or detrimental changes in land-use pat-
terns. An unplanned, sudden population increase may tax the capaci-
ty of local indoor or outdoor recreational facilities beyond design
limits, sometimes to the detriment or destruction of these resources, or
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force the conversion of wild lands to parks, and older parks to more
highly developed recreational areas.

Some activities can affect the present or potential suitability of land
for certain uses, rather than its availability. For example, the estab-
lishment of an industrial complex near a residential area would seri-
ously limit the use of the adjacent land as a school site or for additional
housing. On the other hand, where the adjacent land is being used for
heavy industry, sanitary landfill, or warehouses, its potential would be
much less affected. Thus, the ramifications of the proposed project may
reach far beyond the perimeter of the project area in diverse ways.

Ecology

Ecology is the study of the interrelationships among organisms
(including people) and their environment. Based upon this definition,
all the subject areas discussed in this section would constitute a part
of the overall category of ecology. In the context of this discussion, how-
ever, the category is utilized to include those considerations covering
living animal and plant species.

Interest in plant and animal species, especially those becoming less
common, prompted the beginnings of modern environmental concern in
the mid-1950s. The general recognition that society was seriously dis-
turbing organisms in the ecosystem without intending to do so caused
ripples of concern, disbelief, and protest which are still with us. While it
has always been recognized that many species have been crowded out of
their habitats, and that others have been deliberately exterminated, the
gradual comprehension of the fact that humans were unknowingly
killing many entire species, such as by indiscriminate use of broad-spec-
trum pesticides, came as a distinct shock to the scientific community.
Even greater public controversy was generated by citizen groups that
actively pressured governmental agencies to enact legislation to prevent
recurrence of such widespread detrimental impacts. The present legis-
lation requiring assessment of likely effects before initiation of a proj-
ect,is an outgrowth of these movements of the 1960s.

It is generally agreed that an aesthetically agreeable environment
includes as many species of native plants and animals as possible. In
many ways, one may measure the degradation of environments by not-
ing the decrease in these common wildlife species. Since many types of
outdoor activities are based directly on wildlife species, there may be
economic as well as moral and aesthetic bases for maintaining large,
healthy populations. The values derived from hunting and fishing
activities are the difference between existence and relative affluence
for many persons engaged in services connected with these outdoor
recreational pursuits.
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In considering the impact of human activities on the biota, it can be
determined that there are at least three separable types of interests.
The first, species diversity, includes the examination of all types and
numbers of plants and animals considered as species, whether or not
they have been determined to have economic importance or any other
special values. The second general area, system stability, is basically
concerned with the dynamics of relationships among the various
organisms within a community.

A third important area, managed species, deals with the agricultural
species and those nondomesticated species known to have some recre-
ational or economic value. The wild species are usually managed by
state or other conservation departments under the category “wildlife
management.” Agricultural species have economic and cultural value,
and their close ties to human needs may cause extraordinarily acute
controversy if effects on agriculture are likely, especially if the quality
or safety of the human food supply appears threatened.

All the areas in ecology are very difficult to quantify, often being
almost impossible to present in familiar terms to scientists of other
disciplines. Furthermore, there are literally millions of possible path-
ways in which interactions among the plants, animals, and environ-
ment may proceed. To date, even those scientists knowledgeable in the
field have been able to trace and analyze only a small minority of
these, although thousands more may be inferred from existing data.
Thus, many impacts predicted cannot be absolutely verified. Other
interactions are probably correct by comparison with known cases
involving similar situations, while many more are simply predicted on
the basis of knowledge and experience in a broad range of analogous,
although not closely similar, systems.

The question of chance effects is also an important one in ecology. One
may be able to say that the likelihood of serious impact following a cer-
tain activity is low, based on available experience. This is definitely not
the same as saying that the impact, if it develops, is not serious. The
impact may be catastrophic, at least on a regional basis, once it devel-
ops. When one works with living organisms, the possibility of spread
from an area where little chance of damage exists to one in which a
greater opportunity for harm is present is itself a very real danger. The
vectors of such movement cannot be predicted with any accuracy; how-
ever, the basic principles best kept in mind are simple enough. Any
decrease in species diversity tends to also decrease the stability of the
ecosystem, and any decrease in stability increases the danger of fluctu-
ations in populations of economically important species.

Many other scientific disciplines are often closely related to ecology.
When the question of turbidity of water in a stream is examined, for
example, it will be found that this effect not only is displeasing to the
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human observer but has ecological consequences also. The excessive tur-
bidity may cause eggs of many species of fish to fail to develop normally.
It may even, in extreme cases, render the water unsuitable for the very
existence of several species of fish. The smaller animals and the plant life
once characteristic of that watershed may also disappear. Thus, the tur-
bidity of the water, possibly caused by land-clearing operations in the
stream watershed, may have effects ramifying far beyond the original,
observed ones. Similarly, almost all effects which are observed relating to
the quality of water will also have some ecological implications, in addi-
tion to those already of interest from a water supply viewpoint.

Since it was the observation of damage to the biological environment
that helped to initiate the “environmental awareness” juggernaut of
the 1960s, we must recognize that there is almost no activity which
takes place that does not have some ecological implications. These may
be simply aesthetic in nature, damaging the appearance of a favorite
view, for example. They may also be symptoms of effects which could
possibly be harmful to humans if ignored, such as pesticide accumula-
tion in birds and fish. If we are to view the area of biology, or ecology,
in perspective, we must realize that it includes a wide variety of mes-
sages to us. These should be interpreted as skillfully as possible, if our
future is to be assured.

Sound

Noise is one of the most pervasive environmental problems. The
“Report to the President and Congress on Noise” indicates that
between 80 and 100 million people are bothered by environmental
noise on a daily basis and approximately 40 million are adversely
affected in terms of health (U.S. EPA, 1971). Relative to the occupa-
tional environment, the National Institute for Occupational Health
and Safety (NIOSH) estimated the number of noise-exposed workers
in the U.S. to be approximately 26 percent of the total production
workforce (Sriwattanatamma and Breysse, 2000).

Since noise is a by-product of human activity, the area of exposure
increases as a function of population growth, population density,
mobility, and industrial activities. Figure 5.3 shows the range of sound
levels for some common noise sources. The most common sources of
noise include road traffic, aircraft, construction equipment, industrial
activity, and many common appliances.

Road traffic continues to be the largest contributor, and trends indi-
cate that the problem will worsen because traffic is extending into week-
end and evening hours and into rural and recreational areas. In 1990,
the average passenger car traveled 10,280 miles during the course of the
year, and by 1997, the average distance had increased to 11,575 miles
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per year (CEQ, 1997). Additionally, truck transportation has tradition-
ally grown at a faster rate than the general population. For example, a
total of 33.6 million trucks were registered in the United States in 1980.
That number grew to 45.5 million in 1989, an increase of about 35 per-
cent (Suter, 1991). Noise from the motors and exhaust systems of large
trucks provides the major portion of highway noise impact, and in the
city, the main sources of traffic noise include the motors and exhaust
systems of automobiles, smaller trucks, buses, and motorcycles.

Options for managing noise pollution include increased restrictions
on noise emissions, promotion of quieter products, traffic manage-
ment, building insulation and noise barriers, and appropriate land-use
planning. In the case of transportation systems, most options for
reducing noise pollution are also consistent with energy conservation
goals, and careful design planning can resolve conflicts between noise
emissions and energy consumption for transportation. Concerning air-
craft noise, in 1990 the FAA began a phased elimination of civil, sub-
sonic aircraft weighing over 75,000 pounds flying into or out of
airports in the United States by December 31, 1999. In 1995, FAA esti-
mated a decline of over 75 percent in individuals exposed to day-night
noise levels greater than 65 decibels since 1975 (CEQ, 1997).

Research into the physiological effects of noise indicates these con-
clusions: The body does not become physiologically accustomed to
noise, and even after several years’ exposure, the heart remains
responsive; an average level of external noise under 45 dB(A) is
required to avoid sleep disturbances; a high noise level in residential
areas is positively correlated to higher rates of hypertension and con-
sumption of sleep medications; long-term exposure to noise over 80
dB(A) presents an increased risk for hypertension; noisy environments
interfere with the development of communicative and auditory ability
in children (OECD, 1986).

The health effects of noise are substantial. It was reported that 50
to 70 percent of the United States’ population is annoyed by noise on a
daily basis (U.S. EPA, 1971); the resulting social and psychological
stresses are of major concern to the scientists and planners. The impli-
cated health-related effects due to noise include

1. Permanent or temporary hearing loss

2. Sleep interference

3. Increased human annoyance

4. Communications interference resulting in reduced efficiency

5. Impairment of mental and creative types of work performance

6. Possible increase in usage of drugs like sleeping pills as a method
of adaptation to noise stress (Bragdon, 1972).
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Hearing loss is one of the most obvious effects of excessive exposure
to noise. The first stages of noise-induced hearing loss, however, are
often not recognized because they do not impair speech communication
ability, and often the impairment can reach the handicapping stage
before an individual is aware of any damage (Berglund and Lindvall,
1995). In addition, as the median age of the population is increasing,
the loss of hearing which often accompanies age will be aggravated by
higher noise levels. According to the U.S. Public Health Service (U.S.
PHS, 1991), approximately 10 million of the estimated 21 million
Americans with hearing impairments owe their losses to noise expo-
sure (Suter, 1991).

Noise is also one of the most common forms of sleep disturbance and
is regularly reported as a source of annoyance, stress, and dissatisfac-
tion (Job, 1996). Exposure to noise can cause sleep disturbance in
terms of difficulty in falling asleep, alterations of sleep patterns or
depth, and awakenings. These effects are referred to as primary sleep
disturbance effects. Exposure to nighttime noise can also induce sec-
ondary effects such as reduced perceived sleep quality, increased
fatigue and annoyance, and decreased performance (Berglund and
Lindvall, 1995). Although people often believe that they get used to
nighttime noise, physiological studies have shown that while the sub-
jective response improves with time, cardiovascular responses remain
unchanged (Suter, 1991).

Damage to physical objects is another important consideration. Many
natural and human-made features in the environment have become
increasingly vulnerable to an ever-expanding technology, of which noise
is a by-product. Damages associated with noise exposure include

1. Structural impairment

2. Property devaluation

3. Land-use incompatibility

This concern may be supported by considering the damages which
have been sought by various plaintiffs for transportation noise
(Bragdon, 1971). Figure 5.4 summarizes these and other impacts on
human activity.

It has already been noted that noise may affect human health and
land-use integrity. If a noise has an adverse impact on human physi-
cal and mental health, it is likely that the ecosystem (specifically ani-
mal life in an exposed area) is also being affected. Chronic noise
annoyance and distraction may lead to (1) human error in handling
and disposal of hazardous materials, thereby potentially affecting
land, air, and water quality, as well as (2) disrupting harmonious social
interaction by creating minor upheavals and disagreements.
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On the other hand, because noise restricts the scope of land use, it
also tends to depreciate the value of affected property, including unde-
veloped as well as developed land. Therefore, the impact of noise may
be far-reaching, having a potentially significant impact on nearly
every other environmental area.

An environmental assessment needs to describe the proposed activ-
ities and provide details about possible changes (either adverse or ben-
eficial) in the noise environment. This description can be obtained
with the following steps:

1. Classify all land within the area of interest into the following use
categories:
a. Industrial/commercial
b. Residential
c. Special—schools, hospitals, churches, parks, etc.

2. Plot the land-use data on an appropriately scaled map. Select
acoustic criteria for different land uses.

3. Generate day-night average sound levels (Ldn) contours for each
source.

4. Overlay a transparent sheet on the land-use map, locate each noise
source, and plot its contours using the same scale as the land-use
map. Computer-based geographic information systems are com-
monly used for these calculations and to prepare the contours. The
contours should begin at the nearest residence, school, hospital, or
other noise-sensitive area and extend outward in 5-dB zones until
the affected area is covered.
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5. Combine the noise contours for the different sources to obtain a
composite contour. Identify affected areas and then compute sound
level weighted population based upon the concept that some annoy-
ance begins at 35 Ldn values, with increasing reaction as the sound
level intensifies. (See Appendix B under Sound for explanation of
dB, Ldn, and Leq.)

Using existing analytical models and databases, noise levels can be
estimated for proposed project activities. Duration and intensity of
noise levels generated are important, and so is the population exposed
to different levels. Equivalent population response representing popu-
lation-weighted measures of the severity of the noise impact can then
be computed. Details of these computations are beyond the scope of
this text; excellent examples are provided by Goff and Novak (1977).

High-amplitude impulse noise (typically less than 1 second) is char-
acteristically associated with a source such as sonic boom, piledrivers,
blasts, artillery, and helicopters. Noise level measurement and deter-
mining human response and environmental impact due to impulse
noise are complex issues. Further information about this is provided in
Appendix B.

Human aspects

People everywhere react to situations as they define them, and if one
defines a problem as real, then that situation is real in its conse-
quences. This tendency has become a principle of advertising, public
and community relations, and “image management.” The fact that sci-
entists and engineers think a solution of their own requirements is
perfectly rational, economic, and altogether good may be beside the
point. If that solution provokes a public controversy because numerous
people and organizations believe it threatens a certain quality of life
which they value, then the consequences will be real. The “facts”
depend greatly upon who is perceiving them. Hence, there is the great
practical importance of sociopsychological thinking by environment-
conscious planners and managers.

Environment is surroundings. Social environment is people sur-
roundings: human beings and their products, their property, their
groups, their influence, their heritage. Such are the surroundings of
almost any undertaking. There is no one social environment; there are
many. Each event—the construction of a major facility, a reservoir, or
a power project, proposed legislation, etc., as long as it is at a different
place or time—has its own social environment, its own surroundings.

The effects of a project or plan on people and people’s responses may
be direct and immediate or remote and attenuated. But it is likely that
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people are somehow, sooner or later, implicated. And this is apt to be the
case even if an activity occurs on a deserted island, miles from human
habitation, and the action is triggered by electronic push buttons.

Prerequisite to any rational assessment of human impacts and
responses is an inventory and depiction of the relevant social environ-
ment. It applies equally well to a wide variety of event-environment
situations, and some straightforward observation and fact gathering is
all that is necessary.

First, the location of the event itself is established. This can be done
on a map having lines and boundaries that have been established by
law (town, city, county, state). Location can also be described in terms
of topography and physical dimensions: near a river, on a hill, two miles
from a freeway, etc. Both means of placing the event may be necessary.

A place (with its people) may be a community or a neighborhood; on
the other hand, it may be only a settlement, housing people who have
so little in common that they constitute neither a neighborhood nor a
community. It is important to learn just what kind of place, socially
and politically, one is dealing with. To this end, more questions must
be investigated.

Having located the place, the next question is: What are the place’s
resources upon which people have become dependent? What are the
hopes and prospects which they hold dear? This part of environmental
description calls for some of the same knowledge that is generated by
those who analyze biological and physical environments—the conditions
and the resources of the earth, water, air, and climate. The student of
social environment, however, is concerned with these things only to the
extent that people have come to value them, use them, and require them.
This extent and its consequences may both be considerable. People are
inclined to fear that their way of life will be damaged or disrupted if the
resource base is altered. Their fear is quite understandable.

People, place, and resources, each element acting on the others, pro-
duce land uses. A land use is literally the activity and the purpose to
which a piece of land—a lot, an acreage, an acre—has been put by peo-
ple. Uses are mapped and analyzed by many environmental scientists,
business people, and public officials. Patterns and changes in land use
are identified as a basis for locating stores, highways, utilities, and
schools. Millions of dollars (or political fortunes) can be lost or made as
profits or tax revenues on accurate predictions of land-use trends—from
agricultural to residential or from industrial to unused, for example.

Like many things in society, land uses are never completely stable, and
they may change very rapidly. It all depends on what is happening to the
people—their numbers, their characteristics, their distribution—and to
their economy and technology. Therefore, the person assessing environ-
mental impacts, who wants to predict outcomes and weigh alternatives,
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must know the land-use patterns and population trends of one or more
places. At the same time, he or she must figure the economic dimension
of the social environment. (In this connection, note the attributes classi-
fied as economics.)

So far in this brief account, only what teachers and research scien-
tists call “human ecology” has been introduced. But that is only half of
the social environment. Project managers must also assess the political
realities of the place in which they would locate their projects and their
activities. For engineers, especially, this seems to be difficult. They are
used to thinking and working with physical things and with tools from
the physical sciences. They strive to identify the “correct” answer, as
defined in terms of time and costs. Social considerations are not their
forte. Nevertheless, engineering managers and decision makers today,
as never before, must reckon with human stubbornness and controversy.
This is to say, they must anticipate and calculate the political reactions
which their work is bound to produce. And they will engage in social
engineering insofar as they act upon these considerations.

Because the essential ingredient of politics is power, and power is
generated in organizations of people, the wise planner/manager will
ask, “What are the organizations in this place, or with a stake in it,
that I must reckon with?” State and local governments, business cor-
porations, property owners’ associations, environmental groups, fami-
lies; these are some of the kinds of organizations that may be present.
How big are they? How powerful and influential are they? How is their
policy making done—by what persons and what procedures? Have
they enacted laws or regulations that could or should affect major proj-
ects? Local and state government land use plans, zoning regulations,
and building codes are examples.

An organization may react favorably, unfavorably, or neutrally. The
position an organization takes, as well as its capacity to generate
broader support for its policy and to execute it successfully, will depend
upon whether and how its members and its public believe their quality
of life will be affected by the proposed new project. Finally, communi-
ty needs (the overall effects on the local community and public facili-
ties operation) change with changes in the population, human
resources, and community facilities. As such, these needs deal with
potential effects on local housing, schools, hospitals, and local govern-
ment operations.

Economics

Measurement of economic impact may be as simple as estimating
the change in income in an area, or as complicated as determining the
change in the underlying economic structure and distribution of
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income. Generally, effects may be examined for impact on conditions
(income, employment) or structure (output by sector, employment by
sector). These effects may be measured as impacts on the stock of
certain resources or the flow of an economic parameter. We will dis-
cuss briefly the value of assets (stock), employment, income, and
output as categories of variables.

Community or regional assets may be affected by project activity, and
these assets may or may not be replaceable. The change in value of land
and natural resources is an indicator of change in the stock or quantity
of certain resources—for example, minerals—which are used in the con-
duct of social and economic activities. The category of land and natural
resources which are not readily replenished by additional economic
activities includes coal, a natural resource which, once mined and uti-
lized, cannot be replaced. This category of economic change is important
to decision makers because the extent to which the quantity of irre-
placeable resources is changed will become increasingly more contro-
versial as real or feared shortages of these resources develop.

The value of structures, equipment, and inventory is an indicator of
change in the stock or quantity of resources such as buildings, trucks, or
furniture which are used in the conduct of human social and economic
activities. This group of resources represents capital stocks that are
replaceable by additional economic activity. For example, it might be
possible to reconstruct a building elsewhere if it were rendered useless
by project activity. If proposed rule making were to make some vehicles
obsolete, replacement with other, newer alternatives might be possible.

Total employment effects relate to all full-time and part-time
employees in a region, on the payroll of operating establishments or
other forms of organization, who worked or received pay for any part
of a specified period. Included are persons on paid sick leave, paid hol-
idays, and paid vacations during the pay period. Officers of corpora-
tions are included here as employees. Total employment can be
affected by direct demand for services to perform a specified task or by
indirect demand and secondary and tertiary activities that affect the
requirements for goods and services.

Total income for a region refers to the money income of people
employed in the conduct of economic activities in the region. This
income normally comes from salaries and wages paid to the individu-
als in return for services performed. Included are incomes from social
security, retirement, public assistance, welfare, interest, dividends,
and net income from property rental. Incomes are most easily affected
by changes in purchasing patterns in the region. The magnitude of a
project’s potential effect is related to the extent to which purchases of
goods and services in the region are significant and will increase or
decrease.
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Output can be defined as goods and services produced by sectors of
the economy in the region. Indicators of regional output are (1) value
added to a product as a result of a manufacturing process, (2) gross
receipts for service industries, (3) total sales from the trade sector, and
(4) values of shipments. Output can be affected by direct and indirect
expenditure and employment changes.

Other areas of potential impact relate to income distribution, the
distribution of production by sector, governmental expenditures, and
revenue collections by governmental units. The possible impact cate-
gories are extensive, and this brief introduction touches on a few of the
more widely recognized areas.

Resources

The United States entered a new era of its history in the early 1970s.
Supplies of many commonplace items, such as meat, building materi-
als, and gasoline, fluctuated from adequacy to virtual nonavailability
in many sections of the country. The period beginning in the early
1970s has been termed “the era of shortages” by many commentators
surveying the American scene.

The rampant gas and oil shortage came as no surprise to experts in
the economic and energy fields, but for the first time, the American
public became aware that the question of energy supply could dra-
matically affect the quality of day-to-day life. Federal agencies experi-
enced cutbacks in allocations for fuel and petroleum products. Interest
in energy conservation was stimulated as a result of these shortages;
magazine articles, news broadcasts, and newspapers pointed out ener-
gy conservation methods, presented information on energy supply, and
exposed many groups involved with wasteful practices.

The energy situation was not the only concern resulting from the
shortages experienced in 1973 and 1974. Increasing realization of the
fact that many of our domestic mineral resources are rapidly
approaching depletion has prompted renewed interest in the search
for new materials which could be substituted for heavily affected
resources. In addition, the question of obtaining raw materials has
generated concern. The United States’ increasing dependence on for-
eign sources for petroleum, minerals, and other nonrenewable critical
resources, along with concern for the balance of payments and
national security, has increased interest in conserving and recycling
resources, and has renewed the search for alternative sources of ener-
gy. The most apparent example in the search for alternative fuels is
that for petroleum-powered vehicles. The U.S. DOE reported that the
use of alternative and replacement fuels doubled from 1992 to 1998
(U.S. DOT, 1999).
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Environmental quality is directly linked with the use and procure-
ment of energy. The continued degradation of air and water resources,
the irrevocable loss of wilderness areas, and land-use planning dilem-
mas are problems which must be dealt with in the development of
resources. Environmental considerations delayed the construction of the
Alaskan pipeline and have delayed or totally stopped many offshore
drilling projects and power plants. Air pollution resulting from emis-
sions from the combustion of fossil fuels in engines and furnaces is also
another cause for concern. Even such “safe” emissions as carbon dioxide
have been implicated as “greenhouse gases,” possibly contributing to cli-
matic change (see Chapter 13). The necessity of providing a safe and
healthful environment is another motive for the development of alter-
nate energy sources which are also nonpolluting.

Another environmental characteristic which may be thought of as a
resource is the aesthetic component. Although difficult to measure or
quantify, the environment, as apprehended through hearing, sound,
sight, smell, and touch, is important to everyone, although each indi-
vidual perceives and responds to this environment differently. Project
planners today are faced with increased pressures not only to incorpo-
rate functional engineering and cost aspects but also to include aes-
thetic considerations in every planning activity.

5.3 Determining Environmental Impact

The distinction between “environmental impact” and “change in an
environmental attribute” is that changes in the attributes provide an
indication of changes in the environment. In a sense, the set of attri-
butes must provide a model for the prediction of all impacts. The steps
in determining environmental impact are

1. Identification of impacts on attributes

2. Measurement of impacts on attributes

3. Aggregation of impacts on attributes to reflect impact on the
environment.

With and without the project

The conditions for estimating environmental impact are measurement
of attributes with and without the project or activity under considera-
tion at a given point in time. Figure 5.5 indicates the measure of an
attribute with and without an activity over time.

Consideration of the potential for impact if no action is taken, that is,
maintaining the status quo, is called the no-action alternative. Figure 5.5
shows how the concept of no action is used. The dashed line shows the
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condition of a hypothetical environmental attribute prior to taking action
(i.e., the affected environment). While affected environment describes the
condition of the environment when the action is proposed to take place,
the environment will not remain static over time. For the purposes of
this figure, the condition of the environmental attribute at the time of the
proposal is projected as the dashed line, although in actuality the line
would reflect change over time, or environmental trends. In Fig. 5.5 the
bottom solid line shows the degree to which the environment would be
expected to change over time if no action were taken. However, if a hypo-
thetical “proposed action” were implemented, shown as the heavy line in
Fig. 5.5, the impact would be the degree of change over time if the action
were taken, compared to the condition of the environment over the same
span of time if the action were not taken (the impact would not be the
comparison between the proposed action over time compared to the
ambient environment prior to the point of action). For other alternatives,
shown in the figure by the heavy dotted line for Alternative X, either the
comparison can be to the impacts of the proposed action (as shown in the
figure), or all alternatives can be compared to the no-action alternative.
Both approaches are used; the only caution is to be consistent through-
out the analysis and explain clearly which approach is used. Note that in
some cases legislation or a court may require that an agency pursue
some specific action. In this case, the preparer should describe the con-
sequences of not taking the action, and note that this alternative, if
implemented, would not fulfill the requirements of the law.
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action.
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This concept of impact is used to avoid problems of comparing the
present measure (without the activity) with the future measure (with
the activity). The difficulty is that data for a “with activity” and “with-
out activity” projection of impacts are difficult to obtain, and results
are difficult to verify. However, several well-established forecasting
techniques are available for establishing the “without” project condi-
tion, based on assumptions made for alternative futures. Quantifiable
attributes, especially, can be forecast using past data and mathemati-
cal trend forecasting techniques (IWR, 1975).

Identifying impacts

The list of environmental attributes that might be evaluated is practi-
cally infinite because any characteristic of the environment is an
attribute. Therefore, it is necessary to reduce the number of attribut-
es to be examined. Duplicative, redundant, difficult to measure, and
obscure attributes may be eliminated in favor of those that are more
tractable. This procedure is valid only if the remaining attributes
reflect all aspects of the environment. This means that some attributes,
even if difficult to measure or conceptualize, may remain to be dealt
with. Thus, identification of impacts is based on review of potentially
affected attributes to determine whether they will be affected by the
subject activity.

Baseline characteristics

Conditions prior to the activity. The nature of the impact is determined
by the conditions of the environment prior to the activity. Base data are
information regarding what the measure of the attributes would be (or
is) prior to the activity at the project location. Because the measure-
ment and analysis of environmental impact cannot take place without
base data, identifying the characteristics of the base is critical.

Geographic characteristics. There may be significant differences in
impact on attributes for a given activity in different areas.
Geographical location is, therefore, one of the factors that affects the
merit or relative importance of considering a particular attribute. For
example, the impact of similar projects on water quality in an area
with abundant water supplies and the impact in an area with scarce
water resources would differ significantly. The spatial dispersion of
different activities introduces one of the difficult elements in compar-
ing one activity and its impact with another.

Temporal characteristics. Time may also pose problems for the impact
analysis. It is essential to ensure that all impacts are examined over the
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same projected time period. Furthermore, to adequately compare (or
combine) activity impacts, it is necessary that the same time period (or
periods) apply. An effect which will last 1 month is obviously different in
many respects from the same effect projected to last for many years.

Role of the attributes

Although potential effects of impacts can be considered as effects on def-
inite discrete attributes of the environment, the impression must not be
created that actual impacts are correspondingly well categorized. That
is, nature does not necessarily respect our discrete categories. Rather,
actual impacts may be “smears” comprising effects of varying severity
on a variety of interrelated attributes. Many of these interrelationships
may be handled by noting the attributes primarily affected by activities
and by utilizing the descriptions contained in the descriptor package in
Appendix B to point out the secondary, tertiary, etc., effects.

Measurement of impact

Identifying the impact of a project on an attribute leads directly to the
second step of measuring the impact. Ideally, all impacts should be
translatable into common units. This is, however, not possible
because of the difficulty in defining impacts in common units (e.g., on
income and on rare or endangered species). In addition to the diffi-
culties in quantitatively identifying impacts are the problems that
arise because quantification of some impacts may be beyond the state
of the art. Thus, the problems of measuring and comparing them with
quantitative impacts are introduced.

Quantitative measurements

Some attributes, such as BOD for example, may be measured and
changes projected. Quantitative measurements of impact are mea-
sures of projected change in the relevant attributes. These measure-
ment units must be based on a technique for projecting the changes
into the future. The changes must be projected on the basis of a no-
activity alternative. One difficulty in assessing the quantitative
change arises from the fact that changes in different attributes may
not be in common units. In addition, there are difficulties in assessing
the changes in the attributes through the use of projection techniques.

Qualitative measurements

Changes in some attributes of the environment are not amenable to
measurement. The attribute may not be defined well enough in its
relationship to the overall environment to determine what the most
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adequate measurable parameter might be. Therefore, instead of a
specific measure, a general title and definition may be all that is
available. For example, one may project that the aesthetic elements
of a view may be degraded, but a quantified measure may not be
available. In such cases, it may be necessary to rely on expert judg-
ment to answer the question of how attributes will be affected by the
subject project.

Comparison among attributes

In the development of any technique or methodology for environmen-
tal impact analysis, inevitably a time will come when someone asks
the question “How do you compare all these environmental parame-
ters with one another?” And, as is usually the case, long-lasting and
frequently heated arguments follow, with the final result generally
being the consensus that there is no single conclusion. Indeed, the
question of comparing “apples and alligators” or, even worse, “bio-
chemical oxygen demand and public sector revenue” bears no simple
or well-defined solution. There have been some attempts at developing
schemes for making numerical comparisons, which will be discussed in
more detail in Chapter 6.

Another interesting procedure for developing such information is
also available—a modification of the Delphi technique (Jain et al.
1973). The Delphi technique is a procedure developed originally at the
Rand Corporation for eliciting and processing the opinions of a group
of experts knowledgeable in the various areas involved. A systematic
and controlled process of queuing and aggregating the judgments of
group members is used, and stress is placed upon iteration with feed-
back to arrive at a convergent consensus. The weighting system dis-
cussed in the following section does not include all the elements of the
original Delphi technique. In addition, results of these ranking ses-
sions need further study, feedback, and substantive input from field
data before use in your studies. They are a tool, not the answer.

The weighting procedure can be accomplished in a very simple man-
ner. A deck of cards is given to each person participating in the weight-
ing. In this example each card names a different technical specialty.
Each of the participants is then requested to rank the technical spe-
cialties according to their relative importance to explain changes in
the environment that would result from major activities in a particu-
lar project. Then each individual is asked to go back through the list,
making a pairwise comparison between technical specialties, begin-
ning with the most important one. The most important technical spe-
cialty is compared with the next most important by each individual,
and the second technical specialty is assigned a percentage. This
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assignment is to reflect the percentage of importance of the second
technical specialty with respect to the first. For example, the first tech-
nical area would receive a weight of 100 percent, and the second most
important technical area might be considered by a specialist to be only
90 percent as important as the first. Then the second and third most
important technical specialties are compared, and the third most
important area is assigned a number (for example, 95 percent) as its
relative importance compared to the second most important technical
specialty. A sample diagram of the comparison is presented in Fig. 5.6.

The formula for weighting the technical specialties is

Wij � (i � 1,2,3,…,n)

Vij � � 1 (i � 1)
Vi � 1j Xij (i � 2,3,…,n)

where Wij � weight for the ith technical specialty area by the jth
scientist

n � number of technical specialties
P � 1000: total number of points to be distributed among

the technical specialties
Xij � the jth scientist’s assessment of the ratio of importance

of the ith technical specialty in relation to the (i � 1)th
technical specialty

Vij
��

�
n

i � 1
Vij P
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Figure 5.6 Pairwise comparison of environmental attributes (modified Delphi technique).
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Vij � measure of relative weight for the ith technical specialty
area by the jth scientist

To accomplish the second part of this technique (i.e., to rank attri-
butes within a technical specialty), each scientist independently ranks
attributes in his or her own specialty. A group of scientists within one
area could perform a similar comparison for the attributes. The infor-
mation from these pairwise comparisons then can be used to calculate
the relative importance of each of these technical specialty areas; a
fixed number of points (e.g., 1000) is distributed among the technical
specialties according to individual relative importance.

After the weights are calculated from one round of this procedure,
the information about the relative weights is presented again to the
experts, a discussion of the weights is undertaken, and a second round
of pairwise comparisons is made. The process is repeated until the
results become relatively stable in successive rounds.

In a demonstration of this method, an interdisciplinary group of col-
lege graduates with very little interdisciplinary training was asked to
rate the following areas according to their relative importance in envi-
ronmental impact analysis, and to distribute a 1000-point total among
the categories:

1. Air quality

2. Ecology

3. Water quality

4. Aesthetics

5. Economics

6. Transportation

7. Earth science

8. Sociology

9. Natural resources and energy

10. Health science

11. Land use

12. Noise

After a thorough group study of all 12 areas, the group was asked to
rate the areas again. The results, shown in Table 5.2, indicate that
although some relative priorities changed, the points allocated to each
category remained essentially the same. Similar ratings may be devel-
oped for attributes within each group.
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It should be emphasized that this procedure, as described, is only a
tool for arriving at group decisions. This was not a group trained in
environmental considerations. Please do not apply the numeric values
in Table 5.2 to other studies. Different groups would certainly arrive
at different decisions, and any application directed toward comparison
between attributes should be made in the context of a specific planning
situation.

Aggregation

After measuring project impacts on various attributes, two aggrega-
tion problems must be addressed. The first problem deals with how to
aggregate among the different attributes (quantitative and qualita-
tive) to arrive at a single measure for activity impact. Doing this
involves expressing the various impact measures in common units.
Then, a method for aggregating the impacts on a specific attribute
must be identified. (Some methodologies utilize a weighting procedure
to accomplish this.) Finally, the impacts are summed and compared
with the impact of an alternative activity. A method for summarizing
impacts is discussed in Appendix C.

Secondary impacts

Secondary or indirect consequences for the environment should be
addressed, especially as related to infrastructure investments that stim-
ulate or induce secondary effects in the form of associated investments
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TABLE 5.2 Results of Modified Delphi Procedure for Comparing Environmental
Areas (This is an example only.)

Before interdisciplinary study After interdisciplinary study

Average point Average point
Area distribution Area distribution

Water 125 Water 128
Air 122 Air 126
Natural resources 109 Natural resources 105
Health 100 Ecology 93
Ecology 97 Health 88
Land use 81 Earth science 87
Earth science 79 Land use 78
Economics 62 Sociology 64
Sociology 60 Noise 62
Transportation 56 Economics 62
Aesthetics 54 Transportation 61
Noise 53 Aesthetics 46

1000 1000
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and changed patterns of social and economic activity. These effects
may be produced through their impact on existing community facili-
ties and activities, through induced new facilities and activities, or
through changes in natural conditions. A specific example calls out
possible changes in population patterns and growth that may have
secondary and indirect effects upon the resource base, including land
use, water, and public services. In the biophysical environment, the
secondary impacts can also be important.

To illustrate the nature of interrelationships among environmental
attributes, consider, as an example, an activity which involves exten-
sive removal of vegetation in a watershed. The environmental
attribute indicated as being affected by this activity would be ero-
sion. The examination of this attribute leads to other potentially
affected attributes, such as dissolved oxygen, suspended solids,
and nutrient concentration (which may stimulate growth of algae),
that can cause a change in community maintenance (the numbers of
organisms and composition of aquatic species in the stream). The pH
of the stream could be affected by the growth of algae, and this, in
turn, could affect the concentration of many of the chemicals in the
stream by changing their solubility. Changes in each of the chemical
constituents affected could trigger further change in the complex sys-
tem. Excessive growth of algae could, at some location, result in high
BOD values and loss of oxygen from the stream. Clearly, the interre-
lationships would not be limited to the stream, for evolution of gases
from decomposition could create air pollution problems. This and/or
the green color of the stream could affect land use and cause adverse
social and economic effects.

Cumulative impacts

A single activity may produce a negligible effect on the environment.
However, a series of similar activities may produce cumulative effects
on certain aspects of the environment. This raises the question of how
to deal with these potential cumulative effects. The most obvious
solution is to prepare impact assessments on broad programs rather
than on a series of component actions. Unfortunately, the definition of
activities at the program level may be so vague as to preclude identi-
fication of impacts on the attributes of the environment.
Nevertheless, review of activities at the program level, requiring
enough detail to evaluate impacts, is the best way to handle the prob-
lem of cumulative impacts.

In real life, determination of cumulative impacts on an ecosystem is
rather complex. Conceptually, cumulative impacts should include
impacts on environmental attributes by different activities of the proj-
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ect and incremental stresses placed on the environment as a result of
present or planned projects, and degradation which might result due
to the interrelationship of affected attributes.

Recognizing the complexity and importance of assessing cumulative
impacts, CEQ (1997) developed a handbook, Considering Cumulative
Effects under the National Environmental Policy Act. Its recommenda-
tion, based on considerable research and consultations, is to consider
the process of analyzing cumulative effects as “enhancing the tradi-
tional components of an environmental impact assessment: (1) scop-
ing, (2) describing the affected environment, and (3) determining the
environmental consequences,” with the results contributing to the
refinement of alternatives and design of mitigations. Table 5.3 illus-
trates how cumulative effects analysis can be incorporated into NEPA
process components. Additional discussion on cumulative impact
analysis is presented in Chapter 6.

5.4 Reporting Findings

Results of the impact analysis process are documented in one or more
of the following:

1. An assessment

2. A finding of no significant impact
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TABLE 5.3 Incorporating Principles of Cumulative Effects Analysis (CEA) into the
Components of Environmental Impact Assessment (EIA)

EIA components CEA principles

Scoping Include past, present, and future
actions.
Include all federal, nonfederal, and
private actions.
Focus on each affected resource,
ecosystem, and human community.
Focus on truly meaningful effects.

Describing the affected environment Focus on each affected resource,
ecosystem, and human community.
Use natural boundaries.

Determining the environmental consequences Address additive, countervailing, and
synergistic effects.
Look beyond the life of the action.
Address the sustainability of
resources, ecosystems, and human
communities.

SOURCE: CEQ, 1997.
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3. A draft statement

4. A final statement

The content of each of these is discussed in Chapter 4.
It is useful to consider displaying the results in a way that makes it

easy to comprehend the total impact from a brief review. One suggest-
ed method for doing this is by displaying the impacts on the summary
sheet described in Appendix C.

Details of the specific format for an environmental impact analysis
documentation are given by individual agency guidelines. These
guidelines should be consulted and followed for each analysis.

5.5 Using Information Technology to Aid in
the NEPA Process

Since the U.S. government initiative to “reinvent” government
began in 1993, there have been fundamental changes in the way fed-
eral agencies provide access to information and how information is
shared within agencies. Many of these changes have been made pos-
sible through the increased development of computerized informa-
tion technology and the Internet, especially the World Wide Web
(WWW). Both federal agencies and private organizations have
developed sites on the Internet where one can easily find informa-
tion on environmental laws, guidance on environmental compliance,
and notices on agency activity. In addition, most of these sites con-
tain links to environmental groups, data repositories, and/or elec-
tronic environmental journals and reports. However, the Internet
addresses (access codes) for these web sites can change suddenly,
and older web addresses may no longer be accessible when an
agency updates its home page.

Developing and providing information to agencies and the public is
specifically mandated by NEPA. Section 102 of NEPA requires that sig-
nificant environmental data be gathered prior to decision making, and
it is stated in Section 102(2)(g) that agencies are required to “make
available to states, counties, municipalities, institutions, and individu-
als, advice and information useful in restoring, maintaining, and
enhancing the quality of the environment.” Additionally, Section
102(2)(h) further requires agencies to “initiate and utilize ecological
information in the planning and development of resource-oriented proj-
ects.” The Internet is a powerful and convenient means for quickly pro-
viding this information; users can access on-line versions of
environmental laws and regulations in addition to project information
and environmental, spatial, and demographic data.

158 Chapter Five

Elements of Environmental Assessment

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



Access to laws, regulations, and guidance
documents

A key starting point for sound environmental decision making is a
knowledge and understanding of environmental laws, regulations, and
agency procedures. In the past, this information was typically only
available through expensive subscription services or traditional law
libraries and public reading rooms. The Internet, however, has made
the dynamic body of U.S. laws, regulations, Executive Orders, and
departmental directives and orders easily accessible to both agency
personnel and the public.

In many cases, agencies provide guidance documents on-line to
assist agency personnel as well as the public in understanding the
necessary processes to be followed under specific environmental regu-
lations. Additionally, agencies often furnish information on environ-
mental impact statements by providing new releases, Federal Register
notices, announcements, annual reports, and sometimes summaries of
EISs on the Internet.

Internet technology can help an agency fulfill certain requirements
of many of the U.S. environmental laws, such as involving the public
in agency decision-making processes, providing easy access to envi-
ronmental information, and providing a method for interagency coop-
eration. The Internet also allows for quick distribution of agency and
Executive Office information.

Access to data

Internet technology makes it possible for the CEQ to better fulfill
Section 205(2) of NEPA. That section of the law requires the CEQ to
“utilize, to the fullest extent possible, the services, facilities and infor-
mation (including statistical information) of public and private agen-
cies and organizations, and individuals, in order that duplication of
effort and expense may be avoided, thus assuring that the Council’s
activities will not unnecessarily overlap or conflict with similar activ-
ities authorized by law and performed by established agencies.”

As an example, both the CEQ’s home page and its NEPAnet web site
provide a link to the U.S. Geological Survey (USGS) Environmental
Impact Data Links. This site currently provides on-line access to diverse
data sets and data centers such as the U.S. Department of Agriculture’s
Economics and Statistics System, the USGS Hydro-Climatic Data
Network Streamflow Data Set, National Oceanic and Atmospheric
Administration National Oceanographic Data Center, U.S. Census
demographic data sets, and Earth Resources Observation Systems Data
Center. Large amounts of environmental data are also available on-line
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through the EPA home page (http://www.epa.gov) and the U.S.
Department of Energy web site (http://www.energy.gov).

Access to models

Section 102(2)(a) of NEPA requires federal agencies to “utilize a sys-
tematic, interdisciplinary approach which will insure the integrated use
of the natural and social sciences and the environmental decision-mak-
ing which may have an impact on man’s environment.” Computational
models that simulate the complex interactions of natural environmen-
tal systems are valuable tools in projecting the effects of human activity
or natural events on the environment. Computer models have been cre-
ated to study many aspects of the environment, including ocean circu-
lation, air dispersion, noise propagation, storm water runoff, erosion,
groundwater flow, traffic circulation, and human migration. Computer
models allow analyses to be both systematic and interdisciplinary by
examining complex interactions.

Increasingly, agencies have included brief descriptions of models
that they use and the model development process on their web sites.
The EPA has identified many media-specific tools available on the
Internet and has made these available on the Internet. For example,
the ability to forecast travel demand is included in the Bureau of
Transportation Statistics Travel Model Improvement Program, its
multiagency program created to develop new travel demand modeling
procedures (http://www.bts.gov/tmip/tmip.html).

On-line libraries and electronic journals

The Internet has dramatically changed how agencies and researchers
access reference works and professional journals. There is a vast
amount of environmental information available on the Web from pub-
licly maintained libraries. On-line libraries offer an efficient and low-
cost way of providing NEPA documents and reference materials to a
wide audience in a timely manner. The EPA National Center for
Environmental Publications, accessed through the EPA home page, pro-
vides access to the national Environmental Publications Internet Site
with over 6000 EPA documents available to browse, view, or print on-
line. The Government Printing Office (GPO) (http://www.access.gpo.gov)
provides extensive access to on-line federal databases, including the
Federal Register, Congressional Record, Code of Federal Regulations,
statutes, congressional bills, budgets, and other resources. In addition,
the General Services Administration also provides links to environmen-
tal libraries (http://www.gsa.gov).

NEPA requirements place a heavy burden on environmental ana-
lysts to be knowledgeable about the evolving state of science.
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Environmental training, professional associations, and professional
journals are all critical to environmental professionals remaining
current in their fields. Increasingly, journals related to the environ-
ment are available on-line. The Committee for the National
Institutes for the Environment maintains a list of environmental
journals on the Internet (http://www.cnie.org). This list includes
tables of contents, articles, and journals available in full text and
those available with abstracts.

The American Association for the Advancement of Science has a
summary version of its publication Science available on-line. Similarly,
one can access summaries of articles in Nature: An International
Journal of Science. Issues in Ecology is an on-line series designed to
deal with major ecological issues and is published by the Pew Scholars
in Conservation Biology Program and the Ecological Society of
America. An important aspect to on-line publications is that the same
information available to environmental professionals is also easily
accessed by environmental groups and interested citizens, thus mak-
ing for a better-informed public (CEQ, 1997).

5.6 Discussion and Study Questions

1 The organization of environmental characteristics presented above is very
generalized. Discuss why a particular department or agency might either accept
this structure completely or create a very different one altogether.

2 Is the ideal prioritization of attributes of the environment?

3 Is it better to create a set of attributes before you begin to prepare envi-
ronmental documentation? Or is it better to develop such a list after you have
completed your studies and have better knowledge of local conditions? Discuss
which approach seems best to you, and why.

4 Select an ongoing or proposed project in your area (e.g., a reservoir, airport,
highway relocation, or prison). Identify local or otherwise easily accessible
sources of data that could be used to develop the baseline characteristics of the
affected environment. Include relevant federal, state, and local agencies; insti-
tutions; associations; organizations; and/or individuals with special knowledge
or expertise.

5 For the project selected for question 4, identify data needs beyond those
currently available and identified in question 4. Describe the qualitative and
quantitative measurements that would be necessary, and estimate the cost
and time frame for obtaining the data.

6 In a group setting, discuss the project identified in question 4 and the eight
environmental categories outlined in Fig. 5.1. Apply the Delphi technique in
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response to the question: “What is the relative importance of each of these
eight areas in describing the environmental impact of the proposed project?”
After averaging the group responses, discuss the results and conduct a second
round. Did the group average change significantly?

5.7 Further Readings

Brown, Jennifer, ed. Environmental Threats: Perception, Analysis, and Management.
London, New York: Belhaven Press, 1989.

Kryter, Karl D. “Aircraft Noise and Social Factors in Psychiatric Hospital Admission
Rates: A Re-examination of Some Data.” Psychological Medicine, 20:395–411, 1990.

McCold, Lance N., and James W. Saulsbury. “Defining the No-Action Alternative for
National Environmental Policy Act Analyses of Continuing Actions.” Environmental
Impact Assessment Review, 18:15–37, 1998.

Wathern, Peter, ed. Environmental Impact Assessment: Theory and Practice.
Winchester, Mass.: Allen & Unwin, 1988.

World Resources 1990–1991. World Resources Institute and United Nations
Environment Programme Report, New York: Oxford University Press, 1990.
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163

Environmental Assessment
Methodologies

Many methodologies have been developed which allow the user to
respond in a substantive manner to NEPA regulations when preparing
an EA/EIS document. Presented in this chapter is a review and analy-
sis of some of these environmental assessment methodologies. The
general categories of methodologies evolved quickly after the passage
of NEPA, as researchers and practitioners sought to ensure that a
“systematic, interdisciplinary approach” was used in preparing envi-
ronmental documentation. The purpose of this discussion of assess-
ment methodologies is (1) to acquaint the reader with the different
general types of methodologies, and (2) to provide illustrative exam-
ples of available methodologies in each category. An initial review and
analysis of assessment methodologies was first completed by Warner
and Preston (1974). The discussion here draws substantially from
their work. Other approaches, such as multiattribute utility theory,
systems diagrams, and simulation modeling, provide alternative ways
of grouping assessment methodologies. Some of these methodologies
were reviewed by Bisset (1988). The Further Readings section pro-
vides references to still other approaches and organizational method-
ologies which may be of interest.

6.1 Choosing a Methodology

Depending upon the specific needs of the user and the type of project
being undertaken, one particular methodology may be more useful
than another. Each individual must determine which tools best fit a
given task. To select the most appropriate tools, the following key con-
siderations may be useful.

Chapter
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Application

Is the analysis primarily a decision, an information, or a regulatory
compliance document? (A decision document is vital for determining
the best course of action, while an information document primarily
reveals implications of the selected choices.) A decision document
analysis generally requires greater emphasis on identification of key
issues, quantification, and direct comparison of alternatives. An infor-
mation document requires a more comprehensive analysis and con-
centrates on interpreting the significance of a broader spectrum of
possible impacts. A study whose sole purpose is for regulatory compli-
ance combines the two approaches.

Alternatives

Are alternatives fundamentally or incrementally different? If differ-
ences are fundamental (such as preventing flood damage by levee con-
struction as opposed to flood plain zoning), the impact significance
should be measured against some absolute standard, since impacts
will differ in type as well as size. On the other hand, incrementally dif-
ferent alternative sets permit direct comparison of impacts and a
greater degree of quantification. An example might be that of compar-
ing the effects of a four-lane highway to those of highways with six and
eight lanes. There should always be a no-action alternative, though in
practice it is often hard to define. In some situations, especially those
surrounding the continuation of an action, the no-action alternative
may be the one which brings about large changes in the status quo
(e.g., the cessation of the activity). Many agencies have grappled with
this paradox, with varying degrees of success. One must, as well, over-
come the confusing public relations issues which arise when the no-
action alternative is the one which has the more severe consequences.

Public involvement

Does the role of the public in the analysis involve substantive prepa-
ration of studies, especially those destined for public review?
Substantive preparation allows use of more complex techniques, such
as computer or statistical analysis, that might be difficult to explain to
a previously uninvolved but highly concerned public. A substantive
preparation role will also allow a greater degree of quantification or
weighting of impact significance through the direct incorporation of
public values. Are regulatory agencies expected to have a high level of
interest? If so, not only will detailed data likely be required, but the
agency may require use of its models and criteria. The issue of man-
aging public involvement will be separately examined in Chapter 11.
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Resources

How much effort, skill, money, and data and what computer facilities are
available? Generally, embarking on the more quantitative analyses will
require more of everything, especially time. Many of the most complex
EIS studies have required several years or more than 100 person-years
of effort to complete. Is the project sponsor expecting that assessment of
a multimillion-dollar action may be completed in a few months and at a
cost of less than $25,000? This is not likely to be the case, and realizing
the magnitude of an effort prior to agency commitment rather than after
work is supposed to begin may be vital to eventual success.

Time

Is there an announced project schedule? Have the officials in charge
already announced a starting date? A completion date? Are they
remotely realistic? Have they allocated at least the minimum prepa-
ration and processing times as presented in Chapter 4? All too often,
though much less frequently today than in the past, the time for
preparation of environmental documentation is severely underesti-
mated—or omitted entirely.

Familiarity

Is the preparer familiar with both the type of action contemplated and
the physical site? Greater familiarity will improve the validity of a
more subjective analysis of impact significance. This is where the real
value of the interdisciplinary team is seen. Together, they may exhib-
it knowledgeable oversight through understanding of both action and
environment, whereas separately, only parts of the picture are clear.

Issue significance

How big is the issue being dealt with? All other things being equal, the
bigger the issue, the greater the need to be explicit, to quantify, and to
identify key issues. Arbitrary weights or formulas for trading off one
type of impact (e.g., environmental) against another (e.g., economic)
become less appropriate as the stakes increase.

Controversy

Are the activities known to be controversial? Certain types of actions
are inherently controversial, or carry high potential to raise public ire
and, in the U.S. tradition, congressional interest and involvement.
Some past and present examples are nuclear power, hazardous waste
disposal, highway routing, threats to endangered species, and closure
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of military installations. In some ways, treating such issues makes
planning easier, because you know a smooth, rigid assessment process
can be ruled out from the start. If the “quick and easy” route is
acknowledged by all to be impossible, it is often easier to obtain agency
support for more thorough presentations.

Administrative constraints

Are choices limited by agency procedural or format requirements?
Specific agency policy or guidelines may rule out some tools by speci-
fying the range of impacts to be addressed, the need for analyzing the
trade-offs, or the time frame of analysis. A programmatic EIS may
require that all follow-on assessments will have a certain format, con-
tent, and methodology. Another aspect of constraint may be the coop-
erativeness of the planners and decision makers within your own
agency. Are they willing to accept that the proposed action, or its time
schedule, may need to be modified to accommodate environmental
assessment activities or findings? The professional assessment staff,
whether in-house or contracted, should be able to expect that two-way
communication will be allowed. If not, this constraint should be iden-
tified as early as possible, and the anticipated problems associated
with this lack of cooperation made known.

6.2 Categorizing Methodologies

The various methodologies examined can be divided into six types,
based upon the way impacts are identified.

Ad hoc

These methodologies provide minimal guidance for impact assessment
beyond suggesting broad areas of possible impacts (e.g., impacts upon
flora and fauna, lakes, and forests), rather than defining the specific
parameters within the impact area which should be investigated. They
may be effective when the preparers are unusually experienced in the
type of action being examined and require only reminders.

Overlays

These methodologies rely upon a set of maps of a project area’s envi-
ronmental characteristics (physical, social, ecological, aesthetic).
These maps are overlaid to produce a composite characterization of the
regional environment. Impacts are identified by noting the congruence
of inherently antagonistic environmental characteristics within the
project boundaries. The Geographic Information System (GIS) is a
modern development of this method.
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Checklists

These methodologies present a specific list of environmental parame-
ters to be investigated for possible impacts, or a list of agency activi-
ties known to have caused environmental concern. They may have
considerable value when many repetitive actions are carried out under
similar circumstances. They do not, in themselves, establish a direct
cause-effect link, but merely suggest lines of examination. They may
or may not include guidelines about how parameter data are to be
measured and interpreted.

Matrices

The matrix methodologies incorporate both a list of project activities and
a checklist of potentially affected environmental characteristics. In a
way, the matrix presents both alternatives from the checklist approach
(i.e., both attributes and activities) to be considered simultaneously. The
two lists are then related in a matrix which identifies cause-and-effect
relationships between specific activities and impacts. Matrix methodolo-
gies may either specify which actions affect which environmental char-
acteristics or simply list the range of possible actions and characteristics
in an open matrix to be completed by the analyst.

Networks

These methodologies work from a list of project activities to establish
cause-condition-effect relationships. They are an attempt to recognize
that a series of impacts may be triggered by a project action. Their
approaches generally define a set of possible networks and allow the
user to identify impacts by selecting and tracing out the appropriate
project actions.

Combination computer-aided

These methodologies use a combination of matrices, networks, analyt-
ical models, and a computer-aided systematic approach to (1) identify
activities associated with implementing major federal programs, (2)
identify potential environmental impacts at different user levels, (3)
provide guidance for abatement and mitigation techniques, (4) provide
analytical models to establish cause-effect relationships to quantita-
tively determine potential environmental impacts, and (5) provide a
methodology and a procedure to utilize this comprehensive informa-
tion in responding to requirements of EIS preparation.

6.3 Review Criteria

To serve the purpose of NEPA, an environmental impact assessment
must effectively deal with four key problems: (1) impact identification,
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(2) impact measurement, (3) impact interpretation, and (4) impact
communication to information users.

Experience with impact assessments to date has shown that a set of
evaluation criteria can be defined for each of these four key problems.
These review criteria can be used for analyzing a methodology and
determining its weaknesses and strengths. The criteria follow.

Impact identification

Comprehensiveness. A full range of direct and indirect impacts
should be addressed, including ecological, physical-chemical pollu-
tion, social-cultural, aesthetic, resource supplies, induced growth,
regional economy, employment, induced population or wealth redis-
tributions, and induced energy or land-use patterns.

Specificity. A methodology should identify specific parameters (sub-
categories of impact types), such as detailed parameters under the
major environmental categories of air, water, ecology, etc., to be
examined.

Isolating project impacts. Methods to identify project impacts, as
distinct from future environmental changes produced by other caus-
es, should be required and suggested.

Timing and duration. Methods to identify the timing (short-term
operational versus long-term operational phases) and duration of
impacts should be required. (Data sources should also be listed for
impact measurement and interpretation.)

Data sources. Identification of the data sources used to identify
impacts should be required. (Data sources should also be listed for
impact measurement and interpretation.)

Impact measurement

Explicit indicators. Specific measurable indicators to be used for
quantifying impacts upon parameters should be suggested.

Magnitude. A methodology should require and provide for the mea-
surement of impact magnitude, as distinct from impact significance.

Objectivity. Objective rather than subjective impact measurements
should be emphasized. Professional judgments should be identified as
such, although they may be the only criteria available in many cases.

Impact interpretation

Significance. Explicit assessment of the significance of measured
impacts on a local, regional, and national scale should be required.
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Explicit criteria. A statement of the criteria and assumptions
employed to determine impact significance should be required.

Uncertainty. An assessment of the uncertainty or degree of confi-
dence in impact significance should be required.

Risk. Identification of any impacts having low probability but high
damage or loss potential should be required.

Alternatives comparison. A specific method for comparing alterna-
tives, including the no-action alternative, should be provided.

Aggregation. A methodology may provide a mechanism for
aggregating impacts into a net total or composite estimate. If
aggregation is included, specific weighting criteria or processes
to be used should be identified. The appropriate degree of aggre-
gation is a hotly debated issue on which no judgment can be
made at this time.

Public involvement. A methodology should require and suggest a
mechanism for public involvement in the interpretation of impact
significance.

Impact communication

Affected parties. A mechanism for linking impacts to the specific
affected geographical areas or social groups should be required and
suggested.

Setting description. A methodology should require that the project
setting be described to aid statement users in developing an ade-
quate overall perspective.

Summary format. A format for presenting, in summary form, the
results of the analysis should be provided.

Key issues. A format for highlighting key issues and impacts identi-
fied in the analysis should be provided.

NEPA compliance. Guidelines for summarizing results in terms of
the specific points required by NEPA and subsequent CEQ regula-
tions should be provided.

In addition to the above “content” criteria, methodological tools
should be evaluated in terms of their resource requirements,
replicability, and flexibility. The following considerations, used in
arriving at the generalized ratings for these characteristics (shown
in Table 6.1), may be useful when considering the appropriateness
of other tools. Table 6.1 provides a framework for methodology
evaluation.
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TABLE 6.1 Methodology Evaluation

Methodology and type

Dee Dee Univ. of Jain/ Jain
Adkins (1972) (1973) Georgia Urban (1974) Krauskopf Leopold Little

Criteria (C) (C) (C-M) (C) (CO) (M) (O) (M) (C)

Comprehensiveness
Specificity
Isolate project impact
Timing and duration
Data sources known
Explicit indicators
Magnitude provided
Objective measurement
Significance scaled
Criteria explicit
Uncertainties made known
Risks identified
Alternatives compared
Impacts aggregated
Public involvement seen
Affected groups visible
Setting described
Format for summary
Key issues highlighted
Match NEPA regulations
Resource requirements
Reliability
Flexibility

METHODOLOGY TYPE KEY: A � Ad Hoc; C � Checklist; CO � Combination, computer-aided; 
M � Matrix; NW � Network; O � Overlay

EVALUATION SYMBOLS FOR USE IN SCORING: S � substantial compliance, low resource needs, or
few reliability-flexibility limitations; P � partial compliance, moderate resource needs, or
moderate limitations on reliability or flexibility; N � minimal or no compliance, high resource
needs, or major limitations on reliability or flexibility; — � evaluation not attempted

NOTE: Methodologies listed are described in Sec. 6.5 of this chapter.

TABLE 6.1 Methodology Evaluation
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Central N.Y.  
Reg. Planning Bureau Western

McHarg Moore Board Smith Sorenson Stover of Reclam. USACOE Walton Systems

(O) (M) (M) (C) (NW) (C) (C) (C) (C) (A)
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Resource requirements

Data requirements. Does the methodology require data that are
presently available at reasonable acquisition or retrieval cost?

Personnel requirements. What special skills are required? How
many persons will be needed to implement the methodology? Do you
have them available?

Time. How much time is required to learn to use and/or apply the
methodology?

Costs. How do costs using a methodology compare to costs of using
other tools?

Technologies. Are any specific technologies (e.g., use of a particular
computer software) required to use a methodology?

Reliability

Replicability. Can the results be repeated given the same or similar
conditions?

Ambiguity. What is the relative degree of ambiguity in the methodol-
ogy? Does it measure what it says is measured?

Analyst bias. To what degree will different impact analysts using
the methodology tend to produce widely different results? How much
of the “methodology” is really subjective?

Flexibility

Scale flexibility. How applicable is the methodology to projects of
widely different scale?

Range. For how broad a range of project or impact types is the
methodology useful in its present form?

Adaptability. How readily can the methodology be modified to fit
project situations other than those for which it was designed?

Comparison of methodologies. Methodologies may be rated for their
degree of compliance with the 20 content criteria discussed above.
Three rating characteristics on one possible rating scale are sug-
gested as follows:

S � Substantial compliance, low resource needs, or few replicability-
flexibility limitations

P � Partial compliance, moderate resource needs, or major limitations
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N � No compliance or minimal compliance, high resource needs, or
major limitations

These ratings may be applied to various methodologies in order to
choose one best suited for a particular application. Table 6.1, a sum-
mary of methodology evaluation, can be completed as a practical exer-
cise for the methodologies discussed herein or for other emerging
methodologies.

Cumulative impact analysis

For some time, evaluators of environmental effects have realized that
the most significant environmental effects may result not from the
direct effects of a particular action but, rather, from the cumulative
effects of multiple actions over time. Historically, federal agencies have
addressed the direct and indirect effects of a proposed action on the
environment in their analyses. This is, of course, the one that they pro-
pose to put into action. What has regularly been overlooked is the
effect of the proposed action taken in the context of many other
actions, proposed and real, of many other entities. Cumulative impact
assessment, however, has been given less attention due to limitations
in structured methodologies and procedures, as well as difficulties in
defining the appropriate geographic (spatial) and time (temporal)
boundaries for the impact analysis (Canter and Clark, 1997).

The CEQ defines cumulative effect as “the impact on the environment
which results from the incremental impact of the action when added to
other past, present, and reasonable foreseeable future actions regard-
less of what agency (Federal or non-Federal) or person undertakes such
other actions” (40 CFR 1508.7). Actions by businesses and other non-
governmental groups are also relevant in many cases. Although the
CEQ has defined cumulative impact, additional guidance on cumulative
impact assessment has been lacking, thus prompting additional ques-
tions and concerns by the analyst. As a result, federal agencies have
independently developed procedures and methods to analyze the cumu-
lative effects of their actions on the environment. In order to address
these issues, the CEQ developed the handbook Considering Cumulative
Effects under the National Environmental Policy Act. This document
presents a framework for addressing cumulative effects in either an
environmental assessment or an environmental impact statement. The
handbook provides practical methods for addressing the cumulative
effects on specific resources, ecosystems, and human communities of all
related activities, not just the proposed project or alternatives that ini-
tiated the assessment process. The methods described hereafter for
developing cumulative impact analysis have been adapted from the
CEQ handbook.
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The CEQ-defined process for analyzing cumulative effects is very
similar to the traditional components of an environmental impact
assessment: (1) scoping, (2) describing the affected environment, and
(3) determining the environmental consequences. Additionally, it
should be noted that it is important to incorporate cumulative impact
analysis in developing alternatives for an EA or EIS, as well as in
determining appropriate mitigation efforts. A summary of the steps for
cumulative effects analysis can be found in Table 6.2.

In many ways, scoping is the key to analyzing cumulative effects; it
provides the best opportunity for identifying important cumulative
effects issues, setting appropriate boundaries for analysis, and identi-
fying relevant past, present, and future actions. Describing the affect-
ed environment sets the baseline and thresholds of environmental
change that are important for analyzing cumulative effects. Recently
developed indicators of ecological integrity and landscape condition
can be used as benchmarks of accumulated change over time. In addi-
tion, remote sensing and GIS technologies provide improved means for
displaying and analyzing historical change in indicators of the condi-
tion of resources, ecosystems, and human communities. Determining
the cumulative environmental consequences of an action requires
delineating the cause-and-effect relationships among the multiple
actions and the resources, ecosystems, and human communities of con-
cern. The significance of cumulative effects depends on how they com-
pare with the environmental baseline and relevant resource
thresholds.

Selection of which actions to include and which aspects of them to
evaluate is the greatest challenge here. There are no fixed standards
as to which are relevant in any one case, and the choice of which to
include or exclude is of utmost importance. A special application of
scoping is indicated here. We note that in the case of Fritiofsen v.
Alexander, 772 F.2d 1225 (5th Cir. 1985), the court, ruling against a
decision by the Galveston, Tex., district of the Corps of Engineers, said
that reasonably foreseeable actions, not solely permits already in
hand, must be the basis of the analysis of cumulative actions. The
action here was the granting of a wetland fill permit on Galveston
Island, and the Corps had originally evaluated the cumulative effect of
granting all permits that had been filed. The proper focus, said the
court, was that of all likely actions, present and future, given that
development was continuing and that many more applications would
likely be received.

Successfully analyzing cumulative effects will depend on the appro-
priate application of individual methods, techniques, and tools to the
environmental impact assessment of concern. The unique require-
ments of cumulative effects analysis must be addressed by developing
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an appropriate conceptual model. To do this, a combination of methods
can be used, including questionnaires, interviews, and panels; matri-
ces; networks and system diagrams; modeling; trends analysis; and
overlay maps and GIS. General principles for cumulative effects analy-
sis are presented in Table 6.3.

For a more complete description of cumulative effects analysis, refer
to CEQ’s Considering Cumulative Effects under the National
Environmental Policy Act.

6.4 Methodology Descriptions

Nineteen methodologies or tools listed in Table 6.1 are examined here
in detail. The brief description given for each methodology discusses
some or all of the following points:

Methodology type

General approach used

Range of actions or project types for which the methodology may be
applicable

Comprehensiveness of the methodology in terms of the range of
impacts addressed

Resources required (data, labor, time, etc.)

Limitations of the methodology (replicability, ambiguity, flexibility)

Key ideas or particularly useful concepts

Other major strengths and weaknesses as identified by the review
criteria

Because of the brevity and subjectivity of these characterizations,
they should not be considered fully adequate critiques of the tools
examined. They may instead serve as a useful introduction to the
range of techniques available. Many other methodologies, beyond
those discussed here, are available for use by different agencies. The
list of methodologies discussed here should not be considered exhaus-
tive because of the dynamic nature of this subject area.

6.5 Methodology Review

Interim Report: Social, Economic, and Environmental Factors in Highway
Decision Making (Adkins and Dock, 1971; Checklist). This methodology is a
checklist which uses a �5 to �5 rating system for evaluating impacts.
The approach was developed to deal specifically with the evaluation of
highway route alternatives. Because the bulk of the parameters used
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TABLE 6.3 Principles of Cumulative Effects Analysis

1. Cumulative effects are caused by the aggregate of past, present, and reasonably
foreseeable future actions.
The effects of a proposed action on a given resource, ecosystem, and human community
include the present and future effects added to the effects that have taken place in the
past. Such cumulative effects must also be added to effects (past, present, and future)
caused by all other actions that affect the same resource.

2. Cumulative effects are the total effect, including both direct and indirect
effects, on a given resource, ecosystem, and human community of all actions
taken, no matter who (federal, nonfederal, or private) has taken the actions.
Individual effects from disparate activities may add up or interact to cause additional
effects not apparent when looking at the individual effects one at a time. The additional
effects contributed by actions unrelated to the proposed action must be included in the
analysis of cumulative effects.

3. Cumulative effects need to be analyzed in terms of the specific resource,
ecosystem, and human community being affected.
Environmental effects are often evaluated from the perspective of the proposed action.
Analyzing cumulative effects requires focusing on the resource, ecosystem, and human
community that may be affected and developing an adequate understanding of how the
resources are susceptible to effects.

4. It is not practical to analyze the cumulative effects of an action on the universe;
the list of environmental effects must focus on those that are truly meaningful.
For cumulative effects analysis to help the decision maker and inform interested parties, it
must be limited through scoping to effects that can be evaluated meaningfully. The boundaries
for evaluating cumulative effects should be expanded to the point at which the resource is no
longer affected significantly or the effects are no longer of interest to the affected parties.

5. Cumulative effects on a given resource, ecosystem, and human community are
rarely aligned with political or administrative boundaries.
Resources typically are demarcated according to agency responsibilities, county lines, grazing
allotments, or other administrative boundaries. Because natural and sociocultural resources
are not usually so aligned, each political entity actually manages only a piece of the affected
resource or ecosystem. Cumulative effects analysis on natural systems must use natural
ecological boundaries and analysis of human communities must use actual sociocultural
boundaries to ensure including all effects.

6. Cumulative effects may result from the accumulation of similar effects or the
synergistic interaction of different effects.
Repeated actions may cause effects to build up through simple addition (more and more of
the same type of effect), and the same or different actions may produce effects that interact
to produce cumulative effects greater than the sum of the effects.

7. Cumulative effects may last for many years beyond the life of the action that
caused the effects.
Some actions cause damage lasting for longer than the life of the action itself (e.g., acid
mine drainage, radioactive waste contamination, species extinctions). Cumulative effects
analysis needs to apply the best science and forecasting techniques to assess potential
catastrophic consequences in the future.

8. Each affected resource, ecosystem, and human community must be analyzed in
terms of its capacity to accommodate additional effects, based on its own time
and space parameters.
Analysts tend to think in terms of how the resource, ecosystem, and human community will
be modified given the action’s development needs. The most effective cumulative effects
analysis focuses on what is needed to ensure long-term sustainability of the resource.

SOURCE: CEQ, 1997.
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relates directly to highway transportation, the approach may not be
readily adaptable to other project types.

The parameters are broken down into categories of transportational,
environmental, sociological, and economic impacts. Environmental
parameters are generally deficient in ecological considerations. Social
parameters emphasize community facilities and services.

Route alternatives are scored �5 to �5 in comparison with the pres-
ent state of the project area, not the expected future state without the
project.

Since the approach uses only subjective relative estimations of
impacts, the data, labor, and cost requirements are very flexible.
Reliance upon subjective ratings without guidelines for such ratings
reduces the replicability of analysis and generally limits the valid use
of the approach to a case-by-case comparison of alternatives only.

The detailed listing of social and, to a lesser extent, economic param-
eters may be helpful for identifying and cataloging impacts for other
types of projects. An interesting feature of possible value to other
analyses using relative rating systems is the practice of summarizing
the number and the magnitude of plus and minus ratings for each
impact category. The number of pluses and minuses may be a more
reliable indicator for alternative comparison, since it is less subject to
the arbitrariness of subject weighting. These summaries are additive,
and thus implicitly weight all impacts equally.

Environmental Evaluation System for Water Resources Planning (Dee et al.,
1972; Checklist). This methodology is a checklist procedure emphasizing
quantitative impact assessment. While it was designed for water-
resource projects, most parameters used are also appropriate for oth-
er types of projects. Seventy-eight specific environmental parameters
are defined within the four categories of ecology, environmental pollu-
tion, aesthetics, and human interest. The approach does not deal with
economic or secondary impacts, and social impacts are partially cov-
ered within the human interest category.

Impacts are measured via specific indicators and formulas defined
for each parameter. Parameter measurements are converted to a com-
mon base of “environmental quality units” through specified graphs or
value functions. Impacts can be aggregated by using a set of preas-
signed weights.

Resource requirements are rather high, particularly data require-
ments. These requirements may restrict the use of the approach to
major project assessments.

The approach emphasizes explicit procedures for impact measure-
ment and evaluation and should therefore produce highly replicable
results. Both spatial and temporal aspects of impacts are noted and
explicitly weighted in the assessment. Public participation, uncertain-
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ty, and risk concepts are not dealt with. An important idea or approach
is the highlighting of key impacts via a “red flag” system.

Planning Methodology for Water Quality Management: Environmental
System (Dee et al., 1973: Checklist/matrix). This unique methodology of
impact assessment defies ready classification, since it contains ele-
ments of checklist, matrix, and network approaches. Areas of possible
impacts are defined by a hierarchical system of 4 categories (ecology,
physical-chemical, aesthetic, social), 19 components, and 64 parame-
ters. An interaction matrix is presented to indicate which activities
associated with water-quality treatment projects generally affect
which parameters. The range of parameters used is comprehensive,
excluding only economic variables.

Impact measurement incorporates two important elements. A set of
“ranges” is specified for each parameter to express impact magnitude
on a scale from 0 to 1. The ranges assigned to each parameter within
a component are then combined by means of an “environmental
assessment tree” into a summary environmental impact score for that
component. The significance of impacts for each component is quanti-
fied by a set of assigned weights. A net impact can be obtained for any
alternative by multiplying each component score by its weight factor
and summing across components.

The key features of the methodology are its comprehensiveness, its
explicitness in defining procedures for impact identification and scor-
ing, and its flexibility in allowing use of best available data. Sections
of the report explain the several uses of the methodology in an overall
planning effort and discuss means of public participation. While the
data, time, and cost requirements of the methodology when used for
impact assessment are moderate, a small amount of training would be
required to familiarize users with the techniques.

The methodology possesses only minor ambiguities and should be
highly replicable. Because the environmental assessment “trees” are
developed specifically for water-treatment facilities, the methodology
cannot be readily adapted to other types of projects without recon-
structing the “trees,” although the parameters could be useful as a
simple checklist.

One potentially significant obstacle to use of this approach is the dif-
ficulty of explaining the procedures to the public. Regardless of the
validity of the “trees,” they are devices developed by highly specialized
multivariant-analysis techniques, and public acceptance of conclu-
sions reached by their use may be low.

Optimum Pathway Matrix Analysis Approach to the Environmental Decision-
Making Process: Test Case: Relative Impact of Proposed Highway Alternatives
(University of Georgia, 1971; Checklist). This methodology incorporates a
checklist of 56 environmental components. Measurable indicators are
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specified for each component. The actual values of alternative plan
impacts on a component are normalized and expressed as a decimal of
the largest impact (on that one component). These normalized values
are multiplied by a subjectively determined weighting factor. This fac-
tor is the sum of 1 times a weight for “initial” effects plus 10 times a
weight for “long-term” effects.

The methodology was developed to evaluate highway project alter-
natives, and the components listed are not suitable for other types of
projects. The wide range of impact types analyzed includes land use,
social, aesthetics, and economic.

The potential lower replicability of the analysis produced by using
subjectively determined weighting factors is compensated for by con-
ducting the analysis over a series of iterations and incorporating sto-
chastic error variation in both actual measurements and weights. This
procedure provides a basis for testing the significance of differences in
total impact scores between alternatives.

The procedures for normalizing or scaling measured impacts to
obtain commensurability and testing of significant differences
between alternatives are notable features of potential value to other
impact analyses and methodologies. These ideas may be useful when-
ever several project alternatives can be identified and compared. This
methodology may place rather high resource demands, because com-
puterization is necessary to generate random errors and make the
large number of repetitive calculations.

Environmental Impact Assessment Study for Army Military Programs (Jain et
al., 1973) and Computer-Aided Environmental Impact Analysis for Construction
Activities: User Manual (Urban et al., 1975; Combination computer-aided). This is
a computer-aided assessment system employing the matrix approach
to identify potential environmental impacts. The system relates Army
activities from nine functional areas to attributes contained in eleven
technical areas of specialty describing the environment. The nine func-
tional areas are construction, research and development, real estate
acquisition or outleases of land, mission change, procurement, train-
ing, administration and support, industrial activities, and operation
and maintenance.

Three levels of attributes are identified: detailed level, review level,
and controversial attributes. Ramification remarks regarding poten-
tial impacts are presented along with mitigation procedures for mini-
mizing adverse impacts. Potential impacts are identified on a
need-to-consider scale, using A, B, and C as indicators, instead of a
numerical system.

Given the appropriate input information for a particular program,
the computer-aided system developed will provide relevant environ-
mental information to allow the user to respond to the requirements of
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CEQ guidelines. In addition, analytical models are being developed to
quantitatively assess the environmental impacts. One early such mod-
el, the Economic Impact Forecast system, was put into operation in
1975 and used by the army for several years.

Significant features of this methodology are (1) it is cost-effective, (2)
it provides analytical models for cause-effect relationships, (3) it is a com-
prehensive methodology, (4) the output matrix is modified, based upon
site-specific input, to produce a project-specific input matrix, (5) it pro-
vides information regarding environmental laws and regulations, and (6)
it includes information about abatement and mitigation techniques.

This methodology was designed for Army military programs. Its
applicability to programs of other agencies is limited and would thus
require some systematic modifications. Problems associated with
effective community participation and evaluation of trade-offs between
short-term areas of environmental resources and long-term productiv-
ity are not adequately addressed.

Handbook for Environmental Impact Analysis (Jain et al., 1974; Matrix).

Employing an open-cell matrix approach, this handbook presents rec-
ommended procedures for use by Army personnel in the preparation
and processing of environmental impact assessments and statements.
The procedures outline an eight-step algorithm in which details of the
proposed actions and associated alternatives are identified and evalu-
ated for environmental effects in both the biophysical and socioeco-
nomic realms. Briefly, the procedural steps are outlined as follows:

1. Identify the need for an EA or an EIS.

2. Establish details of the proposed action.

3. Examine environmental attributes, impact analysis worksheets,
and summary sheets.

4. Evaluate impacts, using attribute descriptor package.

5. Summarize impacts on summary sheet.

6. Examine alternatives.

7. Address the eight points of the CEQ guidelines.

8. Process final document.

The handbook provides examples of representative Army actions
that might have a significant environmental impact (step 1) and guid-
ance on the identification of Army activities (steps 2 and 4) for Army
functional areas.

Environmental attributes (steps 3 and 4) are identified and charac-
terized. After evaluating the effect of the proposed action and the alter-
natives (step 6) on the interdisciplinary attributes, and summarizing
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the effects (step 5), it is recommended that the assessment be docu-
mented in the format suggested by the CEQ guidelines (step 7). Each
of the eight points in the CEQ guidelines is discussed in detail, and
Army-related examples are presented. (The guidelines were super-
seded in 1979 by the NEPA regulations, though much of the discussion
is still relevant.) In addition, the handbook gives information regard-
ing processing of assessments and statements (step 8).

Because the methodology is designed for Army military programs, its
applicability to programs of other agencies is limited and would require
systematic modifications. In addition, this methodology does not pro-
vide the depth and comprehensiveness of environmental information
made available by the computer-aided study previously discussed.

Evaluation of Environmental Impact Through a Computer Modeling Process,
Environmental Impact Analysis: Philosophy and Methods (Krauskopf and Bunde,

1972; Overlay). This methodology employs an overlay technique via
computer mapping. Data on a large number of environmental charac-
teristics are collected and stored in the computer on a grid system of
1-km-square cells. Highway route alternatives can be evaluated by the
computer (by noting the impacts on intersected cells), or new alterna-
tives may be generated via a program identifying the route of least
impact.

The environmental characteristics used are rather comprehensive,
particularly regarding land use and physiographic characteristics.
Although the methodology was developed and applied to a highway
setting, it is adaptable (with relatively small changes in characteris-
tics) to other project types with geographically well-defined and con-
centrated impacts. Because the approach requires considerable
amounts of data about the project region, it may be impractical for the
analysis of programs of broad geographical scope. The labor skills,
money, and computer technology requirements of the approach may
limit its application to major projects or to situations where a
statewide computer database exists (e.g., New York, Minnesota, Iowa).
The 1-km resolution would be considered unacceptable today. The
Geographic Information System, a successor to the overlay, may use
20- to 100-m resolution for similar purposes.

Impact importance is estimated through the specification of subjec-
tive weights. Because the approach is computerized, the effects of sev-
eral alternative weighting schemes can be readily analyzed.

The methodology is attractive from several viewpoints. It allows a
demonstration of which weighted characteristics are central to a par-
ticular alternative route; it presents a readily understandable graphic
representation of impacts and alternatives; it easily handles several
subjective weighting systems; its incremental costs of considering or
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generating additional alternatives are low; and it fits well with devel-
oping regional and statewide databank systems.

The mechanics of the approach (how impacts are measured and com-
bined) may not be readily apparent from the reference cited.
Considerable training beyond the information available in this refer-
ence may be required prior to using the approach.

A Procedure for Evaluating Environmental Impact (Leopold et al., 1971;
Matrix). This is an open-cell matrix approach identifying 100 project
activities and 88 environmental characteristics or conditions. For each
action involved in a project, the analyst evaluates the impact on every
environmental characteristic in terms of impact magnitude and signif-
icance. These evaluations are subjectively determined by the analyst.
Ecological and physical-chemical impacts are treated comprehensively;
social and indirect impacts are discussed in part; and economic and sec-
ondary impacts are not addressed.

Because the assessments are subjective, resource requirements of
the approach are very flexible. The approach was not developed in ref-
erence to any specific type of project and was very widely applied in
the 1970s, usually with some local alterations.

Guidelines for use of the approach are minimal, and several impor-
tant ambiguities are likely in the definition and separation of impacts.
The reliance upon subjective judgment, again, without guidelines,
reduces the replicability of the approach.

The approach is chiefly valuable as a means of identifying project
impacts and as a display format for communicating results of an
analysis.

Transportation and Environment: Synthesis for Action: Impact of National
Environmental Policy Act of 1969 on the Department of Transportation (DOT,
1969; Checklist). This approach is basically an overview discussion of the
kinds of impacts that may be expected to occur from highway projects,
and the measurement techniques that may be available to handle
some of them. A comprehensive list of impact types and the stages of
project development at which each may occur is presented. As broad
categories, the impact types identified are useful for other projects as
well as highways.

The approach suggests the separate consideration of an impact’s
amount, effect (public response), and value. Some suggestions are
offered for measuring the amount of impact within each of seven gen-
eral categories: noise, air quality, water quality, soil erosion, ecological,
economic, and sociopolitical impacts.

Five possible approaches to handling impact significance are presented.
Three of these are “passive” (requiring no agency action), such as “reliance
upon the emergence of controversy.” The other two involve the use of crude

Environmental Assessment Methodologies 183

Environmental Assessment Methodologies

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



subjective weighting scales. No specific suggestions are made for the
aggregation of impacts either within or between categories.

In general, the reference cited is a useful discussion of some of the
important issues of impact analysis, particularly as they apply to
transportation projects; however, it does not present a complete ana-
lytical technique.

A Comprehensive Highway Route-Selection Method, and Design with Nature
(McHarg, 1968 and 1969; Overlay). This approach employs transparencies of
environmental characteristics overlaid on a regional base map. Eleven
to sixteen environmental and land-use characteristics are mapped.
The maps represent three levels of the characteristics, based upon
“compatibility with the highway.” While these references do not indi-
cate how this compatibility is to be determined, available documenta-
tion is cited.

This approach is basically an earlier, noncomputerized version of the
ideas presented in Krauskopf (1972). Its basic value is a method for
screening alternative project sites or routes. Within this particular
use, it is applicable to a variety of project types. Limitations of the
approach include its inability to quantify and identify possible impacts
and its implicit weighting of all characteristics mapped.

Resource requirements of this approach are somewhat less demand-
ing in terms of data than those of the Krauskopf approach, because
information is not directly quantified, but rather is categorized into
three levels. However, high degrees of skill and training are required
to prepare the map overlays.

The approach seems most useful as a “first-cut method” of identify-
ing and sifting out alternative project sites prior to preparing a
detailed impact analysis. Historically, McHarg was the primary popu-
larizer of the concept of “compatibility” in planning major development
projects. His background led him to a visual rather than a mathemat-
ical representation of “incompatible” elements, but most or all of his
elements correspond to environmental problems, such as noise, soil
loss, and ecological disturbance.

A Methodology for Evaluating Manufacturing Environmental Impact
Statements for Delaware’s Coastal Zone (Moore et al., 1973; Matrix). This
approach was not designed for impact analysis, although its principles
could be adapted for such use. Employing a network approach, it links
a list of manufacturing-related activities to potential environmental
alterations, major environmental effects, and, finally, human uses
affected. The primary strength of the set of linked matrices is their
utility for displaying cause-condition-effect networks and tracing out
secondary impact chains.
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Such networks are useful primarily for identifying impacts. The
issues of impact magnitude and significance are addressed only in
terms of high, moderate, low, or negligible damage. As a result of these
subjective evaluations, the approach would have low replicability as
an assessment technique. For such a use, guidelines would likely be
needed to define the evaluation categories.

The approach incorporates indicators especially tailored to manufac-
turing facilities in a coastal zone, although most indicators would also be
pertinent to other types of projects. It would perhaps be valuable as a
visual summary of an impact analysis for communication to the public.

Environmental Resources Management (Central N.Y. Reg. Planning Board, 1972;
Matrix). This methodology employs a matrix approach to assess in sim-
ple terms the major and minor, direct and indirect impacts of certain
water-related construction activities. It is designed primarily to mea-
sure only the physical impacts of water-resource projects in a water-
shed and is based upon an identification of the specific, small-scale
component activities that are included in a project of any size.
Restricted to physical impacts for nine types of watershed areas (e.g.,
wetlands) and fourteen types of activities (e.g., tree removal), the pro-
cedure indicates four possible levels of impact-receptor interaction
(major direct through minor indirect).

Low to moderate resources, in terms of time, money, and personnel,
are required for this methodology, due principally to its simple method
for quantification (major versus minor impact). However, the proce-
dure is severely limited in its ability to compare different projects or
the magnitude of different impacts.

Since there is no spatial or temporal differentiation, the full range of
impacts cannot be readily assessed. Impact uncertainty and high-dam-
age/low-probability impacts are not considered. Since only two levels of
impact magnitude are identified, and the importance of the impacts is
not assessed, moderate replicability results. The lack of objective eval-
uation criteria may produce fairly ambiguous results. NEPA require-
ments for impact assessments are not directly met by this procedure.

This methodology may be less valuable for actual assessment of the
quantitative impacts of a potential project than for the “capability rat-
ing system,” which determines recommended development policies on
the basis of existing land characteristics. Thus, guidelines for desir-
able and undesirable activities, with respect to the nine types of
watershed areas, are used to map a region in terms of the optimum
land-use plan. The actual mapping procedure is not described; there-
fore, that aspect of the impact assessment methodology cannot be
evaluated here.
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Quantifying the Environmental Impact of Transportation Systems (W. L.
Smith, nd; Checklist). This approach, as developed for highway route
selection, is a checklist system based upon the concepts of probability
and supply and demand. The approach attempts to identify the alter-
native with least social cost to environmental resources and maximum
social benefit to system resources. Environmental resources elements
are listed as agriculture, wildlife conservation, interference noise,
physical features, and replacement. System resources elements are
listed as aesthetics, cost, mode interface, and travel desired. Categories
are defined for each element and used to classify zones of the project
area. Numerical probabilities of supply and demand are then assigned
to each zone for each element. These are multiplied to produce a “prob-
ability of least social cost” (or maximum social benefit). These “least
social cost” probabilities are then multiplied across the elements to pro-
duce a total for the route alternative under examination.

The approach is tailored and perhaps limited to project situations
requiring comparison of siting alternatives. While the range of envi-
ronmental factors examined is limited, it presumably could be expand-
ed to more adequately cover ecological, pollution, and social
considerations.

Since procedures for determining supply and demand probabilities
are not described, it is difficult to anticipate the amounts of data,
labor, and money required to use the approach. The primary limita-
tions of this methodology are the difficulties inherent in assigning
probabilities, particularly demand probabilities, and the implicitly
equal weightings assigned each element when multiplying to yield an
aggregate score for an alternative.

A Framework for Identification and Control of Resource Degradation and
Conflict in the Multiple Use of the Coastal Zone (Sorenson, 1970) and Procedures
for Regional Clearinghouse Review of Environmental Impact Statements—
Phase Two (Sorenson and Pepper, 1973; Network). These two publications pre-
sent a network approach usable for environmental impact analysis.
The approach is not a full methodology but rather a guide to identify-
ing impacts. Several potential uses of the California coastal zone are
examined through networks relating uses to causal factors (project
activities), to first-order condition changes, to second- and third-order
condition changes, and, finally, to effects. A major strength of the
approach is its ability to identify the pathways by which both primary
and secondary environmental impacts are produced.

The second reference also includes data types relevant to each identi-
fied resource degradation element, although no specific measurable indi-
cators are suggested. In this reference, some general criteria suggested
for identifying projects of regional significance are based upon project
size and types of impacts generated, particularly land-use impacts.
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Because the preparation of the required detailed networks is a
major undertaking, the approach is presently limited to some com-
mercial, residential, and transportation uses of the California coastal
zone for which networks have been prepared. An agency wishing to use
the approach in other circumstances might develop the appropriate
reference networks for subsequent environmental impact assessment.
This is one of many examples of a special-purpose tool constructed for
a repetitively applied function. Such a tool may be excellent for its
original purpose while only mediocre for generalized use.

Environmental Impact Assessment: A Procedure (Stover, 1972; Checklist).

This methodology is a checklist procedure for a general quantitative
evaluation of environmental impacts from development activities. The
type and range of these activities is not specified but is believed to be
comprehensive. The 50 impact parameters are sufficient to include
nearly all possible effects and thereby allow much flexibility.
Subparameters indicate specific impacts, but there is no indication of
how the individual measures are aggregated into a single parameter
value. While spatial differences in impacts are not indicated, both ini-
tial and future impacts are included and explicitly compared.

The moderate to heavy resource requirement, especially in terms of
an interdisciplinary personnel team, increases as more subparameters
are included and require additional expertise in specific areas.
However, the actual measurements are not based on specific criteria
and are only partially quantitative, having seven possible values rang-
ing form an extremely beneficial impact to an extremely detrimental
one. Therefore, there may be room for ambiguous and subjective
results with only moderate replicability.

The assumption that impact areas are implicitly of equal importance
allows aggregation of the results and project comparisons, but at the
expense of realism. A specific methodology is mentioned for choosing
the optimum alternatives in terms of the proportional significance of an
impact vis-à-vis other potential alternatives. There is no explicit men-
tion of either public involvement in the process or environmental risks.

The impact assessment procedure is presented as only one step in a
total evaluation scheme, which includes concepts of dynamic ecological
stability and other ideas. An actual description of the entire process is
not indicated, however.

Guidelines for Implementing Principles and Standards for Multiobjective
Planning of Water Resources (Bureau of Reclamation, 1972; Checklist). This
approach is an attempt to coordinate features of the Water Resources
Council’s Proposed Principles and Standards for Planning Water and
Related Land Resources with requirements of NEPA. It develops a
checklist of environmental components and categories organized in the
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same manner as the council guidelines. The categories of potential
impacts deal comprehensively with biological, physical, cultural, and
historical resources, and pollution factors, but do not treat social or
economic impacts. Impacts are measured in quantitative terms wher-
ever possible, and also rated subjectively on “quality” and “human
influence” bases. In addition, uniqueness and irreversibility consider-
ations are included where appropriate. Several suggestions for sum-
mary tables and bar graphs are offered as communications aids.

The approach is general enough to be widely applicable to various
types of projects, although its impact categories are perhaps better tai-
lored to rural than urban environments. While no specific data or oth-
er resources are required to conduct an analysis, an interdisciplinary
project team is specified to assign the subjective weightings. Since
quality, human influence, uniqueness, and irreversibilities are all sub-
jectively rated by general considerations, results produced by the
approach may be highly variable. Significant ambiguities include a
generally inadequate explanation of how human influence impacts are
to be rated and interpreted.

Key ideas incorporated in the approach include explicit identifica-
tion of the “without project” environment as distinct from present con-
ditions, and a uniqueness rating system for evaluating quality and
human influence (worst known, average, best known). The methodolo-
gy is unique among those examined because it does not label impacts
as environmental benefits or costs, but only as impacts to be valued by
others. The approach also argues against the aggregation of impacts.

Matrix Analysis of Alternatives for Water Resource Development (USACOE,
1972; Checklist). Despite the title, this methodology can be considered to
be a checklist under the definitions used here. Although a display
matrix is used to summarize and compare the impacts of project alter-
natives, impacts are not linked to specific project actions. The
approach was developed to deal specifically with reservoir construc-
tion projects but could be readily adapted to other project types.

Potential impacts are identified within three broad objectives: envi-
ronmental quality, human life quality, and economics. For each impact
type identified, a series of factors is described to show possible mea-
surable indicators. Impact magnitude is not measured in physical
units but by a relative impact system. This system assigns the future
state of an environmental characteristic without the project a score of
zero; it then assigns the project alternative possessing the greatest
impact on that characteristic a score of �5 (for positive impact) or �5
(for negative impact). The raw scores thus obtained are multiplied by
weights determined subjectively by the impact analysis team.

Like the Georgia approach (University of Georgia, 1971), this
methodology tests for the significance of differences between alterna-
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tives by introducing stochastic error factors and conducting repeated
runs. The statistical manipulations are different from those used in
the Georgia approach, however, and are considered by Corps writers to
be more valid.

Resource requirements of this methodology are variable. Since spe-
cific level types of data are not required, data needs are quite flexible.
The consideration of error, however, requires specific skills and com-
puter facilities.

Major limitations of the approach, aside from the required comput-
erization, are the lack of clear guidelines about exactly how to measure
impacts and the lack of guidance about how the future “no project”
state is to be defined in the analysis. Without careful description of the
assumptions made, replicability of analyses using this approach may
be low, since only relative measures are used. Since all measurements
are relative, it may be difficult to deal with impacts that are not clear-
ly definable as gains or losses.

The key ideas of wider interest incorporated in this approach include
reliance upon relative, rather than absolute, impact measurement; sta-
tistical tests of significance with error introduction; and specific use of
the “no project” condition as a baseline for impact evaluation.

A Manual for Conducting Environmental Impact Studies (Walton and Lewis,
1971; Checklist). This methodology is a checklist, unique in its almost
total reliance upon social impact categories and strong public participa-
tion. The approach was developed for evaluating highway alternatives
and identifies different impact analysis procedures for the conceptual,
corridor, and design states of highway planning. All impacts are mea-
sured either by their dollar value or by a weighted function of the num-
ber of persons affected. (The weights used are to be determined
subjectively by the study team.) The basis for most measurements is a
personal interview with a representative of each facility or service
affected.

Resource requirements for such a technique are highly sensitive to
project scale. The extensive interviewing required may make the
approach impractical for many medium-sized or large projects,
because agencies preparing impact statements seldom have the neces-
sary labor or money to contract for such extensive interviewing.

Analyses produced by the approach may have very low replicability.
This results from the lack of specific data used and the criticality of the
decision regarding boundaries of the analysis, since many impacts are
measured in numbers of people affected. There is also no means of sys-
tematically accounting for the extent to which these people are affected.

The key ideas of broader interest put forth by the approach are the
use of only social impacts, without direct consideration of physical
impacts (e.g., pollution, ecology changes); the heavy dependence upon
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public involvement and specific suggestions about how the public may
be involved; and the recognition of the need for different analyses of
different project development stages. If vigorously applied, the inten-
sive incorporation of public sentiment may achieve a desirable end-
point in spite of the lack of technical rigor.

Environmental Guidelines (Western Systems, 1971; Ad hoc). The environ-
mental guidelines are intended primarily as a planning tool for siting
power generation and power transmission facilities. However, they
address many of the concerns of environmental impact analysis and
have been used to prepare impact statements. Viewed as an impact
assessment methodology, the approach is an ad hoc procedure, sug-
gesting general areas and types of impacts but not listing specific
parameters to examine.

The approach considers a range of pollution, ecological, economic
(business economics), and social impacts; however, it does not address
secondary impacts, such as induced growth or energy use patterns.
The format of the approach is an outline of considerations important
to the selection of sites for each of several types of facilities (e.g., ther-
mal generating plants, transmission lines, hydroelectrical and
pumped storage, and substations). An additional section offers sugges-
tions for a public information program.

Since the approach does not suggest specific means of measuring or
evaluating impacts, no particular types of data or resources are
required. The application of this approach is limited to the siting of
electric power facilities, with little carryover to other project types.

6.6 Future Directions

This chapter has provided guidance for choosing an environmental
impact assessment methodology, a description of six general categories
of methodologies, criteria for reviewing a given methodology to deter-
mine its weaknesses and strengths, a description of selected methodolo-
gies, and a reference listing of other methodologies, with a notation of
the general category in which each of these methodologies can be clas-
sified. As mentioned previously in this chapter, depending upon the spe-
cific needs of the user and the type of project being undertaken, one
particular methodology may be more useful than another. While it is
possible to select one of the methodologies mentioned here for use by an
agency to solve its specific needs for environmental impact analysis, no
one methodology can effectively and economically be utilized for major
agency programs. An agency, using the information and systems devel-
oped under existing methodologies, should investigate the feasibility of
developing procedures and systems to address its specific needs for envi-
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ronmental impact analysis. In the long run, this can provide substantial
cost savings and allow the agency to prepare meaningful and compre-
hensive environmental analyses.

Several new methodologies have been introduced since an earlier ver-
sion of this chapter was first prepared in the mid-1970s as a research
report. The information presented here is designed to acquaint the read-
er with general types of methodologies and provide illustrative exam-
ples of some available methodologies. Any written text captures only a
small window in time and cannot be considered to cover comprehen-
sively all existing methodologies for impact analysis. Other approaches
termed “multiattribute utility theory,” “systems diagrams,” and “simu-
lation modeling” may be viewed as other ways of grouping the basic
methodologies described here. The Further Readings section provides
information about these approaches and methodologies.

It is important to note that the CEQ regulations emphasize using an
analytic rather than an encyclopedic approach to impact analysis. This
approach is expected to cut down the unnecessary bulk of environ-
mental documents and should make the documents more useful to the
decision makers. Consequently, in evaluating an impact analysis
methodology, one should consider the extent to which the methodology
provides analytic information as one of the important criteria for its
usefulness. New methodologies are expected to include more analytic
techniques than in the past.

6.7 Discussion and Study Questions

1 Take another look at the local project you studied in Discussion Question 4
following Chapter 5. What would be the advantages and disadvantages of each
of the six methodologies (presented in Sec. 6.2) if they were to be applied to
assess the environmental impact of this project? Which of the techniques
would you recommend? Why?

2 Briefly review recent EISs developed by three different federal agencies. Is
the type of assessment methodology stated? May it be inferred from the con-
tent and coverage of the document?

3 Assume you are charged with the responsibility of producing, for a govern-
ment agency, a handbook to be used as guidance in preparing their EISs. How
would you set about deciding which assessment methodology (or combination)
would best be used as a basis for this handbook?

4 Identify a major federal agency with offices in your area. Obtain the EIS
preparation guidelines for that agency or your own agency, and review them
to determine which assessment methodology (or combination) is used within
the agency.
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6.8 Further Readings

Brouwer, Floor. Integrated Environmental Modeling: Design and Tools. Boston: Kluwer
Academic Publishers, 1987.

Costanza, Robert, and Matthias Ruth. “Using Dynamic Modeling to Scope
Environmental Problems and Build Consensus.” Environmental Management,
22:183–195, 1998.

Morgan, R. K. Environmental Impact Assessment: A Methodological Perspective. Boston:
Kluwer Academic Publishers, 1998.

Rossini, Frederick A., and Alan L. Porter, eds. Integrated Impact Assessment. Boulder,
Colo.,: Westview Press, 1983.
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193

Generalized Approach
for Environmental Assessment

Most federal agencies are large organizations with diversified activi-
ties and programs. To assess the environmental impact of implement-
ing agency programs, most agencies have developed systematic
procedures and agency-specific guidelines for preparing environmen-
tal documentation. A generalized approach for environmental assess-
ment system development for an agency is shown in Fig. 7.1. Figure
7.2 provides a generalized flowchart for integration of the NEPA
requirements into the agency planning process.

7.1 Agency Activities

In utilizing this generalized approach, the first thing one has to do is
to become familiar with and categorize agency activities and actions
such that these activities could be related to potential environmental
impacts. When categorizing agency activities, one has to intimately
understand the various functions, programs, and operations of the
agency and its components. The agency activities may be categorized
into a hierarchical structure as shown below:

Functional area

Program

Subprogram

Basic activities

To provide the reader with an example of how this is typically
accomplished, the following paragraphs describe a case study for U.S.
Army military programs.

Chapter

7
Source: Environmental Assessment
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Case study

In developing a methodology for relating Army activities to potential
environmental impacts, it was necessary to develop a scheme for cate-
gorizing and classifying all Army activities in a systematic way (Jain et
al., 1973). To develop a classification system, consideration was given to

1. Classification, based on the Fiscal Code, as documented in Army
regulations

2. Classification of Army activities by installation

3. Classification based on the Army environmental impact guidelines

It was recognized that, individually, each of the above approaches
created unique problems regarding the scope and amount of detail
required. For example, if only existing installations were invento-
ried, the system would have been inflexible and would not have been
capable of incorporating potential impacts in areas other than those
specifically identified in the database. New installations would then
have to be totally assessed and entered as a specific addition to the
database. Also, in order to assess impacts at a specified installation,

194 Chapter Seven

Agency activities (A)

SYSTEM:
Relate A to B
Constrained by C
Filtered through D

PRODUCT:
Information for use in:
  • Preparation of EA or EIS
  • Making environmentally
     aware agency decisions

Environmental
setting (D)

Environmental
attribute (B)

Institutional
constraints (C)

INPUT

OUTPUT

Figure 7.1 Generalized approach for performing environmental assessment.
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Generalized Approach for Environmental Assessment 195

Initiation of planning/decision making for a major federal action

In-house identification of issues, authorities, and agencies

Publish notice of intent to prepare environmental impact statement
(§§ 1508.22; 1501.7; and 1506.6)*

Extend invitation to participate Announce forthcoming
(§ 1501.7(a)(1)) scoping notice

(§ 1506.6)

Publish notice of proposed scope and invite comment
(§§ 1501.7 and 1506.6)

Determine scope and significant Eliminate issues not significant to
issues to be analyzed analysis
(§§ 1508.25 and 1501.7(a)(2)) (§ 1501.7(a)(3))

Explore incorporation by reference Target other environmental review
and adoption opportunities laws/processes to be undertaken
(§§ 1502.21 and 1506.3) concurrently as well as separate

documentation requirements
(§§ 1502.25 and 1501.7(a)(5))

Examine pertinent state and Designate lead/joint lead and
local procedures cooperating agencies
(§ 1506.2) (§§ 1501.5; 1501.6; and 1506.2(c))

Allocate assignments among lead/
cooperating agencies
(§ 1501.7(a)(4))

Establish time limits Fix page limits
(§ 1501.8) (§ 1502.7)

Review comments and determine scope of analysis
(§  1506.6)

Proceed according to plan and schedule established in final scope

Figure 7.2 Building NEPA considerations into decision making.
* Section numbers refer to the CEQ regulations, 40CFR1500 (see Appendix D).
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it would be necessary to review the baseline data for that specific
site. Such information is usually not available in sufficient detail or
appropriate format. Hence, specific installation review for develop-
ment of basic activities associated with implementing Army pro-
grams was not possible.

Therefore, after active consultation with the potential users and
careful review of agency guidance, a classification scheme was devel-
oped which synthesized the above approaches. This scheme generated
the nine Army functional areas shown below:

1. Construction projects

2. Operation, maintenance, and repair

3. Training—basic to large-scale maneuvers

4. Mission changes which increase or decrease the number or type of
personnel at the installation or change the activities of the people

5. Real estate acquisition or outleases or disposal of land

6. Procurement

7. Industrial plants

8. Research, development, test, and evaluation

9. Administration and support

These functional areas were defined to encompass all Army activi-
ties. For each functional area, basic activities were identified. In most
cases, the activities identified were at such a level of detail that it was
necessary to relate them to the functional area through a hierarchy of
activities. Therefore, for most functional areas, a hierarchy of Army
activities was established as follows:

Functional area

Program

Subprogram

Aggregate activities

Detailed activities

Due to variations in the nature of the functional areas, some of the
hierarchical levels were omitted in some functional areas. Further
details concerning how the activities for Army military programs
were developed are described in the research report that formed the
basis for developing a comprehensive environmental impact assess-
ment system for application to Army military programs (Jain et al.,
1973).
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In addition to categorizing agency activities, it is necessary to devel-
op a list of representative major actions and programs of an agency
that might have a significant environmental impact, or whose impact,
if implemented, might be considered controversial. If the agency is
active in development programs, past experience alone may serve as a
basis for selection of activities known to have caused problems in the
past. Such experience is surely the best possible basis for a selection.

7.2 Environmental Attributes*

In order to relate agency activities to potential environmental impacts,
it is desirable to categorize the elements of the environment into sub-
sets. It should be recognized that the environment is a continuum and
that there is interaction between the various environmental parame-
ters. A minor impact on an environmental parameter could have more
serious and far-reaching secondary or indirect impacts on other param-
eters of the environment. For example, removal of vegetation may
cause excessive soil erosion, which may cause excessive sediments in
the receiving stream. This, in turn, will reduce the amount of sunlight
that can penetrate the water, thus reducing the dissolved oxygen in
the water. Dissolved oxygen plays an important role in the biological
economy of water. Reduction of dissolved oxygen will adversely affect
aquatic life and water quality of the stream.

The environmental attributes can be categorized into different sub-
sets, depending upon the level of detailed information required and
the particular needs of the agency. For example, it might be desirable
to develop three different types and levels of attributes. These could be

1. Detailed attribute

2. Review level attribute

3. Controversial attribute

The detailed attribute may be used to describe the conditions of the
environment; any changes in the attribute would indicate changes in
the environment. A review level attribute may provide an overview of
the nature of the potential impacts. As such, this kind of parameter
could be useful for summarizing the potential environmental impacts
and providing synoptic information for personnel at the management
level. Controversial attributes may be those parameters which, when
affected by the agency’s activity, are likely to produce an adverse pub-
lic reaction or controversy.
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It is not sufficient to develop a list of environmental attributes. It is
also necessary to give substance and meaning to these parameters by
providing scientific information, such as definition of the attribute, how
human activity might affect this attribute, how this attribute can be
measured, and how this relates to other environmental attributes.
Information of this type for 49 selected attributes is included in Appendix
B. These 49 attributes would correspond roughly to review level attrib-
utes—clearly the environmental parameters for all specific proposals
cannot be fully described using only this set of attributes. Using these as
examples, the reviewer should determine the actual attributes for the
project at hand, which may mean adding to or deleting from this list.

Description.

The following paragraphs give further information and delineate the
items included in characterizing the attributes.

Definition of the attribute. This item defines the environmental
attribute. The definition also explains how the attribute relates to the
environment.

Activities that affect the attribute. This item contains examples of
human activities and suggests what type of activity affects the subject
attribute.

Source of effects. This item provides a brief discussion of some of the
potential ways human activities will cause an impact on the subject
environmental attribute.

It should be noted that these descriptions are intended to give the
reader an overview of each attribute in the context of its role in impact
analysis. None of the descriptions should be considered complete, as
many of the individual subject areas themselves form the basis for
complete texts. It is anticipated that familiarity with these 49 attri-
butes can serve to expedite communication between disciplines. This
communication problem can be overcome when the participants attain
some understanding of each other’s terminology, problems, and diffi-
culties in achieving solutions to those problems.

Variables to be measured. This item discusses the real world vari-
ables that are to be measured to indicate environmental impact. If
necessary, the relationship of the measurement to the attribute is
also discussed.

How variables are measured. This is one of the most important items in
the attribute description. To the greatest extent possible, the methods
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for measuring impact on the variables are presented here. This
includes information on sources of data that can be used to assist in
measuring impact, primarily secondary data sources. References to
additional technical materials that are required to adequately measure
changes in the variables may be included. The types of skills that may
be required in measuring impact on the variables are also discussed.
For example, no special skill is required for collecting census data from
published reports, but for measuring sound levels, detailed technical
capabilities and equipment may be required. The need for these capa-
bilities is identified in this item. Special instruments for measuring
impact, to the extent that they are required, are also identified.

Evaluation and interpretation of data. When the data regarding the
impact have been collected, an additional step is required to determine
whether the impact on the subject attribute is favorable or unfavor-
able. In addition, the evaluation of the severity of impact is also dis-
cussed. For some attributes, the method for converting the changes in
the variable into another indicator of impact is presented. This per-
mits comparison to other environmental attributes. Other attributes
are not as easily evaluated, and evaluation of the impact may require
considerable professional expertise.

Special conditions. This item discusses the special measurement prob-
lems or difficulties that may be encountered in determining the impact
on the subject attribute. These special conditions stem from poor avail-
ability of secondary data. If necessary, this item discusses the type and
necessity of special measurement techniques. Examples of the special
conditions would be the necessity for survey data regarding community
values to provide baseline data for some of the impacts in the human
environment category. Another example would be the need for extreme-
ly complicated measurement instruments, which may require special
expertise.

Geographical and temporal limitations. Discussed here are the potential
problems that might arise because of different geographical or time
locations of impacts on the attribute. For example, many of the land
attributes will have varying impacts, depending on the geographical
location of the subject activity.

Mitigation of impact. Each environmental attribute has the potential
for being affected by human activities. However, it is also possible for
the activities to be modified in such a way as to reduce the impact on
the attributes. In this section, the methods for reducing impacts are
discussed.
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Secondary effects. Impacts on other aspects or attributes of the envi-
ronment may result in a secondary or an indirect manner. For exam-
ple, an aircraft runway modification project may alter flight patterns,
directly changing the sound levels in adjacent areas. These could lead
to a shift in land-use development, followed by a variety of biophysical
and socioeconomic effects.

Other comments. This item is reserved for information that does not fall
within any of the other items relating to the environmental attributes.

Procedure for using the attribute descriptor
package

The evaluation of environmental impact on an attribute-by-attribute
basis involves a straightforward review of each attribute description,
keeping in mind the activity that may cause the impact. As the
attribute is reviewed, the data collected, and the impacts identified,
entries should be made in an environmental attribute list to indicate
the potential impact of the human activity on the environment. A pro-
cedure for using the attribute descriptor package in the preparation of
an EA or EIS is given in Appendix C.

7.3 Institutional Constraints

Implementation of a project, action, policy statement, or regulation is
subject to institutional constraints, such as emission standards for air
quality control, effluent standards for wastewater discharge, and noise
pressure levels for acceptable land uses. These institutional con-
straints could include federal, state, regional, or local environmental
regulations, standards, or guidelines; as such, these could place severe
constraints on the implementation of projects or actions. It is, there-
fore, important to carefully consider these institutional constraints in
the environmental impact analysis process.

Since there are vast numbers of environmental regulations, and
there is also the overlapping of agency jurisdictions, it is not always
possible to obtain information regarding institutional constraints
easily and expeditiously. To help solve this problem, many environ-
mental legislative data systems have been developed. An overview
of environmental laws and regulations and the various regulatory
and legislative data systems is provided in Chapter 2. If you iden-
tify nonregulatory constraints which may drive decision making,
such as public opinion or internal agency goals, do not be afraid to
capture these in the same manner as is described here for regula-
tory constraints.

200 Chapter Seven

Generalized Approach for Environmental Assessment

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



7.4 Environmental Setting

Depending upon the environmental setting (or environmental base-
line) at a location where the project or action is to be implemented, the
relative importance or even the existence of an impact would vary.
Consequently, when utilizing a generalized EA system, provisions
need to be made for incorporating the site-specific environmental set-
ting or baseline. In a systematic procedure, environmental baseline
information serves as a quasi-filtering mechanism, eliminating con-
sideration of impacts unrelated to the specific site. Some types of
impacts are, in fact, generated by the setting alone. An example would
be proposing to locate a new building on a site that happens to be the
critical habitat for an endangered species.

7.5 System

The following refers to the input sources identified in Fig. 7.1. After
developing a set of typical agency activities A, applying appropriate
environmental parameters B, identifying relevant institutional con-
straints C, and applying information on environmental baseline char-
acteristics D, a system needs to be developed to relate A to B, using C
as a constraint and D as a filtering mechanism. This “system” could be
just as simple as an organized thought process or a manual storage
and manipulation system, or as elaborate as a computer-aided system.
Benefits and rationale for utilizing a computer-aided system for such
an analysis are discussed in Section 7.7.

7.6 Output

Output from such a system should be structured to provide informa-
tion necessary for preparing an EA or EIS and for making environ-
mentally compatible management decisions. This output could include

1. An impact matrix relating activities to potential environmental
impacts

2. Abatement and mitigation techniques

3. Analytical cause-and-effect relationships providing quantitative
information for some environmental areas

4. Institutional constraints which must be considered

7.7 Rationale for a Computer-Based System

As discussed previously, one of the options for systematizing the gen-
eralized approach for environmental assessment analysis is to use a
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computer-aided system. When one discusses utilization of computer-
aided systems for environmental impact analysis, many questions
arise, such as

1. Can a meaningful computer-aided system be developed which is
practical, useful, and cost-effective, but does not provide mechani-
cal solutions to important environmental impact analysis prob-
lems?

2. Can any systematic procedure, computer-aided or otherwise, be
developed for environmental impact analysis?

Before establishing a need for a computer-aided system, it might be
well to look at some of the general problems associated with preparing
an EA or EIS. After discussions with agency personnel charged with
preparing these documents, the following problems have been identified:

1. The cost of preparing an EA or EIS is  (often) extremely high.

2. The interdisciplinary expertise required by NEPA to prepare an EA
or EIS is not always available within the staffs of agencies.

3. Even with availability of interdisciplinary expertise, it is not
always possible to determine secondary and cumulative impacts
which would result from implementation of a given action. This
means that additional fundamental research is needed to identify,
in a meaningful way, the secondary and cumulative impacts of an
action.

4. A vast amount of environmental information is scattered in various
publications, reports, standards, and technical manuals. It is nei-
ther convenient nor economically feasible to scan all these informa-
tion sources to make environmentally compatible decisions or to
prepare an environmental impact assessment. It may not be eco-
nomically feasible, for example, to obtain the necessary environ-
mental regulatory information for preparing a comprehensive EA or
EIS. For this reason alone, an efficient and cost-effective system for
storing and accessing data is needed. This requirement leads,
almost inevitably, to a computer-aided system.

5. For some environmental impact analysis problems, it is necessary
to develop cause-and-effect analytical models. It would not be pos-
sible to operate these analytical models economically without the
aid of computer systems.

To address the above-cited problems, a computer-aided system may
be the answer. A computer-aided system does not imply a mechanical
system which would solve complex environmental problems mecha-
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nistically, but rather a system that would provide a tool to allow the
user to address these problems in a comprehensive and systematic
manner. One such system, called the Environmental Impact
Computer System, was developed at the U.S. Army Construction
Engineering Research Laboratory (Jain et al., 1973; Lee et al., 1974;
Urban et al., 1974).

Geographic Information Systems as a tool
for environmental assessment

Geographic Information Systems (GIS) are becoming a standard tool
for use in environmental assessment and analysis due to the height-
ened complexity and volume of information gathered. In recent years,
an increased demand for the efficient storage, analysis, and display of
environmental data has led to use of computers and the development
of sophisticated information systems, including GIS. GIS enables
users to display and compare spatial data from a geographic location
for a particular set of objectives. The combination of GIS with associ-
ated data sources, such as remote sensing imagery, is becoming com-
mon in environmental monitoring and assessment. The ability to
manage voluminous sets of data from different origins, formats, and
scales allows analysts to approach environmental studies in different
manners (Silveira et al., 1996).

GISs developed in the late 1960s and by the mid-1970s were already
being used for EIA. The overlay technique, discussed in Chapter 6,
was computerized in the early 1970s and first used for siting power
lines and roads. Improvements in GIS enabled its use for environ-
mental assessment and analysis. These applications, however, have
yet to make full use of current GIS capabilities. (Haklay et al., 1998).

Using GIS as an environmental modeling tool allows modelers to
incorporate database capabilities, data visualization, and analytical
tools in a single integrated environment. Recent surveys, however,
have shown that while GIS is widely used as a tool in environmen-
tal assessment, its use is largely limited to basic GIS functions such
as map production, overlay, and buffering (Haklay et al., 1998). This
utilization does not take full advantage of the spatial analysis and
modeling capabilities of GIS. Future applications of GIS in environ-
mental assessment must evolve from the simple storage and display
of data to include more sophisticated data analysis and modeling
capabilities. An example might be evaluation of the compatibility of
a proposed activity with the soils and vegetation at several possible
project sites. While simple overlays may show the intersection of
several elements, advanced GIS programs are able to evaluate and
rank suitability for many factors simultaneously. The development
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of intelligent GIS (IGIS) to support spatial analysis decisions will
play a large role in environmental research in the near future
(Silveira et al., 1996).

Current GISs manage data through four processes. Encoding is the
process of creating digital abstractions of the real world, storage is the
ability to effectively handle these data, analysis is the correlation of
spatial data to variables, and finally, the results are shown through a
display process. For modelers to take full advantage of GIS in complex
modeling capabilities, the integration of the two systems must be
tightly coupled (Karimi et al., 1996). Limitations in current GIS make
tight coupling with other systems difficult; for GISs to provide a sim-
ple environment for modeling activities, it must be improved.

Although the use of GIS in EIA provides many benefits, there are
several factors that may limit its applicability. Many of these limita-
tions are related to economics. A substantial amount of time and cost
are required for compiling the necessary data, establishing a GIS, and
analyzing the system’s output. Adding to the cost, specialized person-
nel will be required for the operation and maintenance of a GIS. When
using GIS in preparation for EIA, the personnel would need to be tech-
nically knowledgeable not only about the system, but also in the envi-
ronmental issues it would address. The economic concerns may be
particularly relevant in using GIS for EIA preparation because, often-
times, EIAs are conducted by private consultants operating in a high-
ly cost-competitive market (Haklay et al., 1998).

In addition to economic limitations, there are other concerns with
using GIS, or other computer aids, for EIA. The lack of data, the cost
of such data, and their level of accuracy often reduce the applicability
of GIS for low-cost, small-scale projects. Additionally, as with many
highly technical systems, there is the danger of “tunnel vision.” It is
easy for the user to assume that all factors and considerations have
been accounted for within the system. Consequently, users may over-
look other factors that are essential to the local environment and not
covered by the system. Similarly, as with the use of expert systems,
there is the danger that the user will view the system as a “black box.”
The system takes inputs and generates outputs; the reasoning process
has been hidden away within the system, and the internal process may
be unknown and its potential shortcomings not considered.
Furthermore, individual judgments and values have been internalized
within the system. The knowledge bases contain “facts” (actual data or
sometimes estimates) gathered by various specialists. Choices con-
cerning what information should be included within these knowledge
bases are based upon the judgments of individuals. These choices will
reflect individual values as well as more objective criteria related to
the specialization of the experts involved. The use of computer systems
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does not allow these choices to be openly scrutinized by the user and/or
other peers; the information is stored away within the computer.
Further, some data sets may contain sensitive spatial data whose
release is not allowed, such as the location of archaeological sites.
These data are necessary to prepare the analysis, but should not be
visible to observers without a need to know. Overall, the increased use
of technology to process large amounts of data is establishing a barri-
er between the user and the process impact identification. The danger
is that users will unquestioningly take expert system results and act
on them without understanding the process and considering the out-
puts more carefully (Morgan, 1998).

In summary, although the potential of GIS for EIA analyses is
understood, few actual applications of GIS have made full use of its
analytical capabilities. Only a small number of agencies and consul-
tants possess the full complement of skills and resources to perform
analyses at this higher level. Broader use of this higher-level approach
will require improvements within GIS as well as the development of a
higher level of personnel expertise and significant reduction in the
time and cost required to do so. These problems can be expected to be
an especially significant constraint on the regular use of advanced GIS
techniques for EIA, considering the stringent time and cost con-
straints under which EIAs need to be completed. With improvements
in these limiting factors, however, much of the EIA process could
potentially be largely automated through advances such as use of uni-
versal local or regional databases available to all users, and standard-
ized analytical tools developed specifically for this purpose. In time,
the GIS may be the best ally of the environmental impact profession.

7.8 Discussion and Study Questions

1 Select a proposed (or hypothetical) project which will be (or might be) sited
in your area. An airport, landfill, highway bypass, and prison are good exam-
ples. Using a life-cycle approach, develop an outline which includes planning,
land acquisition, construction, operation, and decommissioning.  Develop addi-
tional levels of detail to the degree necessary to adequately describe the 
project to an interdisciplinary group which would evaluate possible environ-
mental impacts of the project.

2 Create an interdisciplinary team and, utilizing the approach outlined in
this chapter and the project description and related activities described in
question 1, above, develop a draft environmental impact statement. If time
does not allow preparation of full text, a detailed outline will illustrate most of
the principles.

3 Obtain examples of environmental analyses that used GIS. How was the
GIS used—mapping, analysis, or both?
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207

Procedure for
Reviewing Environmental

Impact Statements

It may be said that an agency’s work is just beginning, rather than
completed, when an EIS has been prepared. In fact, EISs are intend-
ed to be reviewed at many different levels within the proponent
agency, as well as by other federal and state agencies with jurisdiction
by law or special expertise with respect to environmental impacts. It
is normal that formal findings of one federal agency may be reviewed
at higher levels. This is also the case for EISs. Reviews of these docu-
ments are also made by conservation, environmental, and other public
interest groups and by concerned members of the community, espe-
cially those who might be affected by the implementation of the project
or the action.

Finally, and perhaps most importantly, EIS findings are reviewed by
decision makers, who must consider the results of the NEPA process
along with economic and technical considerations prior to the imple-
mentation of an agency decision. In view of the involvement of persons
at various levels and organizations in the review of EIS documents,
and the number of such documents that may be encountered, it is rea-
sonable for an agency to develop specific procedures for reviewing EISs
in an efficient and objective manner. This chapter discusses proce-
dures that may be utilized to accomplish these goals.

A review procedure can be used by both the reviewer and the prepar-
er of an EIS document for ascertaining the completeness, accuracy, and
validity of the document. However, it should be kept in mind that as new
requirements for the EIS documents are levied, and as environmental
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concerns include new areas, such as energy and resource conservation,
any review procedure would also require updating to meet the new
demands.

In general, a review procedure should allow the reviewer to (1)
ascertain the completeness of the EIS document, (2) assess the validi-
ty and accuracy of the information presented, and (3) become familiar
with the project very quickly and ask substantive questions to deter-
mine whether any part of the document needs additional work and/or
strengthening. The concerns of the many different persons at different
levels are quite variable. A single technique or procedure may not meet
all needs. Processes which were designed for EIS preparation may not
be ideal for use in a review mode. Therefore one “procedure” may con-
sist of several very different steps with widely varying characteristics.

8.1 Types of EIS Review

Who needs or wishes to review an EIS? Is this an occasional require-
ment or a daily routine? Do the reviewers have special expertise? Is
the reviewer also a decision maker? There are a wide variety of indi-
viduals, groups, and/or agencies who may be involved in the review
process. Each review may be conducted for a different purpose, at a
different location, and from a different perspective by the reviewer(s).
The following are typical of the review situations that may occur.

Internal review

In order that EIS documents meet the test of scrutiny by other agencies
and the public while fulfilling NEPA and CEQ requirements, it is essen-
tial that a sound system of intraagency review be established and fol-
lowed. Pending or threatened litigation, potentially costly delays,
presentation of a poor public image, and the likelihood of embarrassing
internal and external squabbles can be minimized or (in most cases)
avoided if systematic steps are taken to ensure that all NEPA-related
environmental documents are reviewed for administrative (or legal)
compliance, objectivity, writing style, and technical content. If inade-
quacies are uncovered in a rigorous internal review process, these prob-
lems may be solved prior to the public release of the document.

Interagency review

Following the preparation of a draft EIS and before completion of a
final EIS, the proponent agency is required to obtain the comments of
any federal agency which has jurisdiction by law or possesses “special
expertise” with respect to any environmental impact involved or which
is authorized to develop and enforce environmental standards. These
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comments are required to be solicited in addition to other specific
statutory obligations requiring counsel or coordination with other fed-
eral or state agencies (such as that resulting from legislation such as
the Fish and Wildlife Coordination Act, the National Historic
Preservation Act of 1966, the Endangered Species Act of 1973, and oth-
er environmental review laws and executive orders).

Beyond the statutory reviews, the agency must request the com-
ments of (1) appropriate state and local agencies which are authorized
to develop and enforce environmental standards, (2) American Indian
(Native American) tribes when potentially affected, and (3) any other
agency which has requested that it receive statements on actions of the
kind proposed. A system of state and area clearinghouses of the Office
of Management and Budget (OMB) provides a means for obtaining
state and local review, and this mechanism may be used through mutu-
al agreement of the lead agency and the clearinghouse. As noted in
Chapter 4, however, a delay in receipt caused by slow redistribution by
the clearinghouse may result in serious consequences to the proponent
agency. Critical reviewers should receive documents directly.

EPA review

Each draft EIS and final EIS, together with comments received and
responses made (in the case of a final EIS) must be filed with the EPA
as specified in Sec.1506.9 of the CEQ regulations. Five copies, accom-
panied by a letter of transmittal prepared by the agency filing the EIS
(or usually the lead agency if more than one is involved, are sent to
the EPA at the appropriate address specified on its web site. The EPA,
in turn, delivers one copy to the CEQ, thereby satisfying the NEPA
requirement of availability to the president. The EPA follows a formal
review procedure in evaluating the statements and publishing the
results of its review in the Federal Register; summaries of its findings
are also published on its web site.

For draft statements, the EPA considers two categories: environ-
mental impact of the action and adequacy of the statement. Under
environmental impact, the statement may be classified as lack of
objections (LO), environmental concerns (EC), environmental objec-
tions (EO), or environmentally unsatisfactory (EU). Under adequacy of
the impact statement, the document may be rated as Category 1 (ade-
quate), Category 2 (insufficient information), or Category 3 (inade-
quate). A summary explanation of these classifications is presented in
Fig. 8.1. For each draft EIS which was rated EO, EU, or Category 3,
the EPA must initiate a formal consultation process with the lead
agency. These consultations will continue at increasing levels of man-
agement until the EPA’s concerns are resolved or until it is determined
that further negotiations are “pointless.”
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210 Chapter Eight

Summary of EPA Rating Definitions

•  EPA's rating system was developed as a means to summarize EPA's level of concern 
with a proposed action.

•   The ratings are a combination of alphabetical categories that signify EPA's evaluation of 
the environmental impacts of the proposal and numerical categories that signify an 
evaluation of the adequacy of the EIS.

Environmental Impact of the Action

LO (Lack of Objections)
The EPA review has not identified any potential environmental impacts requiring substantive 
changes to the proposal. The review may have disclosed opportunities for application of mitiga-
tion measures that could be accomplished with no more than minor changes to the proposal.
EC (Environmental Concerns)
The EPA review has identified environmental impacts that should be avoided in order to fully pro-
tect the environment. Corrective measures may require changes to the preferred alternative or 
application of mitigation measures that can reduce the environmental impact. EPA would like to 
work with the lead agency to reduce these impacts.
EO (Environmental Objections)
The EPA review has identified significant environmental impacts that must be avoided in order to 
provide adequate protection for the environment. Corrective measures may require substantial 
changes to the preferred alternative or consideration of some other project alternative (including 
the no action alternative or a new alternative). EPA intends to work with the lead agency to reduce 
these impacts.
EU (Environmentally Unsatisfactory)
The EPA review has identified adverse environmental impacts that are of sufficient magnitude 
that they are unsatisfactory from the standpoint of public health or welfare or environmental qual-
ity. EPA intends to work with the lead agency to reduce these impacts. If the potentially unsatis-
factory impacts are not corrected at the final EIS stage, this proposal will be recommended for 
referral to the CEQ.

Adequacy of the Impact Statement

Category 1 (Adequate)
EPA believes the draft EIS adequately sets forth the environmental impact(s) of the preferred al-
ternative and those of the alternatives reasonably available to the project or action. No further 
analysis or data collection is necessary, but the reviewer may suggest the addition of clarifying 
language or information.
Category 2 (Insufficient Information)
The draft EIS does not contain sufficient information for EPA to fully assess environmental im-
pacts that should be avoided in order to fully protect the environment, or the EPA reviewer has 
identified new reasonably available alternatives that are within the spectrum of alternatives ana-
lyzed in the draft EIS, which could reduce the environmental impacts of the action. The identified 
additional information, data, analyses, or discussion should be included in the final EIS.
Category 3 (Inadequate)
EPA does not believe that the draft EIS adequately assesses potentially significant environmen-
tal impacts of the action, or the EPA reviewer has identified new, reasonably available alterna-
tives that are outside of the spectrum of alternatives analyzed in the draft EIS, which should be 
analyzed in order to reduce the potentially significant environmental impacts. EPA believes that 
the identified additional information, data, analysis, or discussions are of such a magnitude that 
they should have full public review at a draft stage. EPA does not believe that the draft EIS is 
adequate for the purposes of the NEPA and/or CAA Section 309 review, and thus should be for-
mally revised and made available for public comment in a supplemental or revised draft EIS. On 
the basis of the potential significant impacts involved, this proposal could be a candidate for re-
ferral to the CEQ.

Figure 8.1 Draft EIS classification from EPA review.
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It is the EPA’s policy to conduct detailed reviews of those final EISs
which the EPA found to have significant issues at the draft stage.
Although a rating system is not used, the EPA will conduct a detailed
review for those draft EISs rated EO, EU, or Category 3, and will
report its actions in the Federal Register and on the EPA’s Office of
Enforcement and Compliance Assurance web site.

Throughout the EPA review process, a high degree of coordination
between the EPA and the lead agency is encouraged. There is normal-
ly no legal or procedural reason why agency and EPA personnel may
not simply discuss potential problem areas. The willingness of the
agency to initiate a discussion often has a positive effect on the tone of
the comments submitted. Normally, before a low rating is given, an
attempt is made first to obtain a revision of the discussions in the
statement or the specifications of the proposed action, whichever one
is believed by the EPA reviewers to fail to meet the necessary stan-
dards. It must be noted that even a severely negative EPA rating does
not, in itself, constitute rejection of the proposed action, unless it is
associated with a finding that a legal standard, such as a waste dis-
charge, will be violated by the action. A low rating may be, and often
is, cited by plaintiffs in subsequent legal action as evidence of inade-
quate evaluation under NEPA. Thus while the EPA review is not, in
law, an approval process per se, it is still a vital step in the successful
implementation of the agency’s proposal.

Public review

In addition to federal, state, and local agency review, the lead agency
must also request comments from the public, “affirmatively soliciting
comments from those persons or organizations who may be interested
or affected.” Usually, this is accomplished by publishing newspaper
notices regarding the availability of the draft statements, by holding
public hearings, and by maintaining lists of interested conservation
groups and individuals and providing them with project information
and copies of the draft statement.

The review given an EIS document at this level is typically less for-
mal than those previously described. In addition, the reviewer is like-
ly to be biased toward or against the proposed action (or some phase of
it), and the review may be conducted with the objective of identifying
those aspects of the document which support that bias. Experience has
shown that even those persons with strong feelings about a proposal
may be largely or partially accommodated through keeping them
informed at all stages. The courtesy shown in providing timely infor-
mation thus substitutes, at least partially, for making those changes in
the project which fully answer the objections.
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Review for decision making

Ultimately, the EIS document is reviewed again at the agency level.
However, this time it accompanies the proposal through existing
review processes so that agency officials use the statement in making
decisions. Specifically, the EIS is utilized in preparing the Record of
Decision, which includes (1) a statement of the proposed decision, (2)
an identification and discussion of alternatives considered, and (3) a
discussion of mitigations associated with the project.

8.2 General Considerations in EIS Review

Even with the wide variation in reviewers and objectives described
above, it becomes apparent that there are at least three common areas
of concern among the different types of review. These specific areas of
concern may be identified as follows: (1) administrative compliance, (2)
general document overview, and (3) technical content. These areas are
discussed below.

Administrative compliance review

This aspect of review seeks to determine the adequacy of the EIS doc-
ument with respect to the law, the NEPA regulations (40 C.F.R. 1500-
1508), and specific agency EIS preparation and processing
requirements. The basic philosophy of NEPA and the specific require-
ments of NEPA Section 102(2)(C) should serve as a primary basis for
evaluation. Current CEQ regulations provide guidance regarding for-
mat, length, general content outline, and other details which must be
included (see Chapter 4 and Appendix D). Some types of proposals do
not lend themselves to the exact format suggested in the NEPA regu-
lations. To the greatest degree possible, however, all major points must
be included. Finally, specific agency requirements may form the basis
for further review comparisons. As previously mentioned, scrupulous
attention must be paid to the completion of all statutory and regulato-
ry publication, distribution, and processing steps. When a step has
been omitted or modified, this may become an easy target for com-
plaint or litigation.

General document review

The second aspect of EIS review is concerned with clearness, com-
pleteness, and correctness. Clearness refers to the utilization of visual
aids, the use of language and organization (including arrangement
and presentation of data), utilization of headings, and consistency in
physical layout. Completeness refers to the inclusion and coverage of
all reasonable alternatives, incorporation of all necessary supporting
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data and information, and the limitation of that information to only
what is relevant to the project being analyzed. Correctness refers to
ascertaining the validity of the EIS document content.

Specific concerns include reflection of current information, use of
acceptable analysis techniques and adequate references, and presen-
tation without bias. A common complaint which is made in this respect
refers to “conclusory” statements. These are areas where what may be
termed “advertising claims” are stated as fact without supporting evi-
dence, or are tied to possibly unrelated scientific results. Claims of eco-
nomic benefits are among the most common problem areas.
Exaggeration of real but limited benefits may also fall into this cate-
gory. The proponent and preparer should probably believe that the
proposed action is capable of being carried out without undue envi-
ronmental damage, but the evidence presented in the EIS should pro-
vide adequate, verifiable information which will serve to allow the
reviewer to reach the same conclusion.

Technical review

Evaluating an EIS for technical content is perhaps the most difficult
aspect of review; however, it is also probably the most important.
Many of the concerns in technical review are the same as those voiced
in general document review, only now these aspects are more subtle,
often almost hidden in discussions of complex processes and interrela-
tionships. Just as no one person can possess the expertise in all tech-
nical specialty areas necessary for the preparation of an EIS, it is
doubtful that any one individual can accurately determine the techni-
cal adequacy in all categories of a completed EIS document. The tech-
nical review is thus usually the sum of several reviews by specialists.

8.3 EIS Review Procedures

Each of the various groups and persons has a purpose and need for
systematic, structured review procedures for utilization in EIS eval-
uation. Of primary importance are those held by decision makers
who will act upon the statement contents to approve or disapprove a
proposed action. Of secondary importance is the viewpoint held by
those within an agency who check to determine whether the admin-
istrative and legislative requirements for environmental statements
have been met. Furthermore, they must determine whether the
statement contents are complete and accurate prior to release for
extramural review by other governmental agencies and private inter-
ests. Members of the first group (the decision makers) are the pri-
mary ones addressed in the preparation of statements according to
the provisions of NEPA. The act states that environmental measures
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are to be incorporated into the decision-making process. This means
that this group of factors must be considered along with the other
parameters normally used in formulating a decision. Ideally, if a
review procedure for EISs is developed for the decision maker, this
should not hinder the correctness or accuracy of the statement, but
should enhance its value by giving both direction and additional
guidance to the authors of the statement.

The two theoretically possible approaches for review procedures
were first outlined by Warner et al. (1974). The first approach calls for
the decision maker or reviewer (1) to examine the problem, (2) to
develop an independent analysis of the problem situation, and (3) to
compare the results with the document being reviewed. This could be
both time-consuming and expensive in terms of project delay and
labor. It assumes either a small, simplistic document or a large, skilled
available staff to assist in the review. The second alternative is to uti-
lize a set of predetermined evaluation criteria by which the complete-
ness and accuracy of a statement can be tested. This approach can be
utilized with a minimum of labor in a short period of time. The prima-
ry disadvantage is the uncertainty associated with the complete iden-
tification of all inadequacies of the statement. It is possible that by
expanding the number of criteria used in evaluating a statement, few-
er impacts will be missed, since more topic coverage is that it be
required. Another danger in the use of criteria by the decision maker
is that it will tend to increase the possibility that pertinent impacts in
some situations may be missed, especially when the proposed action
does not fit preestablished criteria.

It appears that these two categories (or a combination of the two) do
indeed encompass the alternatives that can be utilized to evaluate
environmental impact statements in a structured, systematic manner.
The development of either an independent analysis or predetermined
evaluation criteria can follow the general methodologies utilized to
identify and assess impacts from proposed government actions prior to
their inclusion in an environmental statement. These methodologies
include checklists, matrices, networks, overlay techniques, and combi-
nation computer-aided techniques. (Descriptions, uses, and procedures
for evaluating the various types of methodologies used in the prepara-
tion of EISs are presented in Chapter 6. Again, each type exhibits
varying advantages and disadvantages when applied to different prob-
lem situations and conditions.)

8.4 Approaches to Systematic EIS Review

Following the implementation of NEPA, a proliferation of methodolo-
gies were developed by which environmental impacts stemming from

214 Chapter Eight

Procedure for Reviewing Environmental Impact Statements

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



governmental actions can be identified and assessed. This is the major
focus of Chapter 6. Documentation of these methodologies and other
NEPA-related literature has been concerned primarily with the mea-
sures that can be utilized to identify, assess, and compare impacts pri-
or to their incorporation in the initial statement. Most of the few pieces
of literature which have addressed the problem of reviewing and eval-
uating EISs have attempted to increase the evaluator’s depth of
understanding in the subject matter associated with the problem area.
The evaluator, familiar with the document, then presumably is better
prepared to examine the statement and either agree or disagree with
its contents as developed by the authors. It can be concluded that there
appear to be only a few examples available by which an evaluator can
compare statements or determine the “worth” of a statement. This sec-
tion presents various approaches to systematic EIS review and sug-
gests other examples related to the review procedure classifications
previously identified.

Independent analysis

In the ideal situation, in order to conduct an independent analysis,
the reviewer should have complete familiarity and knowledge of the
proposed projects and alternatives. Utilizing this information, a
“mini-EIS” is then developed and the resultant analysis compared
with the document being reviewed. If a particular EIS methodology
was utilized in the analysis, this “perfect” reviewer would repeat the
analysis, utilizing either the same or a different methodology, and
compare results. Obviously, the majority of reviews and reviewers
outside the proponent agency would not have this degree of familiar-
ity with the project and its associated alternatives and impacts. In the
real world, most reviewers are short of time and can call upon only a
small support staff—or none at all! At second best, the project purpose
and discussion of alternatives and description of the affected environ-
ment must be sufficiently detailed in the EIS for the reviewer to eval-
uate the environmental consequences of the proposal.

During this independent analysis, the reviewer can utilize a check-
list which can be developed from the outline of EIS content shown in
Fig. 4.2. Other summaries can be developed utilizing general docu-
ment review and technical review considerations. After the review has
been completed, summaries can be reported utilizing the form of the
example suggested in Fig. 8.2. The responsible official and/or decision
maker may then utilize these summaries in determining (1) changes
or modifications needed in the EIS, (2) decisions to release the docu-
ment for public and interagency review, or (3) decisions to proceed
with, modify, or halt the project and/or alternatives.

Procedure for Reviewing Environmental Impact Statements 215

Procedure for Reviewing Environmental Impact Statements

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



Predetermined evaluation criteria

Evaluation criteria for use by reviewers could take many forms. The
form could range from a short, concise statement answering certain
questions concerning the proposed activity to a weighted checklist
which portrays numerical values for different criteria which can be com-
pared to index values. The contents of this analysis could be attached to
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EIS

 Format

 Page Limits

 General Content

    Cover Sheet

    Summary

    Table of Contents

    Purpose & Need Clear

    Alternatives Examined

    Affected Environment

Environmental Consequences

    List of Preparers

    Distribution List

    Index

    Appendix

      Original Studies

      Data Support EIS

      Not Overly Lengthy

Review Factor

(Responsible Official)

Interdisciplinary Preparation

Recommendation:

Approve ———  Disapprove ———

Concur: —————   Nonconcur: —————

Signature: ———————————————

Title: ——————————   Date: ————

Signature: ———————————

Date: —————   Title: —————

Remarks
YES NO

Meets Standards

Administrative Compliance Summary

Figure 8.2 Sample Administrative Compliance Summary form.
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the EIS and utilized in the decision-making process. Majority and
minority opinion of the reviewers could also be included as another deci-
sion parameter to be considered by the responsible official.

Wide variation in missions and programs may exist between agen-
cies and even within one agency. This increases the difficulty in devel-
oping a single set of criteria that can be utilized to evaluate all
federally related projects. The more specialized the agency activities,
the more detailed the criteria that can be utilized, whereas the more
variable the projects that can be encountered, the greater the general-
ization of the criteria. Generalized criteria, if properly selected, still
have the capability of directing the statement review so that it is an
effective tool for decision makers.

A review procedure first suggested in 1975 (Jain et al., 1975) makes
use of evaluation criteria whereby the level of significance of construc-
tion projects could be determined. After determining this level, specif-
ic review criteria are applied to the corresponding level. In applying
this procedure, the characteristics must be known and combined with
a set of screening questions (shown in Table 8.1). These questions
broadly categorize construction projects by their characteristics
according to the extent of potential impacts. The response rating of
these questions is recorded along with the response score. Example
response ratings are shown in Table 8.2 and may be used to guide the
determination of the appropriate response rating and associated score.
The scores may then be summed for the project to provide a total score.
The score provides a rationale to categorize construction project
impacts into three major levels (I, II, and III). Next, the detailed EIS
review criteria are used to review the document.

Project screening questions. The 12 project screening questions in
Table 8.1 were developed (Jain et al., 1975) to categorize potential proj-
ect impacts according to project characteristics, and are slightly mod-
ified here for the present purpose. The questions cover a broad range
of major environmental impacts associated with the construction proj-
ects. These questions are answered either by “yes” or “no,” or by “high,”
“medium,” or “low.” Determination of an answer is based upon
response rating criteria.

Response rating criteria. Specific numeric and qualitative criteria were
developed to determine the answer to each project screening question.
Such criteria prescribe what is meant by a “high,” “medium,” or “low”
(or “yes” or “no”) rating for a particular question.

Example rating criteria presented in Table 8.2 for each screening
question were developed by use of informed professional judgment and
were meant to apply to construction projects. Suggested response rating
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criteria shown in Table 8.2 would have to be modified to apply to other
types of projects and as experience in their use shows shortcomings.

Project screening criteria. Each response rating from Table 8.2 is
assigned a point value of 10, 5, or 0. For each “yes,” a project gets a
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TABLE 8.1 Screening Questions

No. Questions Rating Score

1. What is the approximate cost of the High 10
construction project? Medium 5

Low 0

2. How large is the area affected by the High 10
construction or development activity? Medium 5

Low 0

3. Will there be a large, industrial type of Yes 10
project under construction? No 0

4. Will there be a large, water-related Yes 10
construction activity? No 0

5. Will there be a significant waste discharge Yes 10
or generation or hazardous waste? No 0

6. Will there be a significant disposal of solid Yes 10
waste (quantity and composition) on land No 0
as a result of construction and operation 
of the project?

7. Will there be significant emissions Yes 10
(quantity and quality) to the air as a result No 0
of construction and operation of the project?

8. How large is the affected population? High 10
Low 5
None 0

9. Will the project affect any unique resources Yes 10
(geological, historical, archaeological, cultural, No 0
or endangered or threatened species)?

10. Will the construction be on a floodplain? Yes 10
No 0

11. Will the construction and operation be Yes 10
incompatible with adjoining land use in No 0
terms of aesthetics, noise, odor, 
or general acceptance?

12. Can the existing community infrastructure No 10
handle the new demands placed upon it during Yes 0
construction and operation of the project 
(roads/utilities/health services/vocational 
education/other services)? 
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score of 10; for each “no,” the score is 0; for “high,” “medium,” or “low”
ratings, scores assigned are 10, 5, and 0, respectively. Possible total
scores for all combinations of various construction projects range from
0 to 120. Within this range, the following three levels of projects are
defined:

Level I: Small-impact projects scores 0–60

Level II: Medium-impact projects scores 60–100

Level III: High-impact projects scores �100

Remember, however, that there is no “magic” in the number 100,
120, or any other number at all! This entire system is merely an exam-
ple, and an entirely different one may be constructed which is based on
any set of values across any range.

Review criteria. Review criteria are employed to assess the complete-
ness and accuracy of the impact statement. The review level is estab-
lished by the score of the project screening exercise. These levels (or
other appropriate ranges) may be used to discriminate between proj-
ects that require detailed versus less detailed review. The potentially
high-impact project should be given the most thorough review, while
the others should be given a less intensive review, particularly in the
technical area. Administrative compliance may be evaluated on crite-
ria developed from CEQ regulations (see Fig. 4.2) and general docu-
ment review criteria as suggested in Table 8.3.

Ad hoc review

A third form of review is summarized for the many persons who may
find themselves in the position of occasionally, or even on a one-time
basis, needing to review an EIS but not desiring to employ the
detailed, structured approaches suggested above. For those reviewers,
the following sequence of activities is suggested. It is equally applica-
ble to persons with technical background and to those whose capabili-
ties are entirely administrative.

To perform an ad hoc review,

1. Familiarize yourself with the CEQ-prescribed outline and content
(Fig. 4.2) and the agency’s format and outline, if available. This will
provide you with an idea of the general sequence and format to be
expected as you examine the body of the EIS.

2. Read the summary. This will provide an overview of the project, its
alternatives, and the anticipated environmental consequences.
Does it lack a summary?
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TABLE 8.2 Example Response Rating Criteria

No. Criteria Rating

1.(a) The construction is less than or equal to $10 million. Low
1.(b) The construction cost is �$10 million but �$100 million. Medium
1.(c) The construction cost is �$100 million. High
2.(a) The area affected by construction is �10 acres. Low
2.(b) The area affected by construction is �10 and �50 acres. Medium
2.(c) The area affected by construction is �50 acres. High
3.(a) An industrial-type project costing more than $10 million Yes

is involved
3.(b) Otherwise.* No
4.(a) The large water-related construction project consists of Yes

one or more of the following:
A dam
A dredging operation of 5 miles or longer; disposal 
of dredged spoils
A bank encroachment that reduces the channel width 
by 5 percent
Filling of a marsh, slough, or wetland �5 acres
Continuous filling of 20 or more acres of riverine or 
estuarine marshes
A bridge across a major river (span: 400 feet)

4.(b) Otherwise. No
5.(a)(1) At least one of the following waste materials may be Yes

discharged into the natural streams:
Asbestos
PCB
Heavy metals
Pesticides
Petroleum products
Cyanides
Solvents
Radioactive substances
Other hazardous materials or waste (specify)

5.(a)(2) Rock slides and soil erosion into streams may Yes
occur because

No underpinning is specified for unstable landforms.
No sluice boxes, retention boxes, retention 
basins are specified for excavation and filling.

5.(b) Otherwise. No
6.(a)(1) At least one of the following solid wastes may be

disposed of on land: Yes
Asbestos
PCB
Heavy metals
Pesticides
Cyanides
Radioactive substances
Any designated hazardous waste

6.(a)(2) The solid waste generated is greater than 2 pounds Yes
per capita per day.

6.(b) Otherwise. No
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TABLE 8.2 Example Response Rating Criteria (Continued)

No. Criteria Rating

7.(a)(1) If there are to be
Concrete aggregate plants—EIS does not specify Yes
dust control devices.

7.(a)(2) Hauling operations—EIS does not specify use of Yes
dust control measures.

7.(a)(3) Road grading or land clearing—EIS does not specify Yes
water or chemical dust control.

7.(a)(4) Open burning—EIS does not specify disposal of debris. Yes
7.(a)(5) Unpaved roads—EIS does not specify paved roads on Yes

construction sites.
7.(a)(6) Asphalt plants—EIS does not specify proper dust Yes

control devices.
7.(b) Otherwise. No
8.(a) Fewer than 20 persons are displaced by the project. Low
8.(b) From 20 to 50 persons are displaced by the project. Medium
8.(c) More than 50 persons are displaced by the project. High
9.(a)(1) A rich mineral deposit is located on the construction site. Yes
9.(a)(2) A historical site or building is located at or near the Yes

construction site.
9.(a)(3) A known or potential archaeological site is located Yes

near the construction project.
9.(a)(4) A state or federally listed endangered species is found Yes

in the project area, or habitat is found on the site.
9.(b) Otherwise. No

10.(a) The construction project is on a 100-year floodplain. Yes
10.(b) Otherwise. No
11.(a)(1) No visual screening is specified in the EIS for the Yes

construction site.
11.(a)(2) No progressive reclamation of quarry and/or Yes

disposal sites is proposed.
11.(a)(3) No permissible noise level specifications are stated for Yes

vibrators, pumps, compressors, piledrivers, saws, 
and paving breakers.

11.(b) Otherwise. No
12.(a) The projected demand for community services Yes

exceeds existing or planned capacity. 
These services include

Water supply
Wastewater treatment and disposal
Electric generation
Transportation
Educational and vocational facilities
Cultural and recreational facilities
Health-care facilities
Welfare services
Safety services: fire, flood, etc.

12.(b) Otherwise. No

* “Otherwise” implies that none of the previously mentioned situations are applicable to the
project.
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TABLE 8.3 General Document Review Criteria

Area of concern Criteria

A. Readability 1. Write clearly.
2. Remove all ambiguities.
3. Avoid use of technical jargon; all technical 

terms should be clearly explained.
B. Flavor and focus 1. Do not slant or misinterpret findings.

2. Avoid use of value-imparting adjectives or
phrases.

3. Avoid confusion or mixup among economic,
environmental, and ecological impacts and
productivity.

4. Avoid unsubstantiated generalities.
5. Avoid conflicting statements.

C. Presentation 1. Use consistent format.
2. Use tables, maps, and diagrams to best

advantage.
3. Avoid mistakes in spelling, grammar, and

punctuation.
D. Quantification 1. Use well-defined, acceptable qualitative terms.

2. Quantify factors, effects, uses, and activities that
are readily amenable to quantification.

E. Data 1. Identify all sources.
2. Use up-to-date data.
3. Use field data collection programs as necessary.
4. Use technically approved data collection

procedures.
5. Give reasons for use of unofficial data.

F. Methods and procedure 1. Use quantitative estimation procedures,
techniques, and models for arrival at the best
estimates.

2. Identify and describe all procedures and 
models used.

3. Identify sources of all judgments.
4. Use procedures and models acceptable by

professional standards.
G. Interpretation of findings 1. Consider and discuss all impact areas before any

are dismissed as not applicable.
2. Give thorough treatment to all controversial

issues, and discuss the implications of all results.
3. Consider the implications for each area of a range

of outcomes having significant uncertainty.
4. Analyze each alternative in detail and give

reasons for not selecting it.
5. Scrutinize and justify all interpretations,

procedures, and findings that must stand up
under expert professional scrutiny.
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3. Examine the table of contents to determine the location of various
parts of the EIS. Depending on your familiarity with the project
and/or the affected environment, you may wish to go directly to a
specific section of the document.

4. Study the content of the EIS. Look for those items specifically iden-
tified in Table 8.3.

5. Is there any area or topic on which you do have specialized knowl-
edge or technical expertise? Is the discussion of these points rea-
sonable? Are there obvious errors of fact or confused application of
basic principles in these areas?

6. Focus next on issues and concerns regarding administrative, gen-
eral document, and technical review concerns previously identified.

7. Evaluate the EIS on the basis of your review, using as examples
those topics where you possess specialized knowledge.

8.5 Summary

In order to assist the many different reviewers and the decision mak-
ers in the NEPA process, this chapter has presented a discussion of
procedures for reviewing and evaluating EIS documents. These proce-
dures focus on three areas of concern:

1. Administrative review

2. General document review

3. Technical review

This chapter has described two types of approaches to developing a
systematic, structured review procedure. By using such procedures,
the reviewer can become familiar with the project very quickly and ask
substantive questions to determine whether any part of the EIS docu-
ment needs additional work or strengthening.

If review procedures are developed and are acknowledged during the
preparation process, EIS contents will not only contain the informa-
tion necessary to satisfy CEQ requirements but will also reflect the
evidence in the statement at hand. The statements should therefore
become more analytic rather than encyclopedic, in line with the CEQ
regulations.

8.6 Discussion and Study Questions

1 Obtain a draft EIS and a final EIS from any federal agency. Conduct an ad
hoc review of each document, and prepare a classification based on the EPA
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review criteria. Then, and not before, determine the actual evaluation
assigned to the document by the EPA through its own review. It will be given
in the Federal Register. Do you agree with the EPA’s classification? Discuss the
differences you find. Were you more severe than the EPA? Do you think some
problems were overlooked? Were you more lenient?

2 Review several final EISs which include the comments received. Examine
the agency comments (they are usually placed at the beginning of the com-
ment section). Do you feel that the content of the comments furthers the let-
ter and spirit of NEPA?

3 Examine again the same final EISs which you used for question 2, above.
Look for comments from the general public and environmental groups. Is there
evidence that the public was informed when the comments were made, or are
they simply expressions of opposition (or support)? How would you proceed to
increase constructive participation on the part of the unorganized public?

4 Obtain a draft and the following final EIS, for any project. Compare the
two. In what ways does the final differ from the draft? Are there any changes?
Examine the comments (included with the final) which were made on the
draft. Do any changes in the final appear to have resulted from these com-
ments? Was the EIS improved by these changes? Were new alternatives
added? Were any changes made in the proposed action, or were changes mere-
ly in the way the effects were described? Are these changes for the better, in
an environmental context?

8.7 Further Readings

In the considerations involved when reviewing an EIS there appears
to be no substitute for getting your own hands on actual examples of
an EA or EIS. Thus, we recommend no specific additional readings
beyond those involved in pursuing the Discussion and Study
Questions above. Review as many NEPA documents, long and short,
good and bad, as possible within the available time. It is only through
becoming familiar with actual examples of NEPA documentation that
your understanding is advanced. Many NEPA documents are now
available on the web.
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International
Perspectives on

Environmental Assessment

The international community is increasingly concerned about environ-
mental issues. This is reflected in the increase of international envi-
ronmental organizations, the investment nations are making to
protect the environment, and the fact that environmental issues are
taking center stage during meetings between world leaders.

There is a general consensus that national and international securi-
ty has an important environmental dimension. How nations use nat-
ural resources to foster economic development often determines what
kinds of societies are likely to emerge. When long-term viability of the
environment is ignored, economic development is not likely to be sus-
tained long; eastern Europe provides a vivid example. Such policies
also provide an indication of governmental attitudes toward other
social issues internally and toward international responsibilities. The
cost of cleanup of past environmental degradation can become a sig-
nificant proportion of a nation’s GNP, and thus exceed its ability to
undertake the cleanup effort, as is the case in eastern Europe at this
time. Regional environmental degradation could severely affect the
health of its population and its economic base to a point that national
and international security could be perceptibly affected for years to
come.

Would a process for environmental impact assessment (EIA) process
have helped to eliminate some of the environmental problems in east-
ern Europe? Should donor countries insist on a formal EIA process
before providing financial aid? Should other countries replicate the
formalized EIS process of the United States? These are all important
questions for the international community to address.

Chapter

9
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Whether all provisions of NEPA are applied to U.S. projects in oth-
er countries and whether other nations use the EIS process as in the
United States are not, in and of themselves, vital. The conduct of envi-
ronmental assessment of projects undertaken by the U.S. agencies in
other countries, cooperating with host nations in their environmental
assessment activities, and in all cases assessing the environmental
consequences on the global commons are prudent courses of action.

9.1 International Implications of NEPA

The overseas actions of many federal agencies, such as the Agency for
International Development (AID) and military bases operated by the
Department of Defense, have the potential to create major environ-
mental impacts in foreign countries. NEPA contains no unequivocal
language on the extent to which it was intended to apply to overseas
federal actions, and court cases have not provided a definitive answer
to this ambiguity. As a result, the extraterritorial application of NEPA
continues to be debated.

There is concern that applying the full procedural content of NEPA
to overseas actions could interfere with United States’ foreign policy
and national security objectives, that such activities may be viewed by
some nations as interference in their sovereign rights, that delays
from preparing EISs and possible litigation could hamper the United
States’ ability to compete internationally, and that on-site assessments
could, in many cases, be difficult to carry out.

Concerns about the authority of Congress to require the application
of NEPA overseas center around the issue of national sovereignty. The
United States, or any other nation, in traditional international law
does not have the right to extend its own laws extraterritorially except
under certain conditions in which the conduct of other nations affects
its well-being in a material way. The bases of extraterritorial jurisdic-
tion include such conduct as that which affects national security or a
nation’s citizenry (Goldfarb, 1991).

NEPA includes certain references which are clearly domestic in
scope, such as “the nation” and “Americans.” There are also references
to “man” and “his environment” without reference to specific locality.
These nondomestic references can support, although they do not clear-
ly specify, an extraterritorial interpretation. Section 102(2)(F) of NEPA
refers explicitly to international activities and directs federal agencies
to support any program which enhances international cooperation in
recognizing the global and long-term character of environmental prob-
lems. A direction to “support” programs which enhance global envi-
ronmental protection may indicate that NEPA was conceived as having
international scope, but it does not, by itself, constitute a clear require-
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ment for preparing rigorous environmental documentation, such as an
EIS, for overseas actions.

One consideration for the application of NEPA extraterritorially is
the reasonableness of the application. An extraterritorial application
of domestic law is reasonable if it respects the sovereignty of other
nations, does not generate conflict, and balances the interests of the
countries affected. The cases addressing this issue demonstrate that
the courts are inclined to exclude NEPA from situations in which the
statute may conflict with foreign policy objectives or infringe on the
sovereignty of other nations. The courts are also inclined to rule
against NEPA application when the interests of the United States are
minimal. Although several cases have addressed the issue of applica-
bility overseas, there has been no conclusive determination.

NEPA was ruled to apply in the following cases, due to the absence
of foreign policy conflict and/or the presence of strong United States
interest (Goldfarb, 1991):

Nuclear testing on a United States trust territory (Eneweitak v.
Laird)

The construction of a highway in Panama and Colombia which (it
was alleged) could provide a route to infect United States livestock
with disease (Sierra Club v. Adams)

A proposed program to spray pesticides in 20 developing countries
(Environmental Defense Fund v. USAID).

Due to limited United States interest and potential foreign policy
conflicts, the courts have ruled against the application of NEPA in
these cases:

The licensing of private corporations by the Nuclear Regulatory
Commission to sell nuclear reactor components to western Germany
(Babcock & Wilcox hearing) and to the Philippines (Natural
Resources Defense Council, Inc. v. Nuclear Regulatory Commission).

Movement of chemical munitions by the U.S. Army across West
Germany (Greenpeace USA v. Stone). The U.S. Army had prepared
necessary environmental documentation (EISs) for the construction
of a chemical incinerator at Johnston Island and for the operation
of the incinerator, and had prepared an EIA (under Executive Order
12114) for the transportation of the munitions from West Germany
across the global commons to Johnston Island. The movement of the
munitions within the territorial boundaries of West Germany, per-
formed by German authorities with U.S. oversight, was not covered
in the documentation. The court was not persuaded that transport-
ing munitions within West Germany pursuant to an agreement
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between heads of state warranted preparation of NEPA documen-
tation.

The draft regulations issued by the CEQ in 1978 included a state-
ment that for any action affecting the U.S. environment, the global
commons, or Antarctica, full environmental assessment would be
required, whereas actions affecting only another national environment
would require an assessment of reduced scope. However, this provision
was withdrawn in response to the protest of various agencies, particu-
larly the State Department, which maintained that foreign policy con-
siderations must have priority over environmental assessment
(Goldfarb, 1991).

President Carter’s Executive Order 12114 was intended to resolve
the stalemate. The order limited application of NEPA to those actions
which would

1. Affect a country not involved in the action

2. Affect the global commons

3. Expose a country to toxic or radioactive emissions

4. Affect resources of global concern

The executive order excludes activities of concern to the State
Department such as military and intelligence activities, arms trans-
fers, export licenses, votes in international organizations, and emer-
gency relief actions. EIS requirements may also be modified in
consideration of potential adverse impacts on foreign relations, other
nations’ sovereignty, diplomatic factors, international commercial com-
petition, national security, difficulty of obtaining information, and
inability of the agency to affect the decision. Critics of Executive Order
12114 maintain that it is not enforceable, and that the many listed
exemptions create loopholes for most actions.

9.2 Future NEPA Trends

In light of the limited scope of Executive Order 12114, several proposed
bills in 1989 to 1991 demonstrated congressional interest in affirming
the applicability of NEPA abroad. SB 1089 proposed to close the
exempted activities loophole of the executive order by limiting exempt-
ed activities to those which are necessary “to protect the national secu-
rity of the United States.” HR 1113 would have amended NEPA to
require agencies to “work vigorously to develop and implement policies,
plans and actions designed to support national and international
efforts to enhance the quality of the global environment” where the
existing language states that agencies must only “lend appropriate
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support to initiatives.” Both bills would have required EISs to include
assessment of the effect of federal actions on the global commons and
on extraterritorial actions. Neither bill was enacted into law.

Goldfarb (1991) argues that basing the main objection to applying
NEPA overseas on the question of sovereignty of other nations is
unjustified. International law has always maintained that sovereign-
ty is limited by the responsibility to avoid causing harm to other
nations, and that nations may voluntarily restrict their sovereignty by
entering into agreements or treaties. In recent years, increasing con-
cern about the global environment, and recognition that it is not pos-
sible to limit environmental impacts to specific geographical areas, has
led to international agreements which limit sovereignty. The existence
of these treaties, as well as the existence and activities of various
international organizations concerned with environmental issues,
demonstrates the recognition in the international community that vol-
untary limitations on sovereignty are important to protecting the glob-
al environment and a reasonable expectation for the concerns of our
age. The challenge is: Is it possible to find a middle ground that
responds to the many legitimate and real concerns on all sides of the
issue?

The 1992 Earth Summit that attracted over 100 heads of state to Rio
de Janeiro served to highlight renewed interest in assessing long-term
environmental consequences of human activities. In the United States
the NEPA reviews have provided a meaningful mechanism for incor-
porating environmental considerations in major governmental under-
takings. The Earth Summit deliberations, though not completely
embraced by environmentalists or the business community, generated
interest in adopting similar processes in other lands.

9.3 Environmental Impact Assessment in
Other Countries

The application of EIA in other countries has been inspired by the
example of NEPA in the United States and the 1972 Stockholm United
Nations Conference on the Human Environment, and in developing
countries by various multilateral and bilateral assistance organiza-
tions which promote EIA. Despite wide-ranging interest, the compre-
hensive application of EIA as it exists in the United States is not
widely duplicated in other countries. Rather, it is represented in a
variety of legislative, institutional, and procedural manifestations,
which reflect the variety of resources, institutions, and unique inter-
ests of the nations.

Industrialized nations have carried the implementation of EIA to the
greatest extent, and highly developed systems are found in Canada and
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the Netherlands. The developing countries of the Asian and Pacific
regions have achieved a partial implementation of EIA; many countries
have federal agencies responsible for the environment, national envi-
ronmental policies, and requirements at the legislative level. Latin
American countries have been able to accomplish somewhat less in EIA
development, and EIA in African countries is very limited. A study
undertaken by Sammy in 1982 indicates that the percentage of coun-
tries with legislation requiring EIA for some projects is 66 percent in the
southeast Asian and Pacific region, 57 percent in Latin America, and 41
percent for Africa and the Middle East (Kennedy, 1988). The World
Resources Institute (1998) has developed an extensive directory of
impact assessment guidelines from other countries.

9.4 EIA in Developing Countries

The EIA process now found in the Philippines, Korea, and Brazil exem-
plifies general trends in developing countries. Analysis of the EIA process
in these countries was conducted by Lim (1985) and is summarized here.

A presidential decree of 1977 established a national environmental
policy and a requirement for EIA in the Philippines. A previous decree
had established the environmental agency. Guidelines specify the proj-
ects to be included in environmentally critical areas. The environmen-
tal agency is made up of heads of various agencies, which undermines
its legal authority. Responsibilities are divided among six agencies,
and accountability by the participants is low. Public hearings are not
mandatory. Between 1978 and 1983, an average of only eight EISs
were filed each year, while several hundred new projects were regis-
tered. EIA is not welcomed by many participants. EIA in the
Philippines performs an agency adjustment function.

EIA in Korea was legislated by 1980 revisions to the Environmental
Conservation Law, which also created the Office of Environment under
the Ministry of Health and Social Welfare. The 5-year plan for
1982–1987 was the first to state environmental conservation as an
official national goal and EIA as a tool to achieve it. The EIA system is
centralized. The legal authority of the Office of Environment is limited
by its status as a subministry. Public participation is lacking, and pro-
cedural rules are not clearly defined. EIA is required only for large 
projects; on average only seven have been prepared annually, and they
have resulted in minimal modification of plans. In Korea EIA provides
an environmental remediation function.

Brazil’s Special Environmental Agency was established in 1974.
The National Environmental Policy Law requiring EIA and estab-
lishing the National Environmental Council was passed in 1981.
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Those projects requiring EIA are not delineated, and the roles of var-
ious agencies are unclear. The rule-making body has limited legal
authority. Only a small number of projects have been evaluated
(averaging 11 yearly), but several have been modified as a result of
the assessments. The role of Brazil’s EIA process would be perfunc-
tory except for this last fact.

9.5 Limitations to EIA Effectiveness
in Developing Countries

Limited technical abilities, such as lack of data-gathering capability,
lack of scientific understanding, and lack of expert staff hamper EIA
in developing countries. But perhaps more importantly, an institu-
tional and legislative framework which can promote assessment and
make use of the results is lacking. The establishment of government
offices that are responsible for environmental concerns, as well as
offices that are responsible for EIA, are recent accomplishments even
for industrialized countries. A legal framework to ensure cooperation
between agencies is also necessary. Effective EIA requires a political
context which recognizes value in environmental protection and can
allow public review of governmental activities. In addition, economic
resources to commit to the EIA process are not always available in
developing counties.

Observers find several general tendencies in the application of EIA
in developing countries which limit its effectiveness. Assessments are
undertaken too late in the planning to contribute to decision making
and are used instead to confirm that the environmental consequences
of the project are acceptable. The environmental management plans
discussed in the EIS documents are often not carried out, and there is
no mechanism for monitoring compliance. The studies which have
been completed are relative only to projects, as opposed to policies or
programs. Few studies have evaluated projects for social or economic
consequences. Many countries limit projects that are subject to EIA
such that projects which may have significant environmental impact
are excluded from the EIA requirement. A final observation is that
external review of the process, essential to limiting abuse and mis-
management, is often lacking.

Horberry suggests that EIA often functions as a “device for promot-
ing a realignment of relationships among domestic institutions”
(Horberry, 1985, p. 205), as a way to enhance the power of the envi-
ronmental agency, or to change the operating routine of other agencies,
rather than as a tool to consider environmental issues early in the
planning and decision-making process.
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9.6 EIA in Asia and the Pacific

Lohani (1986) classifies the situation of EIA within various Asian and
Pacific countries in four categories:

1. Countries with specific legislation for EIA include Australia, Japan,
and the Philippines.

2. Countries with general legislation on environmental protection that
empowers a government agency to require EIA for particular pro-
jects, but no specific EIA legislation, include Iran, Malaysia, Hong
Kong, New Zealand, Republic of Korea, Thailand, Trust Territory of
the Pacific Islands.

3. Countries with no formal requirements for EIA but with informal
procedures to incorporate environmental consideration into the
planning of specific projects include Bangladesh, Indonesia, India,
Pakistan, Sri Lanka, Papua New Guinea.

4. Countries lacking any formal requirements for EIA include
Afghanistan, Cook Island, Nepal, Fiji, Tuvalu.

Various regional groups have been formed to facilitate the sharing of
information about environmental protection between neighboring
countries. These include the Association of Southeast Asian Nations
Environment Program; the South Asian Cooperative Environment
Program; the Mekong Committee of ESCAP; and the South Pacific
Regional Environment Program.

9.7 EIA in Latin America

The impetus for the development of legislation, scientific resources,
and community interest in EIA in Latin America has come from exter-
nal aid organizations, including the United Nations Environment
Programme and the Pan-American Health Organization, which have
sponsored development projects. Although this influence has been
extensive, more comprehensive EIA development is limited by the
nature of the region’s governments.

Uruguay and Peru have no legal requirements for EIA. Argentina
does not require EIA, although voluntary EIA studies are promoted.
Colombia, Venezuela, Mexico, and Brazil have environmental policy
laws which include some provisions for EIA studies. In Brazil, EIA is
required for potentially polluting industrial plants within the Rio de
Janeiro and São Paulo regions.

9.8 EIA in Canada

Canadian requirements for EIA were established in 1973 at the cabi-
net level as the Environmental Assessment and Review Process. The Fed-
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eral Environmental Assessment Review Office oversees the EIA sys-
tem. Consultation by the public is extensive, being called for at vari-
ous stages of the assessment, and ending in a series of public
meetings. The review is conducted by an independent panel appointed
by the Minister of the Environment, and the public has access to all
panel information. In addition to the federal EIA process, each
province has its own program, usually mandated with legislation.

9.9 EIA in Europe

The Commission of the European Communities (CEC) Directive on
environmental impact assessment, 85/337/EEC, came into force in
1988. It took 20 drafts and more than 15 years to finalize (Wood, 1988).
As with the framers of NEPA in the United States, the CEC felt that
“. . . effects on the environment should be taken into account at the
earliest possible stage in all the technical planning and decision mak-
ing processes” (Wood, 1988). It was updated and amended in 1997.

The commission decided that the EIA system should promote,
among other things, two sets of objectives (Wood, 1988):

■ To avoid distortion of competition and misallocation of resources by
harmonizing environmental controls

■ To ensure that a common environmental policy is applied through-
out the EEC

The directive contains 14 articles and four annexes. Listed in Annex
I are the types of projects for which EISs should normally be prepared.
These include: large oil refineries and storage facilities, large power
stations and major electric transmission lines, toxic or radioactive
waste disposal sites, integrated steelworks, large-diameter pipelines,
integrated chemical plants, and major airports, ports and canals
(CEC, 1985). Annex II contains a much longer list of types of projects
than does Annex I. This list includes projects which “…shall be made
subject to an assessment where member states consider that their
characteristics so require” (CEC, 1985). For the purpose of preparing
an EIA, projects listed under Annex I are considered mandatory while
projects listed under Annex II are discretionary. Annex III contains
selection criteria to help determine if Annex II projects must be
assessed. The type of information to be included in an EIA is outlined
in Annex IV, as shown in Table 9.1.

To focus on some of these crucial environmental issues, in 1990 the
European community created a European Environmental Agency
(EEA) to develop common environmental policies for the region. The
EEA is headquartered in Copenhagen, Denmark, and provides a wide
variety of information and services throughout the EEU. In the words
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of the executive director of the EEA, “ The European Environment
Agency (EEA) is a European Community institution with the aim of
serving the Community and the Member States with information to
support policy making for environmental protection put in the perspec-
tive of sustainable development” (Jimenez-Beltran, 2001). The EEA
has thus become a facilitator rather than a regulator, with this stated
goal: “The EEA aims to support sustainable development and to help
achieve significant and measurable improvement in Europe’s environ-
ment through the provision of timely, targeted, relevant and reliable
information to policy making agents and the public” (EEA, 2001).

Wathern (1988) points out that the directive, despite over 10 years
of debate and deliberation, is limited and simply formalizes some of
the provisions already in place in member states. The various member
states find ways to comply with the directive’s formal requirements
while ensuring that the substance of the directive does not conflict
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TABLE 9.1 Annex IV of 1985 CEC Environmental Directive (as amended in 1997)

Information Referred to in Article 5(1)

1. Description of the project*, including in particular
■ A description of the physical characteristics of the whole project and the land-use

requirements during the construction and operational phases.
■ A description of the main characteristics of the production processes, for instance,

nature and quantity of the materials used.
■ An estimate, by type and quantity, of expected residues and emissions (water, air

and soil pollution, noise, vibration, light, heat, radiation, etc.) resulting from the
operation of the proposed project.

2. An outline of the main alternatives studied by the developer and an indication of the
main reasons for his or her choice, taking into account the environmental effects.

3. A description of the aspects of the environment likely to be significantly affected by
the proposed project, including, in particular, population, fauna, flora, soil, water,
air, climatic factors, material assets, including the architectural and archaeological
heritage, landscape, and the interrelationship among the above factors.

4. A description of the likely significant effects of the proposed project on the
environment resulting from
■ The existence of the project
■ The use of natural resources
■ The emission of pollutants, the creation of nuisances and the elimination of waste,

and the description by the developer of the forecasting methods used to assess the
effects on the environment

5. A description of the measures envisaged to prevent, reduce, and, where possible,
offset any significant adverse effects on the environment.

6. A non-technical summary of the information provided under the above headings. 
7. An indication of any difficulties (technical deficiencies or lack of know-how)

encountered by the developer in compiling the required information.

*This description should cover the direct effects and any indirect, secondary, cumulative,
short-, medium-, and long-term permanent and temporary, positive and negative effects of the
project.
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with their domestic policies. Some European countries have been
requiring EA for major projects long before the CEC directive was
finalized. Two prominent examples are France and the Netherlands. 

France passed a Nature Protection Act in 1976 which requires EIA
for all major public and private projects. However, Monbailliu (1984)
asserts that the effectiveness of EIA in France is hampered by several
limitations in the process. Social and economic impacts are excluded,
as well as all developments costing under 60 million francs. Public par-
ticipation is very limited, and only published EISs may be discussed.
In 1990, the Agency for the Environment and Energy Management
was formed, and administers a national budget for environmental pro-
jects of about $600 million per year.

Starting in the mid-1970s, the Netherlands has been working to
develop comprehensive environmental program, which culminated in
1989 with the passage of the National Environmental Policy Plan.
This system represents the state-of-the-art in EIA procedures in
Europe. It is implemented by a single, integrated law that applies to
legislation, plans, and projects at the national, provincial, and munic-
ipal levels. A positive list is used that specifies the type of projects to
be assessed. Public involvement and independent review are provided
for. A biennial “report card” is prepared, showing accomplishments
and shortfalls.

9.10 International Aid Organizations

Various international organizations promote EIA in developing coun-
tries by making it part of the funding process and by recommending its
adoption by recipient countries.

The World Health Organization (WHO) actively promotes the devel-
opment of EIA procedures in its member states, with special emphasis
on health and safety impacts. It presents courses and seminars,
assists member states directly in establishing and improving their
EIA procedures, and commissions research. WHO is particularly inter-
ested in improving the state of knowledge about health impacts and
developing methodologies to enhance health impact assessment.

EIA assistance programs are maintained by various agencies of the
United Nations, including UNESCO, FAO, ESCAP, the Development
Programme, and the Environment Programme. The regular programs
provide policy review, technical advice, and information management
to their members. Field programs provide direct technical assistance
and project funding.

The World Bank and the Asian Development Bank both attempt com-
prehensive environmental evaluation of projects. Others which attempt
less extensive evaluation include the Inter-American Development
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Bank, the Organization of American States, the United Nations Devel-
opment Programme, the European Commission, and the European
Investment Bank.

Bilateral aid agencies may require EIA in the recipient country as a
prerequisite to receiving funds, although the donor may provide financial
and technical assistance to the recipient in meeting this requirement.
USAID is unique in that it must fully comply with NEPA. Other coun-
tries which incorporate some EIA into aid programs include Canada,
Germany, the Netherlands, Sweden, and Norway.

Horberry (1985) points out that the political needs of an aid organi-
zation are reflected in its handling of and commitment to EIA.
Multilateral banks are primarily concerned about maintaining a rep-
utation for creditworthiness and secondarily with increasing disburse-
ment of funds; EIA requirements which increase project costs and
difficulty are not welcomed by the project staff and are at odds with
their main objective. Bilateral agencies are primarily concerned with
foreign policy objectives and secondarily with fund disbursement; their
environmental commitment is an extension of the domestic pressure
toward environmental responsibility. Recipient countries are interest-
ed in maximizing their funding and minimizing the restrictions placed
on the funds, and tend to resist EIA requirements because many devel-
oping countries have not yet completely realized the long-term eco-
nomic costs of environmental neglect and the importance of
sustainable economic development.

The attention given to EIA by these agencies may increase the atten-
tion given to environmental policy in the recipient countries, and help
legitimatize it and attract political support. Horberry (1985) feels that
it is unclear if aid can actually improve the ability of government
agencies to carry out EIA. Aid program EIA assistance needs to be
appropriate for the recipient country, and it should be designed to help
develop host nation capabilities to undertake analyses internally with
minimal outside assistance.

9.11 Discussion and Study Questions

1 Do you think the existence of an EIA process would have minimized the
severe environmental problems now facing eastern Europe? If so, what are the
impediments in implementing such a process?

2 How should the various interests, such as foreign policy objectives, sover-
eignty, resource requirements, and fiscal viability, be balanced in developing
an EIA process applicable to extraterritorial projects?

3 Should the formalized EIS process be replicated in other industrialized
countries? Prepare a discussion paper for your response.
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Economic and
Social Impact
Assessment

The consideration of the consequences of proposed actions on the social
and economic aspects of human life is, at one and the same time, very
easy and extremely difficult. One of the easier aspects is that of iden-
tifying the concerns of the public. If the public—any public—express-
es a concern—any concern—then it may be established that a valid
concern exists. The twist on this is that it need not be further “proven.”
At least with respect to the existence of a social concern, the expres-
sion of a problem may be equated with its presence. The converse need
not be true, however. Valid problems may exist which are not neces-
sarily perceived by the public or voiced by any group. The problem
here, in the context of the National Environmental Policy Act (NEPA),
is that of determining which concerns, and to what degree, might be
valid foci for inclusion within an environmental assessment or impact
statement.

Since a very large percentage of government proposals have the
stated purpose of deliberately altering some aspect of human life, very
many of these proposals contain elements of social and/or economic
change. Is each of them to be examined under NEPA? How do we
determine which aspects of which actions must be so assessed? The
application of NEPA to concerns about social and economic conse-
quences of government actions was originally unclear, was developed
in almost an accidental manner, and remains equivocal. Interestingly,
many observers of the development of the field of social impact assess-
ment (SIA) trace the beginnings of the preparation of formal SIAs to
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NEPA and the implementing CEQ guidelines and regulations
(Friesema and Culhane, 1985; Rickson et al., 1990; Burdge et al., 1990).

A formal or informal SIA may, of course, be prepared without there
existing any NEPA requirement whatsoever. In Australia, the require-
ments for the regional economic impact assessment, very similar in
intent to NEPA, incorporate the concept of SIA in many cases
(McDonald, 1990), although other roots are placed in the 1950s (Craig,
1990). Thus, in the United States, the SIA may exist either outside or
within the NEPA context. It may take very different forms in different
settings. The discussions later in this chapter will emphasize the
inclusion of social considerations within the NEPA-driven environ-
mental assessment process.

Similarly, economic analyses are extremely old. Since economic con-
sequences are normally measured in terms of the local currency, it
seems reasonable that quantification is desirable. Econometric models
date back to at least the nineteenth century. Totally outside the NEPA
context, estimates of the economic benefits associated with a particu-
lar proposed action have been used as a selling point in the legislative
arena for more than a century. This is particularly true for “public
works” projects, those massive development efforts which were con-
ceived and promoted specifically for the purpose of bringing economic
benefits to a locale or region. These projects proliferated during and
after the great depression, up through the 1970s. For a variety of rea-
sons, such proposals have become rare in the 1980s and 1990s. It may
even be proposed that the elaborate propositions made for economic
benefits in these project plans actually laid the basis for the inclusion
of economic impact analyses within the NEPA context. The many
international development projects, focused on economic development
within underdeveloped countries, are based on the premise that they
will derive economic benefits to the population of that country. In prac-
tice, these benefits may come at great social cost, an interesting point
of tension between the social and economic spheres.

10.1 Socioeconomic Assessment
within NEPA

Just what is the place of examination of social and economic consider-
ations within NEPA? First, it is clear that when NEPA was originally
debated, the focus of Congress itself was directed toward the require-
ment to prepare environmental assessments and impact statements.
The often-quoted words of Sec. 102(2)(C), which begin “Include in
every recommendation or report on proposals for legislation and other
major Federal actions significantly affecting the quality of the human
environment, a detailed statement…,” were not originally interpreted
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to include aspects of the social, cultural, and economic environment.
Examination of Sec. 101 of the act, however, finds one clear reference
to considerations which do not relate to the physical or biological envi-
ronment. The wording of Sec. 101(b)(2), “[to] assure for all Americans
safe, healthful, productive and esthetically and culturally pleasing
surroundings,” could certainly be interpreted to incorporate many
aspects of the social and economic environment. From the beginning,
some federal government agencies, notably the Department of the
Army, prepared guidelines—which had no regulatory status, even
within the Army—that did include aspects of the social and economic
environment. Even where it was allowed, there was no guarantee that
employees or contractors would incorporate these factors. Other agen-
cies attempted, up through the 1980s, to dismiss or minimize social
and economic consequences when preparing environmental assess-
ments and statements.

The general consensus, if there may be said to be one in this turbu-
lent arena, is that the examination of economic and social considera-
tions is generally undertaken, under NEPA, only within rather specific
limits. What are these limits? First, it is acknowledged that NEPA is
primarily an act for purposes of examining consequences of govern-
ment actions on the biophysical environment. If there are no poten-
tially significant consequences to the biological or physical
environment, the requirement to prepare an EIS is not triggered.
Thus, in the absence of potentially significant (usually interpreted to
mean adverse) effects to the biophysical environment, socioeconomic
consequences alone, even if potentially significant, will not serve to
trigger the requirement to prepare an EIS. If, however, there are suf-
ficient potential effects on the biological and physical environment to
require that an EIS be prepared, a full examination of social and eco-
nomic effects is required. Congress has frequently, however, directed
the preparation of an EIS through riders on appropriations legislation,
even when—or especially when—socioeconomic issues are highly
debated.

Thus, the guidelines of some agencies specifically omit examination
of socioeconomic factors in the environmental assessment phase of the
EIS process. This is the stage at which an agency examines an action
to determine if the potential consequences are severe enough to
require preparation of an EIS (see Chapter 4). This omission is osten-
sibly designed to avoid prejudicing the decision about requiring an
EIS. It may, however, place the agency at a disadvantage in under-
standing the relative overall importance of the issues involved if it
delays this examination. Other agencies require or suggest full devel-
opment of socioeconomic issues from the beginning of the process. The
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authors generally concur with this approach, since an understanding
of these concerns will often assist in the scoping of the project.

10.2 Economic Impact Analysis

Economic impact analysis is a component of environmental impact
analysis that is frequently misunderstood. The relevance of economics
as an element of the environment is difficult to rationalize, particular-
ly when economics has been set forth as an equal and opposite factor
to be traded off against the environment. However, just as the ambi-
ent environmental setting within which a project is to take place deter-
mines the effect that project will have on the environment, so the
economic setting within which a project is to take place will affect the
environment. This is based on the fact that the environment, in its
broadest sense, covers all of the factors that affect the quality of a per-
son’s life. This quality is determined by all the factors contributing to
health and welfare, for both the short term and the long term. A gen-
eral list of factors that describe the environment in this context
includes both ambient biophysical conditions such as air, ecology,
water, land, and noise and the existing social, political, and economic
structure of a community. The economic conditions per se might be
affected just as is air or water.

Certainly, today lesser-developed countries and regions often state
themselves to be willing to trade environmental (ecological) quality for
a beneficial change in their economic condition. Likewise, the fairness
of displaced environmental degradation, such as the intercontinental
shipment of hazardous waste or the international effect of acid rain, is
being considered widely in national and international environmental
debates. Knowledge and understanding of the economic consequences
of an action (positive and negative) can no longer be separated from
the environmental impact analysis.

Economic impact analysis would normally consider effects on both
economic structure (e.g., the mix of economic activities such as forestry,
agriculture, industry, commerce) and economic conditions (e.g.,
income, employment levels, inflation rate). Measurement of effects on
both the economic structure and conditions is appropriate. As a result,
consequences of projects such as changes in employment, income, and
wealth for a community are used to describe the economic aspects of
environmental impact. These factors, however, should be weighed with
environmental (i.e., biophysical) gains and losses. In this analysis, it is
useful to divide economic factors into two categories, the first relating
to a description of the economic structure, and the second to a descrip-
tion of economic conditions.
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Structure:

mix of: employment by industry

public versus private sector income

mix of: economic activity by industry and commercial sector

income distribution

wealth distribution

Conditions:

income per capita

employment level

changes in wealth

levels of production by sector

The relationship of economic impact to environmental impact has its
basis in the fact that changes in economic conditions lead to direct or
indirect effects on the environment. Increases (or decreases) in income,
production, or output lead to changes in effluents from production and
consumption of goods and services. Changes in the quantity and
nature of these effluents affect the environment. International devel-
opment projects provide a model here.

Direct observation of economic structure and conditions is difficult,
although generally easier than many other environmental attributes.
Economic effects have been modeled formally for many years. Because
of this, a model of the economic system is usually used to estimate and
project resulting effects. Models are constructed so that changes
resulting from project activity can be traced through to the effect on
the economic variables of structure and conditions. Further, currency
is naturally quantified, and many data on such factors as income, tax
collections, public expenditures, and investment are already collected
by various state and federal agencies for other purposes.

Project activity is the force (exogenous) that drives the economic
model, as shown in Fig. 10.1. The model estimates impacts on eco-
nomic conditions and/or structure. The changes in economic conditions
are translated, usually through another model, into impacts on other
environmental attributes.

10.3 Economic Models

In the schema in Fig. 10.1, the economic model plays an important role
in estimating and projecting the effects of a project. There are several
types of models that might be employed in this framework to help in
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estimating the effects of project activities on the environment. Two of
these models, the input-output model and the economic base model,
are the most commonly employed, and are discussed below. The even
more common cost-benefit (or benefit-cost) analysis is normally used
primarily for project justification and support. It has occasionally been
used in the environmental impact assessment context (Hundloe et al.,
1990), where problems arise which are similar to those of the applica-
tion of the other models.

Input-output model

The study of economics and its relationship to environmental quality
has most frequently been approached by analyzing environmental con-
siderations separately from economic considerations. Individual envi-
ronmental factors such as air, water, and solid waste have also been
treated separately from one another. As Ayres and Kneese (1970) not-
ed, “the partial equilibrium approach is both theoretically and empir-
ically convenient, but ignores the possibility of important tradeoffs
between the various forms in which materials may be discharged back
to the environment.” Recent attempts at model development have rec-
ognized the limited value of this partial perspective. Isard analyzes
the economic and ecologic linkages based on a linear flow model. The
Isard model requires a detailed matrix of ecologic resource flows to
describe all of the interrelated processes that take place within the
ecosystem (Isard, 1972). Cumberland (1971) developed a model that
adds rows and columns to the traditional input-output table to identi-
fy environmental benefits and costs associated with economic activity
and to distribute these costs by sectors. Leontief ’s general equilibrium
model is an extension of his fundamental economic input-output for-
mulation, in which the model assumes one additional sector in the
basic input-output table (Leontief, 1970). Pollution generated by the
economy is consumed, at a cost, by an antipollution industry, repre-
sented by this additional sector.
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Project Activity Economic Model Estimate of Impacts on
Economic Conditions

Estimates of Impact on
Environmental Attributes

Estimate of Impacts on
Economic Structure

Figure 10.1 The relationship between project activity and impacts.
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An important modification of Leontief ’s approach was developed by
Laurent and Hite (1971). This model is composed of an interindustry
matrix, a local use matrix, an export matrix, and an ecological matrix.
For each economic sector, it shows the physical environmental change
in terms of natural resources consumed and pollutant emission rates
per dollar of output. These effects are computed by deriving the
Leontief inverse of the interindustry matrix and multiplying the envi-
ronmental matrices by that inverse. This section discusses an exten-
sion of this approach to environmental impact analysis.

A regional analysis model based on a standard input-output table
may be expanded to incorporate industrial land use and natural
resource requirements as well as pollutant waste characteristics of
industry into the table (Davis et al., 1974). The regional model may be
viewed as a standard interindustry input-output matrix that has been
supplemented with land use, natural resource, and emission sectors.
It is expressed as follows:

A � RP (I � A)�1

where R � resource matrix specifying land and other resource
requirements of each sector.

P � pollution matrix specifying the nonmarketed by-products
of each sector.

A � input-output table including resource and pollution
sectors.

In applying this model, the Leontief inverse (I � A)�1 is calculated
and the land-use, natural resource, and pollutant matrix is multiplied
by the inverse. This calculation provides an estimate of the impact of
a proposed project on the land-use changes, natural resources, and
waste-generation characteristics of the region.

The data on comparative land-use and natural resource inputs and
waste emission characteristics may be organized in matrix form as
shown in Table 10.1, where land-use and natural resource require-
ments are estimated for each Standard Industrial Classification (SIC)
characterizing economic activity. Specific information must be collect-
ed to derive environmental coefficients for water and land input
requirements and air, water, and other pollutant output emissions.
This type of analysis is particularly applicable when the subject of the
agency decision making relates to competing development proposals.

Applying the model to analyze the impact of specific project activity
(adding new employees within differing economic sectors) can produce
output illustrated by the example in Table 10.2. In this table, the effect
of adding activities equivalent to 600 employees in two different eco-
nomic sectors is compared. The major advantage of this model is that
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it produces the detailed information necessary to analyze the effect of
project activity on the environment, both in terms of the structure of
the economy and in terms of the secondary effects of changed econom-
ic activity on the environment. The main disadvantage is that it is rel-
atively expensive to operate because, for reliability, some primary data
collection is frequently necessary. This is because new activities may
not correspond exactly to existing already-characterized activities in
their need for space and type and amount of pollutants generated.

Economic base models

Another approach to modeling the economic elements of environmen-
tal impact analysis is represented by the army’s Economic Impact
Forecast System, developed for use in assessing the effects of military
projects (Robinson et al., 1984). This model is based on the principle
that the total effect of an injection of new money into an economy can
be estimated by determining how much of the money remains in the
economy and is respent, and how much is removed from circulation.

The model’s principal objective is to answer the question, “What
would happen to the local economy if certain activities affecting the
economy were to take place?” To answer this question, the nature of
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TABLE 10.1 Land Use, Natural Resource Inputs, and Pollution Emissions by Sector

SIC1…compared to…SIC2

Natural resource inputs
Total land area, ft2/employee
Floor space, ft2/employee
Parking area, ft2/employee
Building site area, ft2/employee
Domestic water, gal/$ output
Cooling water, gal/$ output
Process water, gal/$ output
Total water, gal/$ output
.
.
.
n

Pollutant emissions
Particulates, lb/$ output
Sulfur dioxide, lb/$ output
Water discharge, gal/$ output
5-day BOD, lb/$ output
Solid waste, yd3/$ output
.
.
.
m
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the local economy must be characterized and the type and magnitude
of the reactions presented.

The three basic participants in the local economy are local govern-
ment, households, and business. Local households purchase some
goods and services from local business, receive wages and profits from
the sale of their productive services, and pay taxes and consume ser-
vices provided by local government. Local businesses sell goods and
services, purchase inputs, pay taxes, and also receive services from
local government. Local government purchases goods and services
from business; purchases inputs such as labor from households; col-
lects taxes; and provides public goods and services such as police pro-
tection, fire protection, and libraries. Thus, it can be seen that there is
significant interrelationship among all the various elements of the
economy. So far, the concepts involved do not differ from those of input-
output analysis.

The effect of even one household in the economy obtaining addition-
al money can be traced using this type of model. In the army model,
the flow of this money, as it works its way through the various sectors,
is traced. Part of the money received would be put into the household’s
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TABLE 10.2 Total Economic and Environmental Impacts Generated by Adding
600 New Employees—An Example

Cotton finishing Fabricated structural
plant (Sector 2261) steel plant (Sector 3441)

Economic factors
Value added by industry ($) 7,982,000 8,761,000
Employment opportunity (pn) 2,046 2,118

Land use and natural resources
Domestic water, gal 291 317
Cooling water, gal 4,771 8,235
Process water, gal 15,023 11,979
Total water intake, gal 16,938 17,665
Land area, ft2 14,300,350 14,728,435
Floor space, ft2 1,073,721 1,173,006
Parking area, ft2 1,291,594 1,622,903
Building site, ft2 754,078 879,064

Waste emissions
Particulates, lb 2,710,845 4,166,001
Hydrocarbons, lb 1,205,817 1,328,205
Sulfur dioxide, lb 147,225 164,735
Gaseous fluoride, lb 0 0
Hydrogen sulfide, lb 15,997 16,976
CO2, lb 87,382 104,641
Aldehydes, lb 3,481 3,861
NO2, lb 54,887 61,561
Discharge, gal 12,031 9,453
5-day BOD, lb 1,395,944 1,023,066
Suspended solids, lb 930,809 592,683
Solid waste, yd3 53,231 56,835
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savings, and the rest would be used to finance purchases. Some of the
products that are purchased would be purchased locally; others would
be purchased from other regions. Purchases that are made from other
regions require dollars to flow out of the local economy, while money
received by local business would be used locally to hire labor, purchase
products, pay taxes, and become profits. The wages received by local
labor would, in turn, be partly saved and partly spent. Some of the
products purchased from labor income would have been produced in
the subject region; others would have been produced elsewhere. Thus,
the cycle repeats until the original injection is completely dissipated.
The calculations are, however, expressed in annualized terms (i.e.,
what happens in the first year only). We note that many locally devel-
oped models extend the cycle for 5 or even 10 years, yielding a much
larger multiplier.

The general idea is that money injected into a local economy would
be partly retained (and respent within the area) and partly “dissipat-
ed,” or spent for goods and services available only from other regions.
The total effect of the initial injection depends upon many factors, but
the sum total will normally be greater than the initial injection; that
is, the initial injection will have a multiple effect upon the local econ-
omy. This concept is called the multiplier effect and is extremely impor-
tant to the assessment of impacts.

Any change in injections into the economy will consequently lead to a
multiple change in income. The model described above system assumes
that, in the short run, the variable most likely to change is exports. As
a result, exports are considered basic to economic growth. Other activi-
ties in a region are nonbasic in the sense that they do not result in any
money inflows, at least not under the assumptions made about the
short-run model.

If the relationships postulated in the multiplier analysis are con-
stant, the multiplier can be written as:

�

� �

where S � the proportion of total income attributable to nonbasic
economic activity

An estimate of the proportion of total income of the region, based
upon export sales or basic industry sales, is necessary to use this mul-
tiplier. Fortunately, there are many techniques that can be used for an

total income
��
basic income

1
����
basic income/total income

1
����
1 � nonbasic income/total income

1
�
1 � S
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indirect estimation at low cost. The central assumption of indirect
techniques is that there is a fixed relationship between the export
industries in a region and the other local businesses. Perhaps the most
widely used method to isolate export industries is the location quotient
technique (Miernyk, 1968). 

Location quotients are based upon a comparison of regional employ-
ment with national employment. Because the United States is basical-
ly self-sufficient, if a region has a greater percentage of its employment
in a particular industry than does the nation, it is assumed to be spe-
cialized in the production of that commodity. Producing in excess of its
own requirements, such a region must export that commodity to other
regions. A hypothetical example of the calculation of location quotients
is given in Table 10.3.

Next to each industry grouping is the percentage of the total nation-
al employment that an industry contains. In the next column is given
the total employment in the region for each industry, and the percent-
age of total regional employment that industry contains is calculated
in column 3. The location quotient is derived by dividing column 3 by
column 1. A location quotient greater than 1 indicates that the subject
region exports that commodity to other regions. Location quotients
less than 1 imply that the good is not produced locally in sufficient
quantities to satisfy local needs and hence must be imported.

Given that basic industries have been identified, how is employment in
that industry allocated to exports? In column 5, the location quotient
minus 1 is divided by the original location quotient. This provides an esti-
mate of the percentage of employment in the industry that is involved in
export activity. Multiplying column 5 by column 2 provides the estimate
of the number of export employees for each industry. The multiplier is
simply the ratio of export employment to total regional employment. In
this example, the multiplier would be 5, indicating that a $1 increase in
export demand would cause regional income to change by $5.

The multiplier concept is the basis for the development of this mod-
el. The details of the model take this general concept and use it to con-
vert project activity (usually in dollars) into changes in business and
economic activity. The strength of this approach is that results can be
obtained relatively quickly and inexpensively. The major weakness is
that the results are presented primarily in terms of changes in eco-
nomic conditions, and changes in terms of structure or secondary
effects on the environment from the changed economic activity are not
dealt with in this approach. This means it is difficult to convert the
estimates directly into such environmental impacts as pollution.

The concept of multipliers is subject to considerable variation in actu-
al practice. Within the army model, for example, actual multipliers cal-
culated vary from about 2 to about 4. This is in the range of economic
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base model multipliers, when considered on the basis of annual effects.
The emphasis is important. Some input-output models have a much
longer time frame of operation, counting circulation of money input
until all effects leave the region, possibly 3 or 4 years or more. The
multipliers used in this case may be 8 to 10 or greater. Neither
approach is right or wrong, but the differences must be realized when
comparisons are made among different estimates.

10.4 Future Direction
for Economic Impact Analysis

Both of the models discussed in this section were operational and have
been applied hundreds of times in specific impact analyses. Thus, they
represent applied approaches to dealing with the economic aspects of
environmental impact analysis. The first approach can be used to
develop detailed estimates of changes in structure and the secondary
impacts in the local economy, while the second approach provides a
broad estimate of the effect on economic conditions in a community
where changes have been introduced by project activity. For the larg-
er purpose for which it was originally developed the army model had
a, larger benefit. Since the data are derived from surveys prepared by
the Department of Commerce, any counties (or equivalent) in the
United States can be assembled into an economic region appropriate
to an action within a few minutes. Thus many alternatives can be
examined rapidly, and at almost insignificant additional cost. The time
and cost of developing the data required to prepare fully adequate
inputs for input-output models often militates against full study of
other than the preferred alternative. While the economic base model
has drawbacks, its ease of use and uniformity of data mean that it is
more widely applied than any other in actual practice. Data from 1991
suggest that it may have been applied more than 1000 times by agen-
cies within the Department of Defense within 1 year. This may indi-
cate that early application at planning stages of the project is being
routinely performed with the model.

10.5 Social Impact Assessment

Of particular importance is the consideration of qualitative effects,
which are not easily captured by conventional methods. It is in this
area, an area called social impact assessment, that specific considera-
tions of the effects on people and their relationships is considered. The
origins of social impact assessment are difficult to define because
almost all historical literature and scientific inquiry has at its base an
inquiry into the conditions of humans. Finsterbusch and Prendergast
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(1989) explained the social impact assessment aspects of the work of
Condorcet on the development of canal systems in France in
1775–1776. Birth and death records were collected and potential
changes estimated from the proposed project.

Work on social impact assessment, identifying issues, and making
recommendations for mitigation and compensation, has a fairly long
history in the United States. Some notable early concerns were for the
massive government projects at Los Alamos and Oak Ridge National
Laboratories during World War II. In the quasi-governmental and non-
governmental area, the work on boom towns associated with energy
developments in the western United States is an example of early
social impact assessment (Gilmore and Duff, 1975). These projects
shared a common factor in that it was well realized that massive
changes were to be caused by government action, and it was acknowl-
edged that this growth should be planned and coordinated to the
extent reasonable.

Today, social impact assessment is recognized as important
because it represents a method to capture the effects of programs and
projects on the quality of life. The parameters range from health and
education to recreation and community cohesion. It has also been
viewed, and correctly so, as very difficult to conduct because the mea-
surement of social impacts, which are of necessity qualitative, is not
easy. Once they have been measured, there are no solid objective
standards against which the changes can be compared to say if they
are “good” or “bad.” Of course, some can obviously be evaluated—live
births per capita should probably be higher rather than lower. But,
are bowling alleys per capita an indicator of recreational quality?
The more the better?

In this context, checklists have been developed to document social
impact parameters, and it is frequently left to the reader to decide if
the impact or the sum of the impacts is good or bad. Further compli-
cating the situation is the fact that different checklists are used from
one study to another because issues of social importance vary signifi-
cantly from one project that is analyzed to another. An example of a
social impact analysis list is shown in Table 10.4. This list was origi-
nally prepared in 1984 for the Office of Nuclear Waste Isolation
(ONWI-505) (Stacey, 1985).

Historically, the most widely used method for social impact assess-
ment was the case study. This approach relies extensively on the cre-
ativity of the person conducting the study to find the critical factors to
be analyzed. In addition, the data collected, which provide the histori-
cal, current, and projected future, tend to be qualitative and anecdo-
tal. Involvement of people in the community is practiced in case
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TABLE 10.4 A Social Effects Checklist Tailored to Siting and Construction of
Radioactive Waste Depository

Social impact Effect issues

People must relocate because the 1. Potential effects related to relocation:
project will take their land. a. Disruptions will occur to familial and 

friendship patterns problems.
b. Individual adjustment problems.
c. Psychological ties to property will 

be destroyed.
d. Inadequate compensation for relocating 

(real or perceived).

Substantial numbers of people will 1. The differences in social composition 
inmigrate because of project-related between old and new residents will
employment (either operation or create social problems.
construction or both). The construction a. Increase in social deviance
and operating phases may have (1) Crime
different effects. (2) Alcoholism

. (3) Drug abuse
(4) Child abuse
(5) Divorce
(6) Mental illness

b. Disruptions to current way of life
(1) Norms challenged
(2) Values challenged
(3) Local customs ignored
(4) Loss of sense of community

c. Increase in social conflict
(1) Confrontations between new and

long-term residents for power,
status, and group position.

(2) Delivery of services may be
perceived as being inequitable.

2. The sudden change in economic activity 
will create localized inflation because the 
supply of goods and services will be less 
than the demand.
a. Buying power of some old residents 

will be decreased.
b. Housing costs will increase.

People perceive health and safety 1. Potential effects related to fear of 
risks from the presence of radioactivity:
radioactive material. a. Marketability of farm products will fall.

b. Tourists will avoid the area.
c. Property will lose its value.
d. Current residents will outmigrate.
e. Stress and other psychological

disturbances will occur.
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studies through interviews and meetings. In the end, the case study is
useful as a description of a situation, but it is difficult to appeal to rel-
ative or absolute measures for criteria to assess the extent and desir-
ability of impacts (Stacey, 1985).

More problematic is the fact that the approaches that have been
used do not conveniently lead to a general social impact method like
the specific approaches documented and required for assessing effects
on biophysical parameters such as air quality, land use, and water
quality. The literature on social impact assessment is extensive, as evi-
denced by the more than 60 examples reviewed by Stacey in 1985. The
main parameter of an ideal social impact assessment model emerged
from a consideration of needs, usefulness, and value to the purposes at
hand, and is presented in Table 10.5 (Carley, 1981).

This is a sketch of an ideal social impact assessment program
which is described in steps which could be redefined to be expressed
as tasks. The method(s) to be used, which underlie social impact
assessment, range from trend analysis to scenarios. These methods
are all aimed at obtaining a view of the future with respect to social
parameters. Some methods are very objective and analytical, and
others are subjective and qualitative. People react differently to the
method that is being employed. The more analytical and abstract the
method, the more argumentative and defensive are people in the
community being analyzed. The qualitative and opinion-based
approaches have the strong advantage of involving people from the
affected area directly in the analysis. This improves communications,
understanding, and involvement. These factors are critical to the
success of social impact assessment, a fact which significantly dis-
tinguishes this aspect of environmental impact assessment from the
other traditional dimensions.
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TABLE 10.5 Schema for Social Impact Assessment

1. Establish a baseline
a. Identify key issues
b. Identify data sources

2. Forecast changes
3. Evaluate changes
4. Identify how to respond

a. Weigh available mitigation
b. Weigh need for compensation

5. Evaluate how to respond
a. Recommend mitigation
b. Recommend compensation

6. Monitor
a. Evaluate effectiveness
b. Make adjustments
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10.6 Social Impact Analysis Methods

Another important factor is that, for social impact assessment, there
is seldom a definitive answer or forecast. There are lots of “if this, then
thats” and significant uncertainty and risk. When methods and
approaches are used to derive a definitive answer which disguises the
uncertainty and risk, people in the affected community realize it and
tend to be argumentative and contentious. The methods that expose
uncertainty and risk, although difficult to apply to decision making,
can be highly useful in clarifying the situation for the community
affected. Decisions are more difficult to make but are made with bet-
ter consideration of risk and uncertainty.

Some of the principal methods that have been used in social impact
assessment are examined here.

Trend analysis

This method is based upon extrapolation of past developments and
changes into the future. It is simple to do, and the techniques can be
as ordinary as visual interpretation of directions (from a graph or
chart) or as complicated as multiple regression techniques based on
statistics and mathematical modeling. This method is very useful as a
“first cut” at possible future outcomes. The main weakness of trend
analysis is that usually the models are simple relationships that
include time and, as a result, may not be particularly accurate or com-
pelling. The “behavioral” content of trend analysis models tends to be
very weak. As a result, the models may not capture the true underly-
ing forces that are likely to be the reasons for change.

Content analysis

This method is useful and popular because it relies on the analysis of
secondary sources (newspapers, journals, magazines) for expressions
of opinion, judgment, and expectations. One weakness of this method
is that ideas about unexpressed or unexplained issues would not be
analyzed (for example, the problems of aged or retired people when
prices inflate dramatically in a community). Another weakness is that
it remains an indirect indicator of social concerns. It is really an eval-
uation of the newsworthiness of an issue, and is dependent totally
upon the perspicacity of the reporter and editor, much less upon the
feelings of members of the general public, and still less upon objective
analysis of the probable change.

Case study

The case study is the most popular approach utilized so far for social
impact assessment. It has the advantage of flexibility, which permits
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the assessment to be tailored to the specific issues important to the sit-
uation. The main disadvantage of the case study approach is that the
future views are not produced systematically and are generally not
reproducible. It is also an approach which usually provides an “exter-
nal” view of the social issues and thus can be less compelling than an
approach which admits more community participation. Studies may be
highly controversial and not be accepted by many of the groups includ-
ed in the study.

Delphi

This method involves the assembly of judgment and opinion by a group
of people. This is done by a survey (mail or in a group setting), and the
results are rapidly communicated to the participants. Following the
communication of results, the participants are asked to revise their
opinions based on what they have learned from the other participants.
This process is reiterated to arrive at a consensus (Chapter 5). The
Delphi technique is also widely used to crystallize the opinions of small
groups, especially in the public involvement phases of the NEPA
process. It is, perhaps, not as well suited to acquiring the full spectrum
of public thought at any one time. The main shortcoming of this method
is that the “outlying” opinions and ideas tend to be submerged in the
mass judgment. This means that the uncertainty and risk are masked
by this process, and important, but less prevalent, concepts may be lost
from view. While the median level of concern is noted, we may not know
how spread out the full range was. It is the outliers who often polarize
opinion, and an understanding of the full range is important when
developing project plans.

Participant observation

This method relies on the observation of patterns of behavior in the
affected community. These patterns are then used to extrapolate rela-
tionships for the future. The methods used are similar to those used by
the cultural anthropologists who live with and study primitive cultures.
This is tantamount to an individualized form of a case study. As it relies
on specific observable and recordable behavioral relationships, it can
deal only with those relationships and those individuals and institu-
tions for which observations have been or can be made. As it is a data-
driven method, it has statistical appeal. The problem is that usually
historical data are not available for critical behavioral relationships and
these data must be re-created. The second problem is that many impor-
tant behavioral relationships are not easily recorded in a quantitative
fashion. For example, community cohesion is not easily measured (if it
can be measured at all). Nevertheless, it is viewed as an important mea-
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sure of community characteristics which is extremely susceptible to
change when a project or program is introduced. Finally, here, the
Heisenberg principle* acts critically (as with other parts of the social
impact assessment process) to result in the population being measured
having its behavior affected by the act of measurement.

Similarity

This is a catchall category which represents the collection of attempts
to use the results of what has happened with respect to one project at
one site to infer what will happen for another project at another site
(or at another time for the same site). It is a very weak form of extrap-
olation for application to social impact variables, but it is still widely
used, or at least attempted. Personal experience forms the basis for a
personal “similarity analysis” in many cases. This may explain why
“experienced” observers are frequently wrong in their analyses! These
products are usually intensely personal, reflecting the ideas and expe-
riences of the preparer. In practice, this approach is not usually very
successful because

It is not always clear what has happened in the original situation.
Data may be inadequate, or understanding of the changes and the
reasons behind them not clear.

No two sites are ever really the same in terms of population, geog-
raphy, and the proposed project. Furthermore, they are usually dis-
placed in time as well. The demonstrated values and tastes of people
evolve over time.

The knowledge of the principal issues and relationships for the new
site may be insufficient, or the preparer’s background may be inad-
equate for this location and situation.

The behavior of the population will differ from one site to another.
The behavior patterns of people at a site in the western United
States (in the Rocky Mountains) will not be transferable for fore-
casting to a similar program in eastern Kentucky or Tennessee,
although the project (e.g., coal mining) might be similar.

Dynamic simulation

Systems dynamics modeling has been successfully used to illustrate
complex behavioral relationships and their evolution over time. This
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*From Werner Heisenberg (1901–1976), who voiced the “uncertainty principle,” under
which a scientist was more confident of the overall effect of a phenomenon rather than
the exact value of any one part at one specific time.
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method is robust enough to capture and analyze the range of quanti-
tative and qualitative relationships necessary for a sound social
impact assessment. It has two main drawbacks. It is very expensive to
construct and calibrate such a model. It is most instructive for the
model builder and practitioner, but involvement of the community in
the construction and operation of the model is probably not feasible.
The need to use a complex mathematical and statistical model renders
it a “black box” in which people (particularly people in the affected
community) do not have confidence.

Inference from theory

Theoretical constructs of behavior in different project situations can be
used to infer newly developing changes. This method can be very use-
ful for constructing hypotheses about change but is not good for con-
veying possible effects to people in the community. The “boomtown”
phenomenon of energy development in the western United States has,
from time to time, been used as a theoretical model for rapid develop-
ment for large energy projects. For the Portsmouth Nuclear
Enrichment Facility expansion, boomtown models were used by the
local population as a model of what could happen. In this situation, the
theoretical model did not apply at all, as there were buffers in effects
in terms of the extent of migration of the workforce and its permanent
versus transitory character that were outside the theoretical boom-
town model. As a result, false expectations about effects (both good and
bad) were raised by inferring effects from the (misapplied) theory
(Battelle, 1979).

Surveys

Among all the methods that have been applied to social impact assess-
ment, surveys must be ranked the most popular. They are easy to
design and, relatively easy to administer, and the results can be orga-
nized and displayed to reflect a summary of the surveyed population.
The results are often useful in scoping and in planning public involve-
ment activities (see Chapter 11). The unfortunate aspect is that the
surveys are of very little value in forecasting the future. Surveys are a
description of a situation and might even find historical information.
The major need, which is generally lacking, is the conduct of longitu-
dinal surveys over a significant time period with the same population
group and concerning the same project so that time-related behavioral
patterns can be identified. This is especially difficult for a project that
involves a significant transitory workforce. These people are very dif-
ficult to trace and resurvey at a later time.
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Scenarios

This is a little-applied method which has significant potential value.
The techniques have been developed and are readily applicable to
social impact assessment (Stacey, 1990). Current techniques have
made the approach simple and easily accessed by the affected popula-
tion. In addition, realistic perspectives on uncertainty, the reality of
the current situation, and the potential future situation with and with-
out the program are possible. The use of the tool is also a direct form of
communication and can be combined with the development of specific
mitigation and compensation actions. These modeling approaches do
not rely on statistical data or quantitative information exclusively; thus
the qualitative uncertainty and risk can be included in the method. The
fundamental analytical technique used is cross-impact analysis, which
has now been in use in a variety of very practical applications for over
20 years.

There are many new and developing methods and tools that are
useful for social impact assessment. The needs of this type of assess-
ment place a premium on methods that are flexible, easy to access,
and easy to understand, and promote communication and under-
standing. The main needs are to be able to produce long-term fore-
casts, to reflect clearly the uncertainty and risk, and to have enough
experience in the application of methods to actual projects to gain con-
fidence in the results and bring understanding and value to the affect-
ed community.

10.7 Assembling the Socioeconomic
Impact Assessment

In recent years, impact assessment has taken on a new and important
direction. Decision makers at all levels, as well as community mem-
bers, have developed an increasing awareness of the need for estimat-
ing the effects of large projects on communities (Verity, 1977). The
energy-related “boomtown” development in the west, as related to coal
mining, in which small towns have increased 100-fold in size in a very
short time period, is one example of a source of socioeconomic impacts
(USDI, 1975). The purely social consequences were discussed above in
Section 10.5. While not originally receiving a great deal of emphasis in
the context of environmental impact assessments and statements, the
origin of the concept that socioeconomic assessment would be useful
may be attributed directly to the requirements under NEPA.

Estimation and analysis of these impacts have direct and immediate
application in planning for change and growth that might occur as a
result of a large project; such estimation and analysis is being done in
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support of studies of such large projects (ANL, 1978; TVA, 1976). The
categories of effects that may be covered in socioeconomic impact
analysis include those shown in Table 10.6. Some or all of these factors
are of interest to planners, developers, businesspeople, and public offi-
cials who must deliver public services.

All of these people need to know the potential effects on the commu-
nity or region of large construction projects to enable them to plan for
potential changes in temporary and permanent employment in an area.
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TABLE 10.6 Example of List of Socioeconomic Attributes—Two Levels

Demographic and population effects Physical environmental quality effects
Age Particulates (air)
Sex Odor (air)
Race/ethnicity Suspended solids (water)
Education completed Thermal (water)
Occupations Communication (noise)
Household composition Social behavior effects (noise, etc.)

Government fiscal effects Public health status effects
Tax rates Number/type of facilities
Tax burden Number/type of personnel by skill level
Expenditures Occupancy patterns
Revenues Cost of health care
Debt Special services (elderly, low income)

Educational effects Quality of drinking water supplies
Enrollment Family status effects
Facilities Marital status
Teacher supply/qualifications Family size
Student-teacher ratio Marriage
Achievement (graduates/dropouts) Divorce
Finance Composition

Housing status effects Public safety effects
Enumerations Fire protection
Ownership/rental patterns Police protection
Characteristics by type, age, size Ambulance service
Cost/rent Rescue service
Construction starts Recreational opportunity effects
Availability ratios by type Type of facilities

Labor force effects Ownership
Employment Participation
Labor force participation Distribution/accessibility
Employment distribution (by sector) Cultural alternative effects
Employment opportunities Historical/prehistoric sites

Economic status effects Unique human settlements
Regional economic stability Local government (functions-responsiveness,
Income access to) effects
Income distribution Planning
Energy expenditures Regulation, standard setting
Industrial sector effects Protection of welfare

Education
Administration
Enforcement
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Changes in employment and in locally produced and consumed goods
and services are the cornerstones of information needed to estimate
impacts. The added people and activities will require augmented pub-
lic and private services that will cost more money to deliver. Increased
income to the population and resultant increases in assessed value of
property will, in turn, generate additional public revenues. Before the
community can deliver the services demanded, careful planning by
responsible community entities is required. A detailed projection of the
expected effects of a project on expanding the labor force should be
made as a first step in this planning process. Figure 10.2 shows a sim-
plified schematic of the flow of effects that can be expected from
expanded local employment opportunities (Battelle, 1979).
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Figure 10.2 A simplified schematic of the flow of effects from requirements for an
expanded local labor force.

Economic and Social Impact Assessment

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



There are two major consequences that result from both the increase
in population and the resulting changes in the demand for public and
private services and in the revenues collected to finance these services.
One of these is the increase in employment in the public and private
sectors providing these services. The other major effect is the increase
in the cost of providing these services. These costs potentially include
both capital and operating costs. The overall impacts are ultimately
reflected as financial effects on local political subdivisions and as indi-
rect employment effects.

Social impacts may be regarded as impingements upon community
social conditions and processes. Socioeconomic impacts, then, are com-
munity impacts which are social and economic in character. A socioe-
conomic impact analysis is focused on tracing these effects. It begins
with changes in the labor force and ends with expected impacts on a
variety of factors, including the financing of local public services, pri-
vate enterprise, and indirect employment opportunities.

Any analysis involves a number of key assumptions. However, it is
possible that as a study progresses, new evidence and/or data can
result in the desirability of changes in these assumptions. To be
responsive to this need, computer-based models are used to estimate
the effects. With models, it is possible to replicate results and to rapid-
ly reiterate the analysis using new and/or differing assumptions.

Given the assumptions, both the quality and the planning useful-
ness of socioeconomic impact analysis are dependent upon a number of
key factors. Four of the most important are

1. Introduction of a time dimension

2. Characterization of the labor force and estimation of percentage of
“mover” workforce

3. Estimation of indirect workforce

4. Estimation of revenues and expenditures

Time dimension

To be able to compare the effects of a given project with other projects,
the planner needs to know the timing of the effects. Impacts on param-
eters should, therefore, be estimated on an annual basis. This does not
seem difficult until it is attempted. Information on a baseline for each
parameter must be forecast for each year; then, estimates of each
parameter’s change resulting from the project must be prepared. To do
this, requirements for the construction labor, materials, permanent
labor, and operating inputs must be prepared on an annual basis. With
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this information, the annual effects on parameters may be estimated
and the concomitant requirements for public and private sector ser-
vices and associated expenditures and revenues may be established on
an annual basis.

In the process of forecasting baseline and changes, error will occur.
Adjustments for error should be accommodated as soon as the value of
the adjustment (improved accuracy in impact assessment) exceeds the
cost of making the adjustment (collecting new data and rerunning the
model). One example of the adjustment process is shown in Fig. 10.3.
The actual value for population size does not equal the forecast at t �
1 and t � 3. Obviously, the benefits of such forecasts must be compared
with the possible costs.

Characterization of labor force and
estimation of “movers”

The labor force (both permanent and temporary) is the key to assess-
ing the need for various public and private services. The workforce
should include both direct and indirect employment. The labor force
must be characterized for each year of the analysis (or forecast). To do
this, four steps are essential:
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Figure 10.3 Relationship between forecast baseline (population size) and accrued
impacts over time.
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1. Identify labor force requirements

2. Determine labor force availability

3. Estimate “mover” labor force requirements

4. Define the composition of the workforce

Identify labor force requirements. The purpose here is to estimate the
project workforce requirements for each year of the construction peri-
od. The specific number of workers by occupation for construction
stages such as the following should be sought:

■ Site work
■ Underground and utilities
■ Structural
■ Equipment installation
■ Finishes

It is necessary to identify the time frame for each construction stage
and the number of workers required, by occupation or craft. Estimated
salary/wage schedules also should be obtained for each occupation. In
addition, similar information should also be sought for the permanent
workforce. The completion of this work provides an estimate of the
labor demand.

Determine labor force availability. At the same time the workforce
requirements are being estimated, the labor force availability for rele-
vant worker classification in the affected region should be estimated.
The key sources of data for this include

■ The U.S. Census Bureau
■ Labor union officials in the affected region
■ State and regional employment records
■ Review of other similar experiences

Availability should be estimated for each occupation category or
craft, to include

■ Employment/unemployment status
■ Wage/salary currently earned
■ Distance from site (i.e., 1, 2, 3 hours average commuting time)
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Estimates for availability should be generated for appropriate time
intervals for the analysis. This constitutes an estimate of the supply
of labor.

Estimate “mover” labor force requirements. Once the demand and sup-
ply for each time period have been determined, the “moving” require-
ments of the estimated required labor force must be identified. The
movers will be workers who fill the gap (if one exists) between the
demand and the supply of workers for each time period. The moving
labor force may be identified by the following parameters:

■ Commuters—that part of the required labor force able to travel to
and from the construction site for work on a daily basis.

■ Permanent—that part of the labor force that takes up permanent
residence in or near the site. Such workers typically bring their fam-
ilies to their new residences.

■ Relocated—that part of the labor force that takes up residence near
the site for fewer than 5 years (more typically, just for the period of
required employment). Such workers may or may not bring their
families with them for all or a portion of their time in residence.

■ Travelers—that part of the labor force that resides near the site dur-
ing the normal workweek (Monday–Friday) and returns to their per-
manent places of residence on weekends and holidays. Such workers
typically do not bring their families with them.

Define the composition and requirements of the workforce. The perma-
nent and moving labor force should then be characterized so that the
demands for public and private sector needs can be identified. The
labor force would be characterized for the following factors:

■ Family size
■ Spouse’s employment
■ Number of school-age children
■ Wages and salaries
■ Housing requirements

Estimation of indirect workforce

In order for planners to prepare for changes in required services, a care-
ful estimate of the indirect workforce is essential. This workforce may
represent as much as 50 percent of the construction and/or permanent
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workforce. When family members (spouses and children) are also count-
ed, the indirect workforce becomes significant in its demand for services
and in its ability to generate revenues. Most work in this area so far has
been conducted on the basis of observations of past experiences and the
adoption of an appropriate “ratio” of indirect to direct employment.
However, this is a method that may result in substantial error. Therefore,
new approaches are required to make better estimates of this workforce.

These workers can be estimated using a regional input-output model.
If carefully constructed and adjusted by sector to the local economy, such
a model will provide highly defensible forecasts of indirect employment
requirements. These forecasts serve two purposes. First, they allow esti-
mates of the demand for public services and the additional revenue gen-
erated by the added employees. Second, the changes in output by sector
of the economy will enable business planners to anticipate changes in
the demands for private sector goods and services.

Estimation of revenues and expenditures

The estimated changes in the demand for public sector goods and ser-
vices constitute the “real” effects of the project. The financial effects
are of equal (or, to some community members, perhaps greater) impor-
tance. The real effects must be converted into fiscal effects.

As the temporary and permanent workforce moves into an area,
community services experience expanded demand. At the same time,
the new community members generate new revenues to finance the
provision of these services. Thus, the new residents represent both a
benefit to the community (more business and more tax revenues) and
a burden (additional services that have to be provided) (University of
Tennessee, 1973).

The estimation of revenues and costs is critical to the analysis of
socioeconomic impact, because it is here that the results of supply-
demand analysis, projections of budgets, and revenue and cost fore-
casts are brought together. The ability of affected entities to finance the
delivery of additional services is essential for planning purposes. A pre-
liminary examination of effects would show which years are likely to be
the most heavily affected with respect to capital and operating costs.

The average per capita costs of services should be identified and
multiplied by the expected change in population to set the costs of the
services. There are many data available on the costs of various types
of services provided by local government jurisdiction. National data
may be compared with current local experience to arrive at an esti-
mate of requisite service costs.

The budgetary process and revenue sources combine to determine
the amount of funding available to finance the delivery of services.
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General revenues are usually appropriated for use through the bud-
getary process. The availability of state-collected revenues to counties
and towns (intergovernmental) is subject to rules and some uncertain-
ty. All of these factors affect the lead times involved in estimating the
availability of funds to finance additional services. In addition, mileage
rates, assessed value, and limits on bonded indebtedness all affect the
ability of a community to generate revenues to finance services.

The results of such analysis would be a report on each key entity
(school district, township, city, town, county) for each affected service.
The format should be such that the user can anticipate potential financ-
ing problems and begin to take steps to alleviate possible difficulties.

10.8 Problem Areas

For most projects for which you and your agency will be preparing
NEPA documentation, many of the details of the socioeconomic impact
assessment procedure described above will seem overdetailed and
unnecessary. It is true that they were developed specifically for the
very large project, a construction phase which might involve tens of
thousands of persons and a permanent workforce of more than 1000.
Each of the procedures does apply, however, to the smaller project as
well. In practice, in the 30-plus years of NEPA examination of envi-
ronmental consequences of government programs, some guidelines
have emerged which may help you to assess your proposal in realistic
terms. The “problem” areas which follow are a selection of those where
errors have frequently been seen in the preparation of social and eco-
nomic portions of NEPA documents.

Time phasing of effects

As discussed in Section 10.7, a firm knowledge of the time dimen-
sion is important. Suppose the project is stated to have a construc-
tion cost of $25,000,000. The “logical” approach is to enter this
value in an economic model to determine the effect on the local
region. This may lead to gross overestimation of positive effects!
Why? Because an economic base model, such as the army’s, reports
its results on an annual basis. Thus, a model input of $25,000,000
implies a stimulus of $25,000,000 per year! In fact, your project is
likely to take 3 or more years to complete, so the stimulus in any 1
year is much less than the eventual total. When using an input-out-
put model which has no “expiration date,” however, the total posi-
tive effect over a multiyear period may often require the input of
the entire value. Know the time frame implicit in the dollar figures
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used. This also applies to employment figures. Not every new
employee stated in the proposal will be hired at one time. Start-up
may be spread over several years. Overall, misunderstanding of the
time-phased aspects of project proposals has led to severe over-
statement of many of the benefits of the project. While it is natural
to be a proponent for your agency’s idea, avoid making this severe
misstatement in the assessment.

Selection of the economic region

What is the region in which economic (and social) effects will be felt?
How do we define it? As suggested above, the use of commuting time is
a common basis. But how do you relate commuting time to distance?
This varies widely from one part of the country to another. In the north-
west, 1.5 hours may mean only 30 miles, while in the southwest it may
mean 100. One acceptable method is to inquire about commuting pat-
terns of employees already in the area. This may not be possible. Many
of the largest development projects are intentionally sited in remote
areas with few present employees of the type proposed. The best advice
we can provide suggests matching the size of the region to the magni-
tude of the action. If the region is a major urban area, a change of 100
or 200 persons probably would not impact rural counties beyond the
center of the region. If, however, these 200 new employees will be locat-
ed in a low-population county far outside a major urban area, then an
aggregation of five or six surrounding counties is logical even for an
action of this magnitude. When the numbers are in the thousands, then
multicounty regions are the norm in economic analysis.

What are the consequences of having too large a region? In gener-
al, the effects of your action will show larger total dollar effects, but
they will represent a smaller proportion of the normal annual income
of the region. Conversely, selecting a very small (i.e., low-population)
region for a major action will result in calculations of smaller absolute
dollar value, but it will represent a greater proportion of the annual
norm. There are no absolute standards for this selection. In some cas-
es, one is asked to estimate the economic consequences to a much
smaller area than a county. In the northeast, the town (township) is
the local unit of association for many people. Analysis of effects on
units of this size is difficult for economic base models for several rea-
sons. First, data are not usually available on that basis to calculate
local multipliers. Second, even if data were available, few areas as
small as a town will have export employment values which are mean-
ingful. The model would thus show lower, rather than higher, effects
when the smaller area is considered, the reverse of the effect sought
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by the local proponents. A site-specific input-output model would be
usable if developed, however.

Employment and unemployment

Many government proposals, especially for development projects, have
as one of their goals to increase local employment. Usually, this is stat-
ed, or at least implied, to result in decrease in unemployment. In prac-
tice, however, the two values are only very loosely related. There are
several reasons for this. A newly created job, for example, is very like-
ly to be filled by a person already employed, but seeking to improve his
or her status. It may also be filled by a person not in the workforce—
a woman with proper skills, but staying home to raise children. The
availability of the new job provides the stimulus to move into the
workforce. She was never counted, however, as unemployed, so no
change in that figure is seen. Much secondary, or induced, employment
is incremental. An example is the salesperson who sells refrigerators.
When more people are hired at the new factory, the store sells more
appliances, and she receives more commission. Her income has
increased, counted as a fraction of a person-year of new employment,
but nobody has been hired. There is more employment without a
change in unemployment.

This elasticity of employment also applies to decreases. That same
salesperson could lose a measurable percentage of her income without
being unemployed. If your agency will be decreasing employees at a
site, one must remember that loss of a job does not equal being unem-
ployed, at least not in the official measurements. Many persons may
transfer; some will be eligible for retirement; some will find other posi-
tions, even in very bad times; and only a minority are likely to file for
unemployment benefits. Avoid making direct relationships between
the effects of your proposed action and the unemployment rate in the
area. There is seldom a one-to-one relationship.

10.9 Environmental Justice

Negative environmental impacts tend to fall more heavily upon the
minority members of society. Studies have shown that chemical man-
ufacturing plants, hazardous waste landfills, highways, and other
developments with negative environmental consequences are more
likely to be located in low-income and minority communities. In order
to combat this trend and move toward the pursuit of equal justice and
protection for all people under environmental statutes and regula-
tions, the concept of environmental justice was developed.
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What is environmental justice?

Environmental justice is a term that refers to the federal government’s
obligation to ensure that ethnic minority or low-income sectors of the
population are not disproportionately affected by adverse environmen-
tal impacts or hazards. Specifically, the term refers to impacts that
might be caused by programs, policies, or actions of the federal gov-
ernment. The underlying tenet of environmental justice is that agen-
cies must take proactive measures to ensure that communities with
concentrations of minority or low-income people will not be exposed to
adverse environmental burdens or hazards at a rate greater than the
population at large (Institute of Medicine, 1999).

The environmental justice movement traces back across the twenti-
eth century, and in particular is interwoven with the United States
civil rights movement of the 1960s and 1970s and the concerns about
“environmental racism” brought forth in the 1980s (EPA, 1992a;
Newton, 1996, Bullard, 1990). Environmental justice became a widely
recognized national issue in 1982 when approximately 500 demon-
strators gathered in Warren County, North Carolina, to protest the sit-
ing of a polychlorinated biphenyl (PCB) landfill in a predominately
African-American and low-income community. This protest led to a
1983 investigation by the U.S. General Accounting Office (GAO),
which found that three of the four major hazardous waste landfills in
the south were located in minority (predominantly black) and low-
income communities. In addition, two other major environmental con-
ferences were held in the 1990s, further increasing awareness of
environmental justice: The First National People-of-Color
Environmental Leadership Summit and The University of Michigan
School of Natural Resources Conference on Race and the Incidence of
Environmental Hazards. NEPA, signed into law in 1970, made an ear-
ly attempt to establish a national policy to “stimulate the health and
welfare of man,” and acknowledged the responsibility of the federal
government to “assure for all Americans safe, healthful, productive,
and aesthetically and culturally pleasing surroundings” (NEPA, 1970).
Environmental justice, or “environmental equity,” issues of the 1980s
centered on the exposure of minority or low-income populations to
environmental toxins, such as those in contaminated landfills, and
occupational health issues, such as uranium mining (EPA, 1992b).
However, the issue of environmental justice came into its own over the
last two decades of the twentieth century, culminating in specific fed-
eral directions promulgated on an agency-by-agency basis. While
acknowledging that there may be a correlation between “dirty” or
“dangerous” activities and areas inhabited by minority/low-income
peoples, many observers see this as due to the operation of basic price-
demand economics, and reject the premise that the areas are selected
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because of the minority population. They observe that, in many cases,
the activity was present before the minorities chose to live there.

Executive Order 12898, “Federal Actions to Address Environmental
Justice in Minority Populations and Low-Income Populations,” was
signed by the President on February 11, 1994. The order and an accom-
panying Presidential memorandum (Clinton, 1994) direct each federal
agency to identify and address “disproportionately high and adverse
human health or environmental effects of its programs, policies, and
activities on minority populations and low-income populations.”
Further, the order directs each federal agency to develop a strategy to

■ Promote enforcement of all health and environmental statutes in
areas with minority populations and low-income populations

■ Ensure greater public participation
■ Improve research and data collection relating to the health and envi-

ronment of minority populations and low-income populations
■ Identify differential patterns of consumption of natural resources

among minority populations and low-income populations

Additionally, it is to include, where appropriate, a timetable for under-
taking identified revisions to prior programs, policies, and processes,
and consideration of economic and social implications of the revisions.

In relation to the environmental analyses performed under NEPA,
an environmental justice discussion should address adverse impacts
that are significant within the meaning of NEPA, and that are dispro-
portionately high within minority or low-income populations. If
impacts of a given proposed program, policy, or action are not adverse,
or if adverse impacts are not significant, the NEPA review is not
required to discuss environmental justice issues. Similarly, if impacts
are both adverse and significant, but do not disproportionately affect
minority or low-income populations, the NEPA review need not discuss
environmental justice issues (CEQ, 1998).

How are environmental justice issues
determined?

Both the CEQ and the EPA have prepared written guidance to help
federal agencies determine when and how to consider environmental
justice issues. Each agency is responsible for promulgating its own
process in this regard.

The EPA (EPA, 1998) defines environmental justice as

The fair treatment and meaningful involvement of all people regardless
of race, color, national origin, or income with respect to the development,
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implementation, and enforcement of environmental laws, regulations,
and policies. Fair treatment means that no group of people, including
racial, ethnic, or socioeconomic group should bear a disproportionate
share of the negative environmental consequences resulting from indus-
trial, municipal, and commercial operations or the execution of federal,
state, local, and tribal programs and policies.

One way to determine if impacts are adverse, and disproportionately
affect minority or low-income populations, is through the NEPA process.
The Executive Office and the CEQ, which oversees the NEPA process,
suggest this approach. It is especially pertinent for assessing the poten-
tial for environmental justice issues related to federal actions, but it can
also be useful for looking at federal programs or policies. In 1998 the
Council (CEQ, 1998) issued guidance for including environmental jus-
tice considerations through the NEPA process:

Agencies should consider the composition of the affected area, to deter-
mine whether minority populations, low-income populations, or Indian
tribes are present in the area affected by the proposed action, and if so
whether there may be disproportionately high and adverse human health
or environmental effects on minority populations, low-income popula-
tions, or Indian tribes.

What is an affected population?

Environmental justice seeks to identify significantly adverse impacts
that would disproportionately affect minority or low-income popula-
tions. In order to do this, the reviewer must have some replicable way
to determine what the affected population is, and whether the affected
population is predominantly minority or low-income.

The terms minority and low-income are subjective. Because there
may be differences in interpreting these terms, the CEQ (CEQ 1998)
has defined these terms as follows:

■ Minority. Individual(s) who are members of the following popula-
tion groups: American Indian or Alaskan Native; Asian or Pacific
Islander; Black, not of Hispanic origin; or Hispanic.

■ Low-income. Low-income populations in an affected area should be
identified with the annual statistical poverty thresholds from the
Bureau of Census’s Current Population Reports, Series P-60 on
Income and Poverty.

Factors that the reviewer might consider in determining the affect-
ed population, and whether it is predominantly minority or low-
income, could include
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■ Demographic information
■ Geographic information
■ Economic information
■ Indigenous uses of resources
■ Other localized sensitive issues

In accordance with CEQ guidance, the reviewer may wish to start
with standard sources of demographic information, such as U.S. census
data. Depending on how long it has been since the information was
compiled and the accuracy of the data for a given region, there may be
shortcomings in using only census data. Other sources of information
may be state, tribal, or local economic development reports; universi-
ties; or private researchers. As a final point, one value of the public par-
ticipation process required by NEPA and Executive Order 12898 is its
use in fleshing out demographic information, or providing other infor-
mation of interest in determining whether minority or low-income pop-
ulations would be affected by a proposed federal action.

Minority or low-income populations are determined on a compara-
tive basis to the population at large in a given “area of influence” or
affected area. In some reviews, the agency may choose to use a set
area, such as looking at the resident population within a 50-mile
radius of the site for a proposed action. However, this method may
overlook transient populations, such as nomadic indigenous popula-
tion or migrant workers. Additionally, localized or indigenous use of
natural resources (such as hunting or collecting certain plants for cer-
emonial use) may bring a specific minority or low-income population
into contact with an effect that might be otherwise localized, or even
overlooked, if only the dominant population within the area is consid-
ered (Hayes et al., 2000; Institute of Medicine, 1999).

There are various ways of calculating the percentage of minority or
low-income populations within a given area. Minorities may be count-
ed in comparison to national ethnic norms, or in comparison to state or
local areas. The reviewer may want to consider appropriate alterna-
tive approaches to avoid dismissing a localized population where an
ethnicity is in the majority locally or regionally, such as on the Navajo
Indian Reservation (which is approximately the size of the state of
West Virginia), but in the minority on a state or national basis. In
some cases it may be more useful to consider the local population as a
minority compared to the nation, even though the local population
may be an ethnic majority within the local area.

Similarly, economic indicators and baselines vary considerably
across the country, and must be examined in comparison to local or
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regional standards as well as national standards. For example, the
dollar level that may legitimately be considered “low income” in San
Francisco or another city with a high cost of living may not be seen in
the same light in a prosperous, but rural, area with a lower cost of liv-
ing. That is, a low income in a city might be similar to a moderate
income on a national level, but would be low in comparison to the local
norm. Or, on the other hand, if a local area has a uniform, but low,
income level, it might be difficult to identify a comparatively low-
income population unless a larger area is examined. Again, in some
cases it may be more useful to compare incomes against regional or
national norms rather than local norms.

Reviewers interested in environmental justice issues may want to
look at comparisons against more than one set of statistics to ensure
that a relevant measure of local and regional income has been consid-
ered to establish what comprises a “low-income population” or a
“minority population” within a given impact area. This is especially
important in NEPA reviews, which are open to public scrutiny, so that
readers will know that a range of aspects have been considered. In any
case, the agency’s reasons or rationale for choosing one method over
another should be adequately explained.

What is a disproportionate effect?

Environmental justice considerations are directed to those cases
where an adverse impact is “disproportionately” directed at a minori-
ty or low-income population. In order to determine disproportionality,
the environmental justice reviewer must first determine the effect on
the total population in order to determine if the effect on low-income
or minority populations is proportionate or disproportionate (CEQ,
1998). Under a NEPA review, an agency will identify and determine
the extent of direct, indirect, or cumulative effects to human health
and the environment at large. The NEPA process is a forecasting tool,
however, and its determinations of effect, no matter how well-inten-
tioned, may in fact prove inaccurate over time. NEPA monitoring,
environmental monitoring, or public health studies may provide addi-
tional information that is more accurate in determining the actual
effect of a program, policy, or action over time albeit after-the-fact
(Institute of Medicine, 1999).

One hallmark of a disproportionate, adverse environmental effect
is that a local population may be exposed to different impact path-
ways—that is, the people in a localized area may use soils, plants,
and animals in a different way than the public at large, and there-
fore may be exposed to adverse health impacts in a different way
than the majority population (Hayes et al., 2000; Institute of
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Medicine, 1999). For example, in many parts of the country, Native
American populations favor wild game and fish as a substantial part
of their diet. If a proposed action, policy, or program might result in
an adverse impact to wildlife, whether through habitat loss or expo-
sure of wildlife to toxicity, the local people may be brought into
greater contact with an adverse impact due to their higher consump-
tion of wild game or fish (Fresquez et al., 1998a). Accordingly, an
impact that might well be considered of no consequence to a region-
al or urbanized population may be adverse to this localized segment,
and would disproportionately affect the local segment. Again, to use
the same example, because of the reliance on game as part of the
diet, the local population may be more susceptible to long-term,
cumulative impacts of several smaller actions that would become sig-
nificant in the aggregate. As a hypothetical example, a federal action
from one agency might be to construct a new power plant in a wildlife
habitat area that would result in a concentration of wild game in the
remaining habitat. A second, unrelated federal action from a differ-
ent agency might be to build a new highway, which might both fur-
ther fragment game habitat by interrupting migration corridors and
introduce toxicity (e.g., paving oils and road salts) into the habitat.
While neither of these might be significant separately, taken together
they could have a dramatic effect on the availability, health, and suit-
ability of game as a food source in a local area. The adverse impact
on local populations dependent on game as a food source would then
derive as a secondary impact.

Another type of consideration when dealing with localized minor-
ity populations is that there might be localized uses of soils, plants,
and animals that are not readily apparent to a reviewer not famil-
iar with local customs (Fresquez et al., 1998a; Hayes et al., 2000).
The reviewer may have to modify the typical assessment scenarios
and incorporate additional pathway assumptions related to tradi-
tional or ceremonial activities (Fresquez et al., 1998b). For exam-
ple, Native American tribes make use of certain plants for food or
ceremonial purposes, and Hispanic curanderas use a wide variety
of herbal tonics and medicines. A plant that does not have an
apparent economic value to the majority population may be of
extreme importance to a local indigenous population. The plant
may be used in such a way that unique exposure paths are encoun-
tered; for example, an herb may be placed on a fire or boiled and
the smoke or steam inhaled, or the plant extracts or ash rubbed
directly on the skin. Since many of these ceremonies or cures are
held in confidence, the local populations may not choose to divulge
the use, and hence the exposure pathway, to the reviewer (Institute
of Medicine, 1999).
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Public involvement

As is the case with the remainder of the NEPA process, effective envi-
ronmental justice depends upon and benefits from strong public
involvement (Clinton, 1994). Both the CEQ guidance and the guidance
published by the EPA provide for several steps to identify and address
environmental justice issues (CEQ, 1998; EPA, 1998).

The NEPA process requires that public input be solicited at specific
points in the review of a new proposal. Agencies can take proactive
measures to ensure that indigenous, minority, tribal, ethnic, or low-
income people are adequately heard. These measures can be simple,
such as holding public meetings in neighborhood centers that serve
minority, tribal, or low-income populations; having appropriate writ-
ten materials and translators available for non-English-speaking peo-
ple (such as fact sheets prepared in Spanish); and establishing a
meeting format that is amicable to the culture and education level of
the affected people.

Through the NEPA process, the agency can also ensure that the pub-
lic is made aware of, and agrees with, mitigation measures designed to
lessen adverse impacts to public health and welfare (Institute of
Medicine, 1999). This is especially important when the agency is
uncertain about exposure pathways, such as in the case of traditional
tribal uses of the environment, or the acceptability of specific mitiga-
tion measures to a given population segment.

Other requirements of environmental justice

Executive Order 12898 directs federal agencies to improve research,
data collection, and analysis in order to better capture information on
environmental justice issues. Broadly, this requirement has three
facets (Institute of Medicine, 1999):

1. Research to improve the science baseline

2. Research among the affected populations

3. Communication of research results in a meaningful way

The health baseline of minority or low-income populations is not
well understood. Since poverty tends to result in both a poor state of
nutritional health compared to the general population and a barrier to
receiving adequate health care, and since some diseases occur in dis-
tinctive patterns among certain minorities, the health baseline of the
low-income or minority populations may be quite different from the
baseline of either the general population or the majority population
(Institute of Medicine, 1999). Therefore the reaction of a minority or
low-income population to an environmental stressor may be different
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from the effect upon the population at large. Agencies are required by
the Executive Order to collect, maintain, and analyze data comparing
environmental and health risks to different segments of the popula-
tion. As agencies develop research strategies to gather information to
supplement the demographic and health baselines, they may consult
the affected population to gather additional information to determine
the optimum way to proceed. They are also expected to share the infor-
mation with the affected populations, in a way that can be readily
understood (Clinton, 1994).

The EPA guidance suggests that certain populations may be at high
risk from environmental hazards or exposed to substantial environmen-
tal hazards due to geographic factors that isolate them from other sur-
rounding communities or that tend to allow pollutants to accumulate in
the environment surrounding the population. Population age, population
density, literacy rates, and the stability of a neighborhood may also play
an important role in the health baseline of the affected population (EPA,
1998). Older or younger populations may be more susceptible to envi-
ronmental risk, either because of the amount of time they are exposed to
a potential toxin or because of the stage of development of the body’s
immune system. Individuals with a lower education level may have dif-
ficulty understanding complex technical documents, or be unaware of or
unable to identify an environmental risk at an appropriate time.

Summary of CEQ guidance

The CEQ issued guidance for addressing environmental justice under
the National Environmental Policy Act in 1998. The CEQ guidance
elaborates on how agencies may take environmental justice into con-
sideration during specific phases of the NEPA process. A summary of
the recommendations is presented below.

Scoping. Considerations should be made during the scoping process
to determine whether disproportionate impacts on minority communi-
ties may occur. In determining whether minority communities may be
affected, it is necessary to consider both residents and people who use
the affected area.

Establishing the affected environment. The preparer must take into
account all aspects, including physical, social, cultural, and health, of
the potential impacts resulting from the proposed action on the com-
munity. It is important to consider that the impacts within minority
populations, low-income populations, or Indian tribes may be different
from impacts on the general population due to a community’s distinct
cultural practices.
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Environmental assessment. As defined earlier, an EA examines the inten-
sity of a project’s environmental consequences and their significance, and
determines whether an EIS is necessary. The interests and concerns of
potentially affected minority communities should be taken into consider-
ation when determining the intensity of environmental consequences.

Analysis. Minority communities that may suffer disproportionate and
adverse effects from the proposed action should be encouraged to par-
ticipate in the development of alternatives, and in the identification of
the environmentally preferred alternative in the Record of Decision
(ROD). Involving members of the community in the development of
alternatives may lead to the identification of alternatives that have few-
er adverse impacts on minorities and reduced environmental effects.

Mitigation. If the preparer finds that the proposed action will have a
disproportionately high and adverse effect on a minority community or
any impact to tribal, cultural, or natural resources, then measures
should be taken to mitigate these effects. Mitigation efforts should be
developed in consultation with affected community members and
groups, and should provide for ongoing participation and coordination
after the measures are implemented.

10.10 Conclusions

Although socioeconomic impact analysis has been improved in the
recent past, considerable effort is still required to improve the meth-
ods. The key areas are

■ The inclusion of time in the analysis
■ Better estimates of the labor force and its composition
■ Better estimates of indirect employment
■ More detailed fiscal impact analysis

These improvements are being incorporated in current work in the
field. They result from the need to make the results of the analysis
useful to the community as inputs to the planning processes. The rec-
ommended improvements lead directly to greater utility of socioeco-
nomic impact analyses as planning tools.

10.11 Discussion and Study Questions

1 Discuss why you believe—or do not believe—that examination of the eco-
nomic consequences of a proposed action deserves a place within the context of
an EA or EIS prepared under NEPA. Is there a difference between effects on
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individuals and effects on governmental entities in this respect? Do you have
different opinions about positive (i.e., stimulating) effects than about negative
consequences? Is the inclusion of one type more logical than for the other?

2 In a similar manner, does examination of social consequences belong in a
NEPA document? Are all effects on individuals part of the social environment?
When may such effects be safely omitted? May they ever be omitted? Discuss
the circumstances.

3 Select any U.S. government agency for use as an example, or use the
agency for which you work. Examine its NEPA regulations for mention of
social and economic consequences. Are they handled equivalently to discus-
sions of air and water quality and other elements of the biophysical environ-
ment? Do they have special rules? Is this area given any treatment at all?

4 Discuss why it may be logical for an agency to suggest that social and eco-
nomic issues not be covered in NEPA documentation. Do you believe it is per-
missible for an agency to do so if it wishes? What overall purposes are
furthered or hindered if social and economic effects are omitted from coverage?

5 Consider which of these principles of social and economic impact are appro-
priately applied when the action under consideration will result in negative
changes in employment and income, rather than the increases discussed through-
out Chapter 10.

6 Review a recent EIS prepared for an action proposed in an area with a large
minority or low-income population. Are environmental justice issues discussed?
How was the effected population determined? Were possible mitigations identi-
fied?
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Public Participation

What is meant by the term public participation? For that matter, what
do the words mean separately? What is (or who are) the public? What
constitutes participation? Where did the term originate? What is its
contemporary meaning?

11.1 Beginnings

Virtually all government-sponsored activities have the potential to
affect some aspect of the life or environment of the area within which
they are to take place. Normally, this is openly stated as the basis of
need for the proposed action (i.e., that something needs to be changed).
Generally, public agencies are charged with the responsibility of acting
on behalf of the constituency they serve or represent. Actions that
require environmental impact assessment and statements are usually
extensive and are likely to affect the community and the environment
in a variety of ways, and these effects may be perceived as “good,”
“bad,” or “of no consequence.” This perception is, however, personal to
the extreme. One person’s “beautiful” proposal is someone else’s “dis-
aster waiting to happen.” However, the need, or at least the desirabil-
ity, for the project to be shaped in response to the requirements of the
local community establishes the necessity for effective public partici-
pation. Without such participation, the project may take on a direction
or emphasis that (although ostensibly directed toward public benefit)
is counterproductive to the community’s needs.

We have heard many times the epithet “Taxation without represen-
tation,” usually with the implication that it is unfair, unjust, uncalled
for, not desirable, and generally not in the best interests of the subject
population. Similarly, public sector activities which are stated to be in
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our interest but which evolve without our inputs to guide direction,
quality, and quantity also seem equally misguided. The value of pub-
lic participation at many stages in the NEPA process is widely
acknowledged (Stein-Hudson, 1988; Ketcham, 1988; O’Brien, 1988).

11.2 Early American Experiences in Public
Participation

The role of public participation in seventeenth- and eighteenth-centu-
ry decision making was examined in The Puritan Oligarchy—The
Founding of American Civilization (Wertenbaker, 1947). Wertenbaker
points out that there was a clear conflict between the Jeffersonian con-
cept of a participatory democracy and the reality of the church society
in Massachusetts. From its inception, the Massachusetts Bible State
exemplified the government of the many by the few, represented in the
comparatively small body of church members. All significant decisions
were made by a still smaller body of powerful men who represented,
alternately, the church and the political government.

The theoretical political base of the United States and most other
democratic governments accepts, as one of its central tenets, the
Jeffersonian concept of participatory democracy. This concept estab-
lishes the need for political figures to seek the consent of the governed
when making decisions affecting the welfare of the state and its citi-
zens. This theory finds classic expression in the town meeting and
assumes the educability of the citizen public, the predominance of rea-
son, the availability of full information, and free access to the decision-
making process, with the end product being understanding, consensus,
harmony, and sound decisions. Can we ever meet this ideal?

James Madison recognized the basic incongruity of this concept and
wrote in the Tenth Federalist Paper:

Those who hold and those who are without property have ever formed dis-
tinct interest in society. Those who are creditors, and those who are debtors,
fall under a like discrimination. A landed interest, a manufacturing inter-
est, a mercantile interest, a moneyed interest, with many lesser interests,
grow up of necessity in civilized nations, and divide them into different
classes, actuated by different sentiments and views. The regulation of these
various and interfering interests forms the principal task of modern legis-
lation and involves the spirit of party and faction in the necessary and ordi-
nary operations of government.

Problems associated with this “principal task of modern legislation”
to respond equally to various “publics” have been rearticulated many
times since Madison’s attempt. Many of the problems revolve around
the question of citizen involvement in governmental decision making
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and have resulted in great difficulty identifying and defining prag-
matic approaches to operationalize American government.

The eighteenth and nineteenth centuries were dominated by the
frontier. Settlers in those centuries perceived the American continent
both as a savage wilderness which should be conquered and as the new
world, full of inexhaustible resources of every kind. So, basically, the
destiny of humans appeared at the time to be to tame the wilderness
and exploit its resources. In the nineteenth century, conservationists
were philosophers and not activists. For example, Henry David
Thoreau quietly and eloquently recorded in his journal his conviction
that preservation is a worthwhile goal and that wilderness is justified
by the inspiration that people can draw from it. Persons like Thoreau
were out of the mainstream of the commercial and political life of the
nation, and had only a few sympathizers. Their perspective had little
impact on development policies. For them, preservation of natural
amenities was an aesthetic, ethical, and moral issue. It appears that
their philosophical ideas had little practical influence on the real prob-
lem, but what their writings did provide were philosophical founda-
tions for the next generation of conservationists.

These philosophical concepts proved to be insufficient, in them-
selves, to persuade a majority of the public. For example, in 1910, in
the period of recovery from the earthquake and fire of 1906, the city of
San Francisco proposed to create a water supply reservoir in the spec-
tacular Hetch-Hetchy Valley in Yosemite National Park. The question
was whether a human-made impoundment should be built within a
national park. Other sites were available, but the Hetch-Hetchy site
was the least costly. We must remember, in retrospect, that this was a
time when even most residents within California had never contem-
plated actually visiting Yosemite. The trip was lengthy and visitor
accommodations within the park were too costly for the ordinary work-
ing-class person. The park was known almost entirely through black-
and-white photographs.

John Muir, founder of the Sierra Club and a strong proponent of
wilderness, argued that the reservoir would be inconsistent with the
national park concept. Also, he argued that it would consume a mag-
nificent scenic area and would offer no recreational benefits. Muir’s
philosophical and ethical arguments proved to be insufficient when
put against the economics-based arguments of the proponents. In
1913, the Hetch-Hetchy reservoir was approved by the Congress
(CEQ, 1973).

In the early 1950s, environmentalists and conservationists, in addi-
tion to arguing for preservation as a philosophical concept, utilized
engineering and hydrologic studies to support their views. The case in
point was the Echo Park Dam in western Colorado. As a result of the
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arguments set forth by the conservationists, and as a result of public
participation and involvement, this particular project was dropped
from the development plans.

11.3 Alternative Terminology

There are several other closely related terms which may be used more
or less interchangeably with “public participation.” Community
involvement, public input, public involvement, community participa-
tion, and community relations are but a few of the terms which have
been used in various contexts. Nor is NEPA the only legislation where
public participation plays an important role. In the implementation of
CERCLA, the EPA Superfund program mandates an extensive set of
activities termed community relations. The stated objectives are to (1)
give the public the opportunity to comment on and provide input to
technical decisions, (2) inform the public of planned or ongoing actions,
and (3) focus on and resolve conflict (EPA, 1988). These terms do have
other aspects in common as well. While they all seek to further the
provision of timely information to the public, they differ from tradi-
tional public information or public affairs activities in that they seek
to operate in a two-way flow of ideas.

11.4 Public Involvement Requirements
within NEPA

The term public involvement was introduced into the NEPA context
with the publication of the NEPA regulations in 1978 (40 CFR 1500-
1508). Clauses which implicitly or explicitly require notification to or
consultation with some publics appear in several places in these regu-
lations. In Part 1501, for example, in the section dealing with prepa-
ration of assessments, at a time prior to the determination that an EIS
is required, the following sentence appears: “The agency shall involve
environmental agencies, applicants, and the public, to the extent prac-
ticable, in preparing assessments...” [40 CFR 1501.4(b)]. As another
example, in Part 1503, where the process of inviting comment on a
draft environmental impact statement is described, the regulation
states that “After preparing a draft environmental impact statement
and before preparing a final environmental impact statement the
agency shall:…Request comments from the public, affirmatively solicit-
ing comments from those persons or organizations who may be inter-
ested or affected” [40 CFR 1503.1(a)(4)].

These are not, however, the instances normally considered to repre-
sent the most difficult aspects of public participation, although prob-
lems associated with bringing the public into the EIA process will be
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examined later. Section 1506 of the regulations, devoted to “Other
Requirements,” provides an extensive set of requirements at 40 CFR
1506.6 entitled “Public Involvement” (Appendix D). In this section, it
is made clear that by use of the term public, the CEQ intends that all
publics be included. The introductory words say, for example “Agencies
shall: (a) Make diligent efforts to involve the public in preparing and
implementing their NEPA procedures. (b) Provide public notice or
NEPA-related hearings, public meetings, and the availability of envi-
ronmental documents so as to inform those persons and agencies who
may be interested or affected.” The intent is very clear.

The term public involvement in close to its present meaning was
apparently first used systematically within the U.S. Army Corps of
Engineers at some time in the late 1960s or early 1970s. By the mid-
1970s, the term was well established in water resources planning pro-
cedures. A pamphlet (Hanschy, 1976) was published outlining the
procedures recommended to be used, and formal training courses were
taught several times each year for Corps of Engineers planners. These
courses emphasized use of various group dynamics activities under the
guidance of a strong facilitator. The “players” in these groups were
assumed to be representatives of the various “publics” interested in
one or more aspects of a proposed water resources project.

It must be noted that the Corps, at this stage of the development of
NEPA, or prior to its passage, had no specific requirement to involve
the public. It chose to do so, however, as a means to its own ends. The
emphasis during these meetings was primarily that of gaining a con-
sensus which could then be used to represent the opinion(s) of the
group assembled at that time. These assembled opinions, pro and con,
were then taken into the planning process so that the widest practica-
ble range of public opinion might be shown to have been considered.
After receiving intense criticism from legislators, environmental advo-
cacy groups, and the public for not incorporating a wider range of con-
cepts and values into its water resources planning during the 1950s
and 1960s, the processes implemented were an attempt to answer the
critics. The Corps, in a sense, had “anticipated” the spirit of the forth-
coming NEPA regulations, although its usage was not strictly in the
NEPA context.

11.5 What Is a Public?

It was earlier asked what was really meant by the terms public and
participation. This is far more than a rhetorical question. Successful
implementation of the public participation aspects of any proposed
project or action demands a closer discrimination within commonly
used terms. When we read in the newspapers about public opinion,
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just what image do we create? What is the public? A more correct way
to phrase this might be to ask, Who are the publics? It is a fact of life
that the image of a large, cohesive, like-thinking public is obsolete, if,
in fact, it ever existed. In the management of every proposed action,
we must deal with many different publics, each with its own special
interests and peculiarities.

When we propose a new project or action which is significant enough
that an EIS (or even an EA) is required, we may automatically assume
that there are several significant publics who feel they may be affect-
ed by the outcome. Some, such as environmental activist groups, are
always, practically by definition, interested in the proposed action and
its outcome. Similarly, elected and appointed government officials at
every level form another public, one which must be handled with
extreme care. Property owners, outdoor recreationists, farmers and
ranchers, real estate developers, retirees, and officials of state and fed-
eral government agencies are other examples of publics which may be
involved in the action in one way or another. As you may see, some,
such as the Chamber of Commerce, are easily identifiable—with a list-
ing in the telephone directory—while others may have no formal orga-
nization and be hard to define and locate.

In the development of a contact list for conducting community activ-
ities in connection with Superfund activities (EPA, 1988, Chapter 3),
the EPA has prepared a set of recommendations which organize con-
tact activities by target group. The groups suggested for targeting are

State agency staff
Local agency staff and elected officials
Citizens’ groups organized because of the proposed action
Residents and individuals not affiliated with a group
Local business organizations
Local civic and neighborhood associations
Local chapters of public interest groups

The point is also made (EPA, 1988) that a variety of persons within the
designated category be included in discussions. The risk of being acci-
dentally (or intentionally) misled about the position(s) of the group as
a whole is much lower when many persons from several groups with-
in the identified category are included in the discussions.

Collectively these different publics may be in favor of, be opposed to, or
have no strong feeling about the technical consequences of the proposed
action. Personally, however, each of the groups potentially affected by the
action, no matter how obliquely, will believe that it deserves extensive
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information about the action, including the reasons behind it and the
economic justification used for implementing it—topics which probably
go far beyond the intent of NEPA disclosures. It is the feeling, on the part
of these persons, of being left out, or of the proponent agency “putting
something over on us,” that has led to the institutionalization of public
involvement. This feeling of alienation may be more important, in the
final evaluation, than the presence or absence of measurable effects.
Remember that the Corps of Engineers, as mentioned above, developed
and used public involvement procedures and processes many years
before the NEPA regulations required such actions. Their purpose at that
time was the building of a local consensus which could agree, at a mini-
mum, that nothing was being kept from them, and that they had had a
fair chance to have their ideas heard and incorporated into the decision-
making process. It is just this sort of benefit which may be derived from
sound public participation activities today.

11.6 What Is Participation?

If we may agree that there are many publics present in association
with each issue, what types of activities constitute participation? In
the early days of the NEPA regulations, and for some agencies until
the present, public notices of the availability of the draft EIS and the
holding of a public hearing on the matter [following exactly the form
given in 40 CFR 1503.1(a)(4)] constitute the sole participation activi-
ties. Frankly, for many agencies and in many regions, this minimal
notification appears to be adequate to meet statutory requirements.
For smaller, less controversial actions, the adequacy of these process-
es has not been severely tested. In such instances, it would appear that
the degree of secondary publicity associated with a proposed action
may serve the agency’s purpose in making all interested parties
knowledgeable about the process. An active, interested press and
active local officials frequently serve to substitute for possible inade-
quacies on the part of the proponents of the action.

It is clear that merely providing public notice is a minimalist level
of “participation.” It seems likely that belief that this is an adequate
procedure probably derives from reliance on the (now largely outmod-
ed) concept of “federal supremacy.” The normal procedure was, in
many agencies, one which could best be described as “Get it in place
quick, before they have a chance to collect the opposing forces.”
Requirements for even minimal public participation make this style of
project implementation very difficult, which was certainly one of the
purposes. No full-scale definition has ever been attempted, however, of
all activities which could be considered acceptable for public partici-
pation.
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11.7 Contemporary Experience in Public
Participation

The actions of government administrative and management agencies
frequently seem, to most citizens, remote decisions by a faceless
bureaucracy. To the extent that such decisions affect their lives and
environment, this isolation places citizens in a restrictive position.
Either they must approach environmental management agencies to
request assistance in dealing with a problem, or they may demand
solutions to a problem through the judicial process. In both cases, the
citizen is responding to an administrative decision which has already
been made.

Rather than only respond to decisions, there is a need to involve
more citizens in the decision-making process itself. This approach
increases citizens’ presence in the administrative agencies. It also
reduces the need for antagonistic and legalistic behavior by the citi-
zens (Sax, 1970; Stein-Hudson, 1988). Postdecision citizen protest and
legal battles are increasingly seen by government agencies as expen-
sive and time-consuming alternatives to involving citizen groups in
the planning process from the beginning (Ketcham, 1988).

Examples of participation

Since participation is, in itself, a generalized, all-encompassing term
which lacks specificity, it is probably best to define it in terms of exam-
ples. The actions specifically named within Section 1506.6 include
(direct) notice (presumably by mail), publication in local newspapers,
publication in newsletters, direct mailings, posting of notice on and off
the site of the proposed action, and the holding of hearings or public
meetings. While these avenues are explicit, the implicit charge is to
make use of any appropriate means of communication. The Notice of
Intent (NOI) (40 CFR 1508.22), announcing that a major action is
planned for which an EIS will be prepared, is an example of a required
announcement which is a part of the public involvement program for
a project or action. The Notice of Availability, published in the Federal
Register by the EPA following submission of the draft EIS, is another
form of required public involvement. Together, these two notices serve
to inform the public (1) that a major action is contemplated and (2)
that an environmental analysis has been prepared and is available for
review and comment. These two steps, which constitute minimum
implementation of public participation, may be all that is reasonable
to apply for some actions, especially smaller, relatively noncontrover-
sial ones. As noted above, these are the only conscious steps which
many agencies find necessary. If actions have the potential to be con-
troversial, then a much more complex public participation plan is rec-
ommended.
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Informing the public

Every major agency has a public affairs (or press) office, which should
be knowledgeable about spreading information at the local level.
Normally, the promulgation of project information will be left almost
entirely to the existing public affairs office. Your task may be limited
to providing information to the public affairs office. There is, however,
a trap in this approach. The conventional methods used by many less
activist and less innovative public information offices may not be suit-
ed to NEPA needs. How does the public affairs office operate? Is their
function limited to mailings of one- or two-page press releases? Do
they ever use follow-up contacts? Are their contacts limited to the busi-
ness community? Do they have sources and contacts within interest
groups? How do they deal with confrontational interest groups? Many
public affairs officers, to their credit, have been able to initiate two-
way communication with such groups. Many more have avoided the
issue, and may not even know who represents such organizations
locally. NEPA support may require education (or reeducation) of an
organization’s public affairs personnel. Do make use of their skills, but
don’t rely entirely on their existing knowledge.

The first step in informing the public is to identify who or what the
publics are (EPA, 1988). If, as suggested above, no up-to-date lists of
points of contact are known, then the construction of a relevant mail-
ing list is a priority action. In some cases, this may be as simple as
keeping a list of the names and addresses of persons calling, writing,
or visiting as a result of articles appearing in the local press. Since
these stories are likely, in many cases, to be oversimplified beyond
recognition, highly alarmist, inaccurate in the facts presented, or all
three, an important function of early contact and mailings may be to
(gently) correct the concept of exactly what is proposed to be done in
your action.

Some publics may be located in the local area through solicitation of
national or state-level parent organizations. While the local Audubon
Society may only rarely have a telephone directory listing, the
National Audubon Society will be more than pleased to provide a local
point of contact. Such similar national organizations as the Sierra
Club, Isaak Walton League, and others may be identified in the same
manner. Essentially all national interest groups, and most local
groups, have a web page with contact information. Many agencies may
believe that by locating potential opponents of the action, they are
“asking for trouble,” and avoid such efforts. The converse of this is
that, even if activist organizations oppose your preferred alternative,
they are gratified that you took the effort to locate them. It is this out-
reach which benefits the agency in the long run—even your opponents
are left feeling that you are being fair with them. This is one major val-
ue to good public participation.
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Once at least some publics are identified, the techniques of involve-
ment appropriate to each public may be selected. Where there is some
internal organization, as with a membership group, mailings to the
officers may suffice. It may be more effective to provide the officers
with flyers or newsletters for each member, and request that they be
passed out at a future meeting. It is also acceptable to request an
opportunity to speak at a meeting, if the meeting format of that orga-
nization is appropriate. The actual presentation may be required, by
your agency’s rules, to be made by the public affairs personnel. It is
then your task to prepare the presenter well. One caveat exists in
association with this approach. Do not avoid those groups anticipated
to be unfriendly, such as the Sierra Club, and stick to the “safe” orga-
nizations, such as the Chamber of Commerce. Since all such public
involvement activities will be listed (or summarized) in the draft EIS,
the appearance of favoritism could be used against your agency.

If there is really no extant organizational structure upon which to
build your plan, newspaper “advertising” has been used to build a list
of interested persons. Whether in the form of a press release, resulting
in a “news” article, or a (purchased) display advertisement, a summa-
ry of the proposed action and alternatives may be accompanied by a
request to call or write if the reader is interested in providing com-
ments or wants more information. One word of advice—the address or
phone number should be a local one wherever possible. Toll-free tele-
phone numbers may be established for this purpose as well, a practice
which is much less complicated to implement than in the past. Or, a
web site may be established.

More detailed participation programs may involve one or more mail-
ings, a series of public meetings which are preceded by press notices,
a series of meetings with governmental bodies and officials, telephone
surveys, liaison with major interest groups, and solicitation of ideas
and comments from within the agency itself. The dividing line between
“public relations” and public participation is often hazy, and may dis-
appear entirely. Broadly speaking, there are two purposes to public
participation. First, you must get across to the various publics a rea-
sonably clear picture of the action which you propose to take, and what
alternatives exist. Second, there is the explicit obligation in the regu-
lations to solicit the ideas held by the public on the effects and conse-
quences of the proposed action. One type of activity may be better
suited to the first purpose, another to the second.

11.8 Getting Input from the Public

Following identification of the publics, the next problem is retrieving
meaningful expression of public ideas and concerns. It is of little value
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to prepare a list of those groups and persons opposed to your preferred
action versus those in favor. We aren’t dealing with a popularity con-
test—or not only a popularity contest. The charge in the NEPA regu-
lations [40 CFR 1506.6(d)] to “Solicit appropriate information from the
public” suggests that other important purposes are served by this
reverse flow of information. The entire concept of scoping (40 CFR
1501.7) is that the focus of the EIS (or EA) should be on those (rele-
vant) issues which the public(s) deem to be significant. This concept is
in direct response to the “encyclopedic” approach to EIS preparation
which flourished briefly in the mid-1970s. In this older approach, any-
thing that might possibly be affected was examined and described. A
draft EIS and its appendices (under this approach) might be 5000 to
10,000 pages long, and require a shipping carton for each “copy”
mailed. The conduct of scoping is an extremely important and special-
ized form of public participation. It is treated separately in Chapter 4.

11.9 Commenting on the Draft ElS—A
Special Case of Public Participation

Commenting on the draft (or final) EIS is another specialized form of
public participation. It is mandated in several places in the NEPA reg-
ulations (Sections 1502.19, 1506.6), but is the subject of a separate sec-
tion in itself (1503). Here, among others, the specific injunction is seen
[1503.1(a)(4)] to “Request comments from the public, affirmatively
soliciting comments from those persons or organizations who may be
interested or affected.” We note that the term interested is shown as
more important than, or at least equal in importance to, affected. The
meaning of this wording is clear. The technical (i.e., the agency’s) opin-
ion as to who is affected is not a determining factor in soliciting com-
ment. Everyone who believes him- or herself to be affected, as well as
those who are merely interested, are to be solicited. Some writers have
gone so far as to suggest that the scoping process may be the most
important aspect of public participation, in that it may serve to shape
the final action itself (Ketcham, 1988; O’Brien, 1988).

If only a handful of comments are received, it may not be necessary to
establish a formal scheme for classification. In most cases, however, the
comments received following distribution of a draft EIS will be numer-
ous enough that development of a systematic classification structure is
recommended. For example, responses may commonly be grouped into
at least three sets: (1) those which express support or opposition, with
little or no explanation of the reasons for the position, (2) those which
ask for more information, or raise questions about the completeness and
accuracy of supporting data included within the draft EIS, and (3) those
which propose different alternatives, or modifications and combinations
of those alternatives already included. The responses in area 2 may fur-
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ther be subdivided as to the focus of the question (i.e., which aspect of
the environment is flagged?). Social consequences, employment,
wildlife, health effects, public safety, noise, drinking (or irrigation)
water availability, and similar headings are among those regularly aris-
ing following public examination of the proposed action. In very many of
these cases, the issue will have been anticipated—or flagged as impor-
tant during the scoping process—and will have been examined in the
document to some degree. Case Study 1 presents an approach to the
analysis of thousands of responses.

11.10 Case Study 1

EPA and the Corps of Engineers propose to
redefine navigable waters

Following passage of the Clean Water Act of 1974, the U.S. Army
Corps of Engineers was required, in Section 404 of the act, to develop
a significantly broader definition of the term navigable waters. The
background was this: Section 404 of the act severely regulates the con-
ditions under which fill may be placed in designated wetlands. The
Corps was given jurisdiction for administration of the fill permits
when they were “…in association with navigable waters.…” (The EPA
was given jurisdiction over other wetlands within Section 404. There
have been several changes in jurisdiction since 1974.)

In May 1974, the Corps published a Notice of Intent to define navi-
gable waters in such a manner that headwaters of streams which were
navigable in fact were redefined as navigable. The definition of “navi-
gable in fact” was also proposed to be expanded to specifically include
recreational watercraft, including canoes, craft which were specifical-
ly excluded under earlier definitions. This would have had the effect of
expanding, possibly by as much as 10 times, the streamside acreage
considered to be a “wetland” and falling under the Corps’ jurisdiction.
(The 1991–1992 controversy about wetlands definitions had similar
overtones, but was based on somewhat different criteria.) An extreme-
ly speculative story, which was widely disseminated by the national
news services, stated that “The Corps wanted jurisdiction over all
farm ponds.…” This view of the proposed action was widely reprinted
in local newspapers nationwide, and in bulletins and newsletters spon-
sored by farmers’ organizations. As a result, the Chief of Engineers
was asked to hold daily news conferences and provide almost daily
briefings to several congressional committees. More than 6000 letters
were received within a month, almost all expressing outrage at the
“proposal.” Many were transmitted from members of Congress and the
White House, where they had originally been directed.
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How does one assimilate the concepts expressed in thousands of let-
ters? Clearly, the first task is to group, or organize, the ideas in some
manner. Following planning meetings and review of the first several
hundred letters, it was decided to create a “tally sheet” which attempt-
ed to identify the following characteristics of each letter:

State of origin: City or town; size of community if determinable.

Group membership: Farmer vs. nonfarmer; member or officer of
identifiable public organization; if an organization member, are the
ideas expressed personal feelings or the result of a formal resolution
or petition.

Nature of comment: Exactly which aspects of the proposal did the
commentor find unpalatable? Economic freedom? Government inter-
ference? Antibusiness character of the action (as understood by the
writer)?

Level of understanding evidenced: Did the writer show that the
actual proposal had been examined? A summary of the proposal? A
news story about the proposal? A news story or newsletter article
based on the misconceptions spread about the proposed action?

Through use of this tally sheet, several “letter readers” were able to
rapidly examine each item of correspondence, fill out the tally form to
show the above characteristics, and contribute the form to the statis-
tical summary desk. First two, then four, and finally six persons were
assigned to examining the flood of mail. Daily and cumulative sum-
maries were prepared which provided to the Chief of Engineers and,
thus, to the Congress, information on just who was commenting and
what their ideas were.

More difficult to assimilate are those comments, stated to be in
response to the draft EIS, which raise issues about environmental
(and other) effects which are definitely, at least in the opinion of your
agency’s professional staff, not expected to occur. Who is correct?
Again, this is an area in which it is prudent to be open-minded. Admit
that outside ideas may be worth examination after all. It is best to
attempt to provide a niche in which these “unqualified” commentors
may be addressed. An added discussion that explains why these issues
were rejected, and may serve to show that they really were evaluated
in the first place—or even after the fact—will serve to accommodate
these commentors. It is the dismissal of the idea without explanation
or consideration which leads to feelings of mistrust and rejection on
the part of the publics. Frankly, it may be more important to reject an
idea thoughtfully and gracefully than to attempt to find a way to
accept it.
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Still more perplexing is the situation where the responses are not to
the action which is actually proposed. How, you ask, could this even
happen? In fact, it is not uncommon at all to encounter this in the case
of controversial actions. The opponents of the action conduct their own
public involvement campaign, describing the action in their own (usu-
ally alarmist) terms. National organizations may even publish their
version of a summary of the draft EIS in their newsletter or magazine.
If they then give your address for responses and angry letters, you may
accumulate scores—or even thousands—of responses which address
this flawed definition of the proposed action. How should one respond
to this type of letter? There is a tendency to ignore them. If you receive
only one or two such responses, then we suggest the proper response
may be to note their contents and state that the issue(s) addressed are
not relevant to the action. When they make up a large proportion of
the comments, however, such dismissal is not prudent, and could even
provide the basis for a legal challenge, perhaps on the grounds that X
percent of the comments received were ignored. The next case study
example discusses what can happen when there is substantial misin-
formation promulgated in association with a proposed action, and how
the resulting dilemma was approached.

11.11 Case Study Example 2

Public response to the biological defense
research program EIS

In 1987, the Secretary of Defense was sued on the grounds that the
ongoing research programs designed to develop detectors for biological
weapons and provide better diagnosis and treatment for personnel
infected with diseases with potential for use as biological weapons had
never been examined programmatically under NEPA. It was agreed
between plaintiff and the Department of Defense (DOD) that these
research programs, administered for DOD by the Army, would be the
subject of a programmatic EIS. It was the contention of many activist
groups that biological weapons were actually being developed and test-
ed within this research program. Further, many of these groups
alleged that these weapons were being tested outdoors, in proximity to
civilian populations, and presented incredibly high risks to the sur-
rounding citizens. These latter allegations received wide publicity, and
a majority of the responses received following review of the draft EIS
requested cessation of weapons development and outdoor tests of dis-
ease-producing organisms. Many respondents then proceeded to build
arguments showing why and how the development of these weapons
was unnecessary, in violation of international treaties, and otherwise
highly questionable.
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Since none of these actions was, in fact, ongoing or proposed, a rea-
soned response was extremely difficult. The respondents were so con-
vinced that there was a hidden agenda that simple denial was
believed to be counterproductive. In the responses to questions and
allegations of this nature, a classification of types of question was
prepared exactly similar to those for other issues. The (mistaken)
contentions were approached as though they were credible, since, to
the writer, they were. The issue is, again, one of fostering the per-
ception of respect for an unpopular idea. It would have been an error
in public relations to simply designate questions 196 through 315 (for
example) as being “Based on misconceptions, therefore not answer-
able.” The purpose of this exercise became the education of those
with misconceptions, not confrontation with them. Certainly, in
preparing the responses, feel free to state your position frequently
(i.e., that the action(s) in contention were not proposed and are not
part of the agency’s action plan), but also state why these alleged
actions are not needed or will not be done. Responses to this set of
questions became much more complex than response to “real” (i.e.,
scientific) issues. In fact, this draft EIS received very few comments
on those biological or medical issues which were based on calcula-
tions or studies included in the EIS (U.S. Army, 1989).

11.12 Application of Public Input

As strange as it may seem, we use input from the public to modify our
plans and programs—not necessarily drastically, but observably. This
is clearly the intent of the NEPA regulations, and is taken as gospel by
the public interest organizations. At a minimum, and this minimum is
specified in the act, the comments must be taken into consideration.
Moreover, they should be taken visibly into consideration if a project
with any degree of controversy is to succeed. What do we mean by “vis-
ibly”? Just that the commentor must recognize that some change in
the description of the action or of the alternatives, or the incorporation
of a new alternative, or the examination of environmental effects, or
all of these, follows logically and directly from comments made by the
commentor (O’Brien, 1988). Note that this does not mean that the pro-
ject must be drastically altered, or that the agency’s original purpose
must be forgone—although this may happen—but just that each
responsible commentor feels that his or her comment should result in
some modification of the document. This is not unreasonable.

No one agency has a corner on technical expertise, or on profession-
alism. It is a mistake for anyone to acquire a strong ego commitment
to the exact wording in a draft EIS and therefore be unwilling to mod-
ify it in any way. It was just this recalcitrance to accept ideas from
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sources other than within the agency which resulted in the promulga-
tion of the NEPA public participation requirements in the first place.

“Not invented here” is not an acceptable reason for an agency to dis-
parage any concept presented to it by the public. Now, these publics
may be strongly prejudiced and word their ideas in highly florid ter-
minology, thus alienating professional scientists within the agency (or
its supporting contractors). They regularly bring up wild ideas which
are (from the agency point of view) totally unassociated with the “real”
action. The assessment specialist’s responsibility is to “mine” these
responses to identify underlying concepts which may represent
responsible variations of scientific opinion.

11.13 Participation in Developing
Regulations

We must remember that all major federal agencies have prepared
their own NEPA regulations, which may expand greatly on the gener-
al wording in 40 CFR 1500-1508. Examination of the wording of 40
CFR 1506.6(a) finds the term “diligent efforts” used in describing
required activities “…to involve the public in preparing and imple-
menting (their) NEPA procedures” (i.e., preparing agency NEPA regu-
lations). This injunction is separate from the requirements in
1506.6(b–f), which provide, among others, for “…public notice of
NEPA-related hearings, public meetings, and the availability of envi-
ronmental documents.…” The CEQ clearly wished to be able to assure
the public that the NEPA regulations, at least, of federal agencies were
an open book. To a large degree, this has succeeded. All of the largest
agencies have complied, though some have shown little imagination—
their “regulation” amounting to little more than a cover letter attached
to the CEQ NEPA regulations.

11.14 An Effective Public Participation
Program

Effective public participation is characterized by the community act-
ing with full information, equal access to decision-making institutions,
and implementing its jointly articulated objectives. Based on this def-
inition, several important objectives should be achieved to attain effec-
tive public participation.

First, there must be as much information as possible made avail-
able to the public. There often is considerable misinformation about
the nature of most proposed projects, even when they do not involve
withholding of information. This lack of communication precludes
effective citizen participation in many cases.
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An agency often allows its image as a public-spirited service institu-
tion to be maligned because organizations and individuals construe
the agency’s failure to provide adequate information as cavalier or
inconsiderate. If instead an active program of public information and
public participation were undertaken, not only would there be more
useful public input, and therefore a better project, but there would
probably be less criticism of the agency.

Second, community members, general public as well as officehold-
ers, must have access to the decision process. Allowing or encouraging
community involvement in problem identification and discussion,
without influence on the ultimate decision, is not an answer to the
problem—rather, it becomes a charade.

Third, for community participation to be effective, the input provided
by citizenry should result in a course of action consistent with their
desires and with the needs of their fellow community members. The
agency must have the power to act on behalf of the citizens, and the deci-
sion must reflect the joint objectives of the agency and the community.

In the simplest form, the elements of an effective participation sys-
tem are

1. Information exchange

2. Access to decision making

3. Implementation powers

Various types of communication exchange provide for the elements
of an effective program. For a communication technique to function as
a public participation tool, it must allow for citizens to become
involved in decision making. This definition means that techniques
that allow only one-way communication, such as newspaper articles,
are not very useful. Newspaper articles may, however, be one prereq-
uisite communication step in a public participation program that
includes other forms of interaction with a well-informed public. A wide
range of techniques contain some or all of the characteristics necessary
for a public participation program.

Figure 11.1 presents a list of selected techniques for public participa-
tion and communication. This list may be used as an aid in determining
which techniques are best suited to particular planning programs. It
must be recognized that a comprehensive and operational community
participation program would be composed of a variety of these commu-
nication techniques. A comprehensive handbook designed for Superfund
community relations by the EPA discusses the relative effectiveness of
different techniques in different situations (EPA, 1988).

Recommendations are made in Fig. 11.1 for the best application of
21 common public participation techniques, and are of four types: (1)
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the effectiveness of a communication technique for different goals, (2)
the size of the group with which the technique is best applied, (3) the
sectors of the public to which a technique may be targeted, and (4)
those objectives which may be accomplished through use of the partic-
ipation technique. This figure is loosely based on a table from Isard
(1972), as modified and presented in Jain et al. (1981). In general, the
techniques which are the most effective are also the most time-con-
suming and difficult for the proponent agency. Note also that the “tra-
ditional” public hearing is seen to be of low overall value in achieving
most goals, but is relatively easy to implement. Few procedures are
presented as being of high value for more than one or two purposes;
some serve only a single purpose at best, and may be of only fair val-
ue for that one! If one is selecting a possible procedure to use, it is also
useful to note those areas where the process has little or no value, and
avoid attempting to use it for the wrong purpose. While not directly
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Explanation of terms used in Fig. 11.1

Characteristics refers to various aspects of the application of the technique as described
under each of the columns.

Effective Public Contact describes the level of interaction with affected publics.
Impacts Decision Makers indicates the degree to which the technique is likely to affect rel-

evant officials.
Attendee Sophistication refers to the level of education and experience needed for effective

understanding.
Time and Effort Required gives the relative difficulty for the agency personnel to carry out

this technique.
Useful to Receive Inputs notes whether or not the technique is useful to receive public

inputs on the issue.
Flexibility to New Issues shows the ease with which the technique may alter direction to

reflect changes in content.
Target Publics refers to the type of group which the agency may wish to target through

use of the technique.
Decision Makers are the appropriate elected and appointed officials as well as business

leaders and NGO officials.
General Public is representative of those members of the public not identified with any spe-

cial interest group.
Mass Media refers to reporters and editors in the traditional press and broadcast media.
Interest Groups is a term used here to identify all permanent and temporary groups formed

to relate to the issue.
Regulatory Agencies range from the EPA to state and regional agencies charged with enforc-

ing applicable rules.
Objectives includes many of the likely reasons why an agency may wish to use a particu-

lar participation technique.
Educate and Inform is the basic dissemination of relevant project information about alter-

natives and effects.
Identify Issues and Problems suggests that more detailed elements will be addressed, and

known issues discussed.
Solicit Original Ideas represents the basic receptivity to receiving constructive suggestions

and new alternatives.
Respond to Agency Proposals refers to presentation of revised concepts and data following

changes in the project.
Resolve Conflicts identifies applicability to resolution of ongoing areas of difference and dis-

agreement.
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observable in Fig. 11.1, some techniques work well with small groups
and fail when used with larger audiences.

In a further examination of Fig. 11.1, several generalizations may be
made. One of these is that many of the traditional “public affairs”
processes are considered relatively ineffective for most purposes. Since
the mid-1980s, many factors have altered the traditional relationships
between government agencies and the public. Where, once, an agency
simply announced that it planned to do some action and publicized
that proposal, now it is likely to be accompanied by a great deal of
“public support” activity. While the NEPA developments associated
with formal public participation requirements may have formed some
of this expectation, much of the desire to achieve public acceptance
appears to go beyond the regulatory requirement.

As noted above, the Corps of Engineers, in the mid-1960s, developed
a program of public involvement to achieve acceptance (especially) of
localized urban projects. This was many years before the process
became associated with NEPA, or the several other programs, such as
RCRA and CERCLA, which now contain community involvement
requirements. Why was the Corps impelled to create such a program,
anyway? There was no specific requirement to do so, but it was seen
as a way to obtain a more general “level of satisfaction” on the part of
the affected citizens. This leads, further, to the statement of the ulti-
mate purpose of all public involvement activities, namely, that all par-
ties feel their position has been heard and understood. This “feeling”
may be the most important possible outcome of the entire process. It is
essentially an interpersonal reaction between a citizen and a repre-
sentative of the proponent agency. The importance of developing this
level of understanding cannot be overstated. This does not mean that
the parties will always agree with the outcome. In many cases agree-
ment with the decision may be impossible, and is not necessarily the
major goal. A consensus does not have to be reached on the outcome,
just on the fairness of the process.

It is worth noting that this is one of the important ways in which U.S.
practice within NEPA differs significantly from the otherwise similar
environmental assessment processes found in Western Europe. In most
countries in Europe, it is required that all parties agree before the envi-
ronmental documentation is approved. Under NEPA, all that is statuto-
rily required is that the consequences be made public (as well as made
known to the decision maker). So long as relevant regulatory compliance
is present, it is legal for an agency to proceed with a decision even
though many of the affected parties disagree with the final decision.
This said, fewer and fewer actions are being taken where significant
contrary opinion and opposition exists following comments on the final
EIS. Agencies are usually still sensitive to opinion, especially as
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expressed in the press and through pressure on Congress, and may well
be reluctant to execute an unpopular action even when it is otherwise
legal to do so. In many cases, this may be through fear of losing appro-
priations for this or future programs.

11.15 Benefits from an Effective Public
Participation Program

The catalog of reasons why decision making should not be made in a
public forum but should reside in a central locus is extensive.
Centralized decision making leads to more rapid, cost-effective, deci-
sive decisions, permitting effective and efficient leadership. Most
bureaucracies, including the military, are built on this decision-mak-
ing mode. Congress seems to act on issues lethargically, appearing to
be inefficient and ineffective in comparison with the executive branch.
However, this slow action has benefits: It provides an opportunity for
diverse views to be accommodated. This perspective on the value of
public participation suggests that decisions made on behalf of the pub-
lic by centralized agencies can be substantially enhanced by providing
channels for public input.

There is a greater likelihood that more viable or innovative alterna-
tives to a project will be identified by opening up the process to the pub-
lic. Community members are well aware of their own resources,
limitations (most often), and problems. The diverse perspectives of the
community’s citizens provide input that could otherwise be obtained
only through extensive fieldwork by the agency sponsoring the project.
There is, further, the possibility that there might be a closer integration
of planning and development with existing area planning efforts in
which major input has already been made by the public. A community
may be expected to react unfavorably when previous input to other
pertinent plans is summarily disregarded by agency planners and
decision makers.

One executive branch agency, the U.S. Forest Service (Ketcham,
1988), worded its reasons for belief in the effectiveness of public par-
ticipation, especially in the scoping process, because it

builds agency credibility and public support
provides an excellent opportunity for dispute resolution, even before doc-
uments are prepared and decisions made
substantially reduces the number of subsequent appeals and law suits.

If the proponent of a major action feels that these are among the ben-
efits of the process, then there seem to be few reasons to oppose its full
implementation.
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Active public participation may also ensure that the final product,
which the community has helped to develop, will be successfully imple-
mented. Implementation is much more likely where the community
has taken an active concern in planning problems and has played an
important role in generating and evaluating alternative solutions. An
important spinoff from a positive program of public involvement is a
positive public attitude not only toward the proposed project, but
toward the agency as well.

11.16 Response to Public Participation
Format Variations

The different methods of effecting various public participation activi-
ties are discussed in Section 11.14. It was noted that the public hear-
ing is not very useful in conveying information to the public, although
the fact that it is a “traditional” format makes it “comfortable” for the
agency holding the hearing. This familiarity works in several ways,
however. Just as the agency and its personnel know the processes and
procedures, and little internal education or planning is needed, so is it
familiar and comfortable to “professional objectors” who oppose the
action. This may have some unintended results.

Consider the typical hearing. The presiding officer calls for a descrip-
tion of the proposal, including its alternatives, from a staff officer. The
proponent then describes the benefits which he or she believes will
accrue, and may also discuss how the known adverse effects are pro-
posed to be managed. Some statements of support are made by persons
and groups who favor the proposal. Then it is the turn for the opponents.
Their statements of opposition and the reasons why they believe the
action should not take place may be lengthy and noisy, and often take
the form of a pep rally. In fact, this “rallying of the troops” aspect of a
typical hearing, no matter how carefully the hearing is managed by the
agency holding it, is often a high point in the week for the opposing
forces.

What happens if the hearing is dropped in favor of one or more of the
other techniques? We can say from experience that this departure
from the “norm” is often viewed with dismay by the opponents. Their
podium has been denied them, and the pep rally element so often a
part of public hearings disappears. The organized opposition feels that
their chance to generate support for their position has been unfairly
taken away. In the authors’ experience, this degree of resentment may
be severe where the opposition groups have been planning on a major
confrontation and find it “defused.” They may go so far as to hold an
alternative meeting at the same time (or at another time) where they
may bring their message to their supporters.
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The issue here appears to be one of mistaking the purpose of hold-
ing a public meeting. In NEPA terms, the purpose is clearly to provide
information to the public, and to solicit inputs from them. As one may
see from Fig. 11.1, we believe the “hearing” format to be relatively use-
less in soliciting input and in resolving apparent (or real) conflict. The
less formal public meeting is somewhat better in meeting both objec-
tives, and the open meeting is superior to both in many respects.
Remember, however, that it may take weeks to create a good “open
meeting” product, with many display tables and several teams of pro-
fessionals to answer subject-specific inquiries, and require 100 to 200
hours of personnel time to execute each iteration. It is thus much more
costly than the traditional “send three people and a note-taker to the
high school for 2 hours” approach. A good planner will start early in
the process to convince decision makers within the agency that the
additional effort is worthwhile.

In defense of the more formal hearing, it may be noted that the cre-
ation of a transcript, usually similar to that prepared by a court
reporter, may later provide needed confirmation that certain actions
were taken or that a particular item of information was provided to
those attending. For both proponents and opponents, the existence of
a record of this testimony may be desirable for reference in later stages
of the EIS processes, including its use in court.

11.17 Public Participation and the Internet
Revolution

In the second half of the 1990s, the rise of Internet capability and the
proliferation of web sites devoted to different purposes has brought
sweeping change to many aspects of public participation and commu-
nity involvement. There cannot be a significant project proposed by
any agency in any western country (and many in the third world)
which has not produced one or more web sites devoted to providing
information about the project. This may be promotional information
from the proponent or derogatory information from opposition per-
sons or groups. The problems involved in providing more accurate
information about a proposed action are both lessened by the ease of
creation of an agency web site for this purpose, and increased by the
dissemination of disinformation or negative commentary from oppos-
ing groups.

The whole practice of public involvement has been changed by this
form of almost instantaneous information dissemination. In the twen-
ty-first century, an agency is likely to receive comments on its draft
EIS not only from the community, but from persons and groups in
dozens of other states, and even from other countries. In almost every
case, this level of nationwide or worldwide awareness has been made
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possible through the Internet and the World Wide Web. Is this good or
bad? In one sense, the goal, required by regulation, of making the pub-
lic aware of the consequences of a proposed action, and of providing an
opportunity for them to provide input, is furthered by this develop-
ment. In another sense, it has engendered a sort of competitive set-
ting, in which groups, including the proponent agency, compete to
provide more and more information and more and more replies to
issues which arise. One clear outcome has been the need for the pro-
ponent to be ready to respond to quite sophisticated replies and
queries, which may have been prepared by nationally known scientists
brought into the controversy through e-mail solicitation and web post-
ings. Some of these persons and groups appear to be “specializing” in
opposing certain types of proposals based on their acknowledged area
of expertise. It may be very difficult, indeed, to refute the calculations
(or allegations) of a well-known scientist or former official who is pro-
viding an expert opinion.

11.18 Internet Capability to Support Public
Participation

At one time, the concept of public involvement and public participation
was not very well known. A large part of the effort of the environmen-
tal professional was often devoted to educating the publics and the
agency on the requirements and responsibilities. To a great degree,
both of these objectives may be said to have been well met. During the
1990s, especially, there was hardly a major action in which massive
attention to the publics and their points of view was not one of the
original planned activities. How has this come to pass? There are sev-
eral contributing factors, and, again, the World Wide Web and Internet
availability have played a major role.

A cursory search of the Web in early 2001 found that there were at
least 11 major web sites devoted to dissemination of information about
public involvement, and at least 42,000 web pages which related either
to the process itself or to a specific action where public involvement
was playing a role. When the search was shifted to “public participa-
tion,” eight major sites and more than 75,000 web pages were found.
It is worth noting that these sites included many major U.S. govern-
ment agencies, where the information was focused on telling users
what the public involvement responsibilities of the agency are and how
to participate. Guidance of many types was also available for use by
the agency on how to establish a public participation program. Of
course, most of those tens of thousands of web pages relate to a specif-
ic action or proposal. These were by no means restricted to the United
States, or even to North America. Tens of thousands of these pages
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related to actions and issues in Europe, Asia, South America, and
Africa. Virtually every country which has an environmental assess-
ment regulation of any type also must treat the challenge of public
involvement in the decision-making process. In many of these
instances, it is apparently not an element of law or regulation, but
rather a self-generating process, where affected publics, often with
support of an international nongovernmental organization (NGO), cre-
ate an atmosphere of wishing to be heard. We note that, in many cas-
es, negative focus is often taken on major development projects
financed by the World Bank. In turn, this may have resulted in more
assessment of proposals by the Bank and greater attempts to resolve
localized social and economic issues which are associated with the
massive projects. In this sense, the negative publicity may have been
effectively applied from the point of view of the opponents and NGOs
involved.

11.19 Discussion and Study Questions

1 Examine the many and varied terms used within the concept of public par-
ticipation. What are the differences among participation, involvement, infor-
mation, coordination, and input? What are the similarities? Why do you think
the CEQ regulations use the term involvement for most instances where such
actions are required?

2 In case study example 2 above, discuss what your response would have
been to the flood of public comments which raised issues derived from actions
not proposed to be taken, and which were outside NEPA. What would your
agency have done?

3 Using your community as an example, how many “publics” are you able to
identify? Define them and say how you have grouped persons and organiza-
tions into categories. Exchange these lists with a study partner, and discuss
the way(s) in which the two treatments differ.

4 Taking the list of groups developed in question 3 above, propose two sub-
stantially different major actions in or near the community, making them dif-
ferent in character. Examples might be airport development, a water supply
reservoir, urban redevelopment, an interstate highway connector, and a major
manufacturing complex which required public financing. How might the defi-
nition of the various groups previously prepared differ between two different
proposed projects?

5 Taking the same two projects defined for question 4 above, try to assign the
different sets of publics into those who are likely to favor, oppose, or be neu-
tral about the project. Discuss what this means about the definition of and
accessing the opinions of “the public.”
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6 From the point of view of the agency, summarize what is gained and what
is lost when there is an extensive public participation program in association
with a proposal as opposed to a minimal program. In your opinion, are the ben-
efits always worth the cost? Usually worth the cost? Seldom worth it?

11.20 Further Readings

Brown, Jennifer, ed. Environmental Threats: Perception, Analysis, and Management.
London; New York: Belhaven Press, 1989.

Coenen, Frans, Dave Huitema, and Laurence O’Toole, Jr., eds. Participation and the
Quality of Environmental Decision Making. Boston: Kluwer Academic, 1998.

Goldenberg, Sheldon, and J. S. Frideres. “Measuring the Effects of Public Participation
Programs.” Environmental Impact Assessment Review, 6:273–281, 1986.
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Energy and Environmental
Assessment

Critics of the environmental protection movement frequently blame
“environmentalists,” at least in part, for the energy crisis. While many
of these claims are unfounded, it should be recognized that many
interrelationships indeed exist. The production and consumption of
energy both inevitably result in environmental consequences, and
environmental protection measures also have effects on energy pro-
duction and use patterns. For example, the shift away from coal fol-
lowing the 1970 Clean Air Act Amendments and what is effectively a
moratorium on nuclear power plant construction have both resulted in
increased oil and gas demand. Other examples originally cited includ-
ed decreased gasoline mileage due to emission control requirements
for new automobiles and delays in Alaskan pipeline construction and
offshore drilling efforts.

U.S. energy problems reached crisis proportion with the OPEC oil
boycott in October 1973, although many other factors contributed to
the dilemma. This situation brought about an almost overnight recog-
nition by the overall American public that energy sources are indeed
finite and valuable. Furthermore, the situation pointed out that many
of these resources are in short supply, and that significant progress is
essential in areas of conservation and development of domestic sup-
plies in order to meet projected demand requirements. Questions
about the energy-environment relationship continue to be raised, and
energy consideration in environmental assessment takes on an impor-
tant role. Energy demands again came to the forefront in 2001.

Although the term energy is not specifically used, an easily inferred
basis for the inclusion of energy considerations in environmental
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assessment may be found in several sections of Title 1 of the National
Environmental Policy Act (NEPA). Recognizing that energy and fuels
constitute a resource, perhaps the most obvious reference is made in
Section 102(2)(C), where it is required that a detailed statement be
made for federal actions on “…any irreversible and irretrievable com-
mitments of resources which would be involved in the proposed action
should it be implemented.” Indirect implications are also included in
Section 101(b)(6), where it is stated that the federal government has
the continuing responsibility to “…enhance the quality of renewable
resources and approach the maximum attainable recycling of depletable
resources.”

These sections thus suggest at least four areas where energy con-
siderations become a part of environmental impact analysis. These
areas are (1) commitments of energy as a resource, (2) environmental
effects of fuel resource development, (3) energy costs of pollution con-
trol, and (4) energy aspects of materials recycling. The following sec-
tions examine these areas through relating energy considerations to
the analysis of environmental impact.

12.1 Energy as a Resource

Energy resources include all basic fuel supplies that are utilized for
heating, electrical production, transportation, and other forms of energy
requirements. These resources may take the form of fossil fuels (oil,
coal, gas, etc.), radioactive materials used in nuclear power plants, or
miscellaneous fuels, such as wood, industrial wastes, municipal solid
waste, or other combustible materials. Solar, hydroelectric, and wind
resources or other energy sources currently in a developmental state
may be important in particular projects.

When a proposed project consumes energy (and this is almost
inevitable), this consumption should be considered as a primary or direct
impact on resource consumption. Actions requiring consumption of 
energy can be categorized into (1) residential, (2) commercial, (3) indus-
trial, and (4) transportation activities.

Residential activities include space heating, water heating, cooking,
clothes drying, refrigeration, and air conditioning associated with the
operation of housing facilities. Also included is the operation of energy-
intensive appliances such as hair dryers, power tools, and the like.
Most of these are not used for long periods of time, and so are less
important, overall, than the first-level functions above.

Commercial activities include space heating, water heating, cooking,
grain drying, refrigeration, air conditioning, feedstock heating, and
other energy-consuming aspects of facility operation. Facilities that

310 Chapter Twelve

Energy and Environmental Assessment

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



consume particularly significant amounts of energy include bakeries,
laundries, and hospital services.

Industrial activities which inherently require large amounts of fuel
resources include power plants, boiler and heating plants, and cold
storage and air conditioning plants. Other industrial operations that
require process steam, electric dryers, electrolytic processes, direct
heat, or feedstock may have a heavy impact upon fuel resources.

Transportation activities involving the movement of equipment,
materials, or persons require the consumption of fuel resources. The
modes of transportation include aircraft, railroad, automobile, bus,
truck, pipeline, and watercraft.

The most important variables to be considered in determining
impacts on fuel resources are the rate of fuel consumption for the par-
ticular activity being considered and the useful energy output derived
from the fuel being consumed. Various units may be utilized in
describing consumption rates: Miles per gallon, cubic feet per minute,
and tons per day are commonly used in describing the consumption of
gasoline, natural gas, and coal, respectively. Similarly, the energy out-
put of various fuel- and energy-consuming equipment and facilities
may be described in many different units. Horsepower, kilowatthours,
and tons of cooling are a few examples.

A common unit of heat, the British thermal unit, or Btu, may be
applied to most cases involving fuel or energy consumption. A Btu is
the quantity of heat required to raise the temperature of 1 pound of
water 1 Fahrenheit degree. In the evaluation of transportation sys-
tems, for example, alternatives may be compared on a Btu per pas-
senger-mile or a Btu per ton-mile basis.

Other variables of concern include the availability (short and long
term) of fuel alternatives, cost factors involved, and transportation dis-
tribution and storage system features required for each alternative.

Data on the consumption of fuel resources may be applied to almost
any environmental impact analysis, but the depth and degree to which
such data are required depend upon the nature of the project under
consideration. For an analysis of existing facilities or operations, suf-
ficient information should be available from existing records and ref-
erence sources. Where alternative fuels or transportation systems are
under consideration, additional background information may be nec-
essary to evaluate not only efficiencies, but also cost-effectiveness and
long-term reliability.

Because of the complexities in the nature of the variables discussed
above, most are measured by engineers or energy economists,
although the results may be applied by most individuals with technical
training.
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Once the heat contents of fuels are known, comparisons may be made
on the basis of the heat content of each required to achieve a given per-
formance. An energy ratio can be established as the tool for comparison,
defined as the number of Btu’s of one fuel equivalent to one Btu of
another fuel supplying the same amount of useful heat.

ER �

where ER � energy ratio

Determination of energy ratios requires careful testing in laboratory
or field comparisons, but yields usually reliable results when conducted
under impartial and competently supervised conditions. These ratios
have been determined in various tests and are summarized in such
publications as the Gas Engineer’s Handbook.

The consumption of fuels for a particular use may be determined
from procurement and operational records. Measurements may be
made using conventional meters, gauges, and other devices.

The fuel resource data can be used in an environmental impact analy-
sis for the benefit of planners and decision makers for either (1) evaluat-
ing the alternatives where either fuel consumption or fuel-consuming
equipment or facilities are involved or (2) determining baseline fuel and
energy consumption. This analysis includes the evaluation of irreversible
and irretrievable commitments of resources resulting from the action,
the short-term/long-term trade-offs, and the identification of areas for
potential conservation and mitigation of unnecessary waste. The analy-
sis would include evaluation of efficiency, availability, cost of fuel and
support facilities (transportation, distribution, storage, etc.), and pro-
jected changes in these values that might occur in the future.

Conversion of fossil and nuclear fuels into usable energy can lead to
both direct and secondary effects on the biophysical and socioeconomic
environment. Some of the effects that may occur are listed in Table 12.1.
These impacts would also be considered in the analysis.

If a project results in significant additional demands for waste of
fuels already in short supply, public controversy may be expected to
follow. Natural gas supplies, presently limited or unavailable in some
areas, should be considered with special emphasis. Electric consump-
tion, in most cases, bears directly upon fuel resources, the effects of
which should be included in the analysis.

Concern for fuel resources typically peaks during summer (when air
conditioning loads are high) and winter (when demand for heating
fuels, especially fuel oil, is high). Thus, projects in northern climates
would be expected to have the greatest concern for heating fuels, while
in the south, the emphasis would be on projects with heavy cooling

amount of fuel No.1 used � heat content of fuel No.1
�������
amount of fuel No. 2 used � heat content of fuel No. 2
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requirements in the summer, although exceptions to this may occur due
to localized demands or geographical or climatic effects (e.g., el niño and
la niña cycles). Proximity to natural supplies also plays an important
role in fuel selection, since transportation may affect the availability
and economic desirability of certain fuels.

Mitigation of impacts directly and indirectly attributable to energy
and fuel resources falls into two categories. The first pertains to miti-
gation by alternate fuel selection and is based on a number of complex
variables—availability, cost, environmental effects, and pollution con-
trol requirements, to name a few. Other factors to be considered in the
selection are the short-term/long-term effects of a particular choice,
and the irreversible and irretrievable commitment of resources associ-
ated with the selection. The second category of mitigation is associated
with the conservation of energy, regardless of the type or types of fuel
being consumed. These mitigations, however, bring up other environ-
mental questions, as shown in the following sections.

Of the four categories of energy consumption (residential, commercial,
industrial, and transportation), changes in transportation will have the
most direct effect on individual populations. Transportation-related
goods and services within the United States account for about one-tenth
of the nation’s gross domestic product, and the economy relies heavily on
the low-cost, highly flexible movement of goods and services.
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TABLE 12.1 Environmental Effects Related to Energy Consumption

Environmental area Environmental problems

Air Pollutant emissions
Carbon monoxide
Sulfur oxides
Hydrocarbons
Nitrogen oxides
Lead
Mercury
Other toxic compounds
Smoke
Smog

Greenhouse gases
Water Oil spills

Brines
Acid mine drainage
Heat discharges

Land Land disturbance
Aesthetic blight
Loss of habitat
Subsidence

Solid waste Leachates
Radioactive waste
Storage/disposal of waste
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The U.S. transportation system is about 95 percent petroleum
dependent and is the only sector of the economy that consumes signif-
icantly more petroleum today than it did in 1973. In 1997, oil demand
driven by transportation uses, along with declining domestic produc-
tion, gave rise to the highest levels of oil imports ever (CEQ, 1997).
Over the 1990–1996 period, highway passenger-miles increased about
20 percent, while air passenger-miles grew about 24 percent; travel by
other public transit stayed about the same, and rail travel declined
slightly. Many factors have contributed to the increase in passenger
miles traveled, including increases in U.S. population, the number of
people in the labor force, and the number of people commuting to work
(CEQ, 1997).

Americans are generally traveling more miles annually in their
vehicles. In 1990, the average passenger car traveled 10,280 miles dur-
ing the course of the year; by 1997, average vehicle-miles for passen-
ger cars had increased to 11,575 miles. This can be partially attributed
to changes in the labor force and income, as well as increases in the
size of households and the number of vehicles per household. An
increased number of households and vehicles leads to more trips for
shopping, recreation, and taking care of children. Private vehicle trips
soared as metropolitan areas expanded and low-density suburbs
spread into rural areas, offering more mobility and direct connections
between destinations (CEQ, 1997).

The costs of mobility, however, are not paid directly by the individu-
als and businesses who are the beneficiaries. Transportation has a sig-
nificant impact on environmental quality in a wide variety of ways,
including air quality, land use and development, habitats and open
space, and energy use. The form and shape that cities and suburban
areas take in the next several decades will affect future mobility and
air quality. Certain land-use and transportation strategies can lead to
a reduction in vehicle trips and vehicle-miles traveled by allowing a
shift to other modes of travel, especially in congested urban and sub-
urban areas. Such strategies can make it easier for people to walk,
bicycle, or use transit service (rail or bus), instead of relying primari-
ly on automobiles for mobility. To gain a better understanding of the
benefits of transportation and land-use strategies in reducing vehicle
use and related emissions, the California Air Resources Board funded
a research study entitled “Transportation-Related Land Use
Strategies to Minimize Motor Vehicle Emissions: An Indirect Source
Research Study.” The study recommended a set of transportation-
related land-use strategies that are designed to assist communities in
achieving improved environmental quality. These strategies are pre-
sented below:
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■ Strong downtowns: A strong commercial and cultural center (not 
solely offices generating only workday traffic) can become a focal point
for a regional transit system and can facilitate pedestrian travel.

■ Concentrated activity centers: Combining higher-density development
into concentrated areas increases the opportunity for providing and
using more efficient transit service and also facilitates pedestrian
travel.

■ Mixed use development: Locating different types of compatible land
uses in close proximity to one another or within a single building can
result in higher levels of walking, as compared to segregated single-
use projects.

■ Redevelopment and densification: Encouraging the redevelopment
and reuse of vacant or underutilized property within developed areas
also supports the use of transit systems.

■ Increased density near transit stations and corridors: Intensifying
land uses within 1⁄4- to 1⁄2-mile walking distance of existing or planned
high-capacity transit stations and corridors encourages higher levels
of transit use.

■ Pedestrian/bicycle facilities: Providing good pedestrian accessibility
supports the other strategies and can reduce vehicle travel. This
strategy includes adequate and direct sidewalks and paths, protec-
tion from fast vehicular traffic, pedestrian-activated traffic signals,
traffic calming features, and other amenities.

■ Interconnected travel networks: Ensuring direct routes for vehicles,
pedestrians, and bicycles can result in slower vehicle speeds while
maintaining travel times that are comparable to current street pat-
terns.

■ Strategic parking facilities: Parking availability should be adjusted
to reflect increased rates of transit use, walking, and bicycling that
result from implementing the strategies listed above. Ideally, the
amount and cost of parking should vary according to the type and
location of land use.

Implementation of these strategies could have significant long-term
environmental benefits. The air quality improvements that may result
from implementing these strategies depend on a number of factors,
including whether a community is urban, suburban, or exurban. For
example, they could help reduce air emissions from mobile sources,
which, to date, are attributable almost entirely to technological advances
and to regulatory requirements. Other environmental elements that
may be positively affected include noise levels, fuel consumption, aes-
thetics, and environmental health.
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12.2 Fuel Alternatives and Development of
Supplies—Environmental Considerations

Not all fuel alternatives produce the same effects on the environment
either directly or indirectly. The CEQ undertook a study of the environ-
mental impact of electric power alternatives and concluded that such a
comparative discussion is useful for discussion purposes and provides a
basis for further analysis. CEQ recognized the difficulty in making com-
parisons of very different systems and stressed that regional differences,
emission control variability, and other factors should be considered in
each individual case. Next, each fuel is examined for specific environ-
mental effects as presented in Tables 12.2 through 12.5.

Coal: Although coal is our most abundant fossil fuel resource, its use
in the production of electrical energy is judged the most environ-
mentally damaging of alternatives. Table 12.2 details some of the
problems associated with the use of coal.

Oil: Environmental effects of oil are different in both character and
magnitude from those of coal, as may be seen in Table 12.3.
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TABLE 12.2 Environmental Effects of Use of Coal

Operation Major environmental effects

Surface mining Land disturbance
Acid mine drainage
Silt production
Solid waste
Habitat disruption
Aesthetic impacts

Underground mining Acid drainage
Land subsidence
Occupational health and safety
Solid waste

Processing Solid waste stockpiles
Wastewater

Transportation Land use
Accidents
Fuel utilization

Conversion Air pollution
Sulfur oxides
Nitrogen oxides
Particulates

Greenhouse gases
Carbon dioxide

Solid wastes
Thermal discharge

Transmission lines Land use
Aesthetics
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Gas: Natural gas is significantly more desirable from a pollution
production standpoint, although not problem-free, as may be seen
from Table 12.4.

Nuclear fission: A different set of environmental effects results from
the nuclear fission process, as indicated in Table 12.5. The accident
potential in conversion and disposal represents a highly controver-
sial issue in evaluating nuclear fission utilization, although the
short-term effects of operation are notably less polluting.
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TABLE 12.3 Environmental Effects of Use of Oil

Operation Major environmental effects

Extraction Land use (drilling)
Spillage
Brine disposal
Blowouts

Transportation Land use (pipelines)
Leakage and rupture (pipelines)
Spills

Refining Air pollution
Water pollution

Conversion Air pollution
Sulfur oxides
Nitrogen oxides
Hydrocarbons

Greenhouse gases
Carbon dioxide

Thermal discharge
Transmission lines Land use

Aesthetics

TABLE 12.4 Environmental Effects of Use of Natural Gas

Operation Major environmental effects

Extraction Land use (drilling)
Brine disposal

Transportation Land use (pipelines)
Processing Air pollution (minor)
Conversion Air pollution (relatively minor)

Carbon monoxide
Nitrogen oxides

Greenhouse gases
Carbon dioxide
Methane

Thermal discharge
Transmission lines Land use

Aesthetics
Safety hazards
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Fuel selection must be made on the basis of many factors in addition
to environmental consequences. The cost, availability, and facilities
and equipment requirements also must be considered, as well as the
political acceptability. Both short- and long-term aspects would be
included in the life-cycle analysis of a proposed system, and decision
makers should consider all aspects in making fuel selections.

To mitigate or reduce the adverse environmental effects of energy
and fuel utilization, various procedures have been initiated, some of
which have been controversial, and/or have not been effective, and/or
have resulted in further limitations in fuel supplies. For example, sup-
plies of some fuels have, effectively, been restricted or limited through
such actions as strip mine regulations and limitations on oil drilling
and exploration, particularly in offshore coastal waters and in the
Alaskan wildlife refuges.

The conservation of energy may be accomplished through (1) volun-
tary means, such as cutbacks in heating and lighting use, (2) economic
incentives, such as taxation, or (3) legislative means, such as manda-
tory speed limits. Conservation will undoubtedly continue to play a
key role as the nation moves toward energy self-sufficiency.

Conservation measures may vary greatly with project type and mag-
nitude. Such measures can be applied to new construction, in the form
of additional insulation and design, incorporating energy conservation
features related to color, orientation, shape, lighting, etc. Conservation
of energy can be applied to existing facilities, in the form of added insu-
lation and programs to reduce loads on heating, cooling, and other util-
ity consumption. Likewise, in the operation and maintenance of
equipment, steps may be taken to reduce fuel consumption further by
increasing efficiencies through proper equipment maintenance, reduc-
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TABLE 12.5 Environmental Effects of Use of Nuclear Fission

Operation Major environmental effects

Mining Land use (not extensive)
Milling (separation) Radioactive wastes

Air
Water
Solid waste

Enrichment Minor release of radioactive material
Conversion Thermal discharge

Release of radionuclides (minor)
Accident potential

Transmission lines Land use
Aesthetics

Reprocessing Radioactive air emissions
Radioactive waste disposal Accident potential (handling, storage)
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ing transportation requirements, and scheduling replacement of old
equipment with newer, highly efficient models.

Special efforts toward energy conservation should be pointed out in
an environmental impact statement because, generally, adverse
impacts on the biophysical environment tend to become reduced with
decreased energy production and consumption. However, some ques-
tion arises as to the socioeconomic effects of a substantially lowered
growth rate of energy consumption.

12.3 Energy Costs of Pollution Control

Energy requirements for the operation of pollution control systems are
an area of conflict that probably will continue to be present as long as
pollution regulations are in effect.

Generally speaking, the energy requirements for various aspects of
pollution control will vary with type of process, quantities involved,
and degree of treatment or removal. Energy required to meet pollution
control regulations at stationary sources in 1977 amounted to about 
2 percent of total U.S. energy consumption (Serth, 1977). This require-
ment may have increased by as much as 50 percent during the 1990s.
Since generation of energy produces many adverse environmental
effects, any increased consumption of energy to control pollution may
reduce the net pollution control benefits.

If reduction of net environmental degradation is the main goal, two
strategies are suggested. First, marginal benefits from stronger pollu-
tion control requirements should be compared with marginal costs,
including environmental consequences of increased energy consump-
tion. Second, research and technology development efforts should be
focused on high energy consumptive industrial categories and pollu-
tion control processes. Industrial categories include primary metals,
chemicals, paper and paper products, and petroleum and coal prod-
ucts. Pollution control processes include municipal wastewater treat-
ment and control of sulfur oxides from industrial and utility boilers
(Serth, 1977).

12.4 Energy Aspects of Recycling Materials

The recycling of materials such as paper, metals, and glass has long
been known to reduce environmental problems such as solid waste and
litter, while at the same time conserving supplies and preserving
resources. In addition, a renewed look at recycling has come about as
a result of the energy aspect of materials manufacture.

Some indication of the potential for energy conservation may be
determined by examination of the energy requirements for various
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sectors as indicated in Table 12.6, and the distribution of energy con-
sumption in the manufacturing sector shown in Table 12.7. The pri-
mary products industries (food, paper, chemical, petroleum, stone, clay
and glass, and primary metals) in 1971 accounted for over 83 percent
of the energy consumed by manufacturing (FEA, 1974), a proportion
which was almost unchanged in 1994 (see Table 12.7). In the face of
fluctuating energy prices and great uncertainty surrounding the
promise of future supplies, these industries are forced to examine pro-
grams to improve their energy efficiencies. One approach that is advo-
cated is the greater use of recycled materials.

Recycling and recovery of materials from waste streams depends, in
the practical world of business, primarily on economics. Depletion
allowances, capital gains treatments, transportation costs, and other
factors have had the effect of inhibiting a greater movement toward
recovery efforts. Increases in energy costs along with increases in
material costs and shortages in many materials can stimulate recy-
cling through the creation of new markets and increasing the demand
for certain recycled products. Explicit governmental policies to use
recycled products can also provide a portion of the necessary impetus
for the recycling industry.

Recycle of specific materials

The “recyclability” of different basic materials differs greatly. In the
following discussion, many of the energy, economic, and environmen-
tal considerations associated with the recycling potential of several
basic materials are examined. Remember, however, that development
of new technology which enables recycling, actions which artificially
limit supplies of virgin materials, and legislation which allows or pro-
hibits use of specific manufacturing processes may alter this picture
almost overnight.

320 Chapter Twelve

TABLE 12.6 Fuel Consumption by End-Use Sector 1987, 1990, 1993, 1996, and 1999, in
Quadrillion Btu’s

Sector 1987 1990 1993 1996 1999

Residential and commercial 28.49 29.48 31.12 33.67 34.17
Industrial 29.68 32.15 33.30 35.71 36.50
Transportation 21.46 22.54 22.89 24.52 25.92
By fuel

Coal 2.83 2.92 2.64 2.56 2.36
Natural gas 14.27 15.72 17.45 19.02 18.25
Petroleum 31.61 32.30 32.79 35.03 36.74
Electricity 8.37 9.24 9.74 10.56 11.12

SOURCE: Energy Information Administration/Annual Energy Review, 1999.

Energy and Environmental Assessment

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



Energy and Environmental Assessment 321

TABLE 12.7 Manufacturing Total First Use of Energy for All Purposes, 1994,
in Trillion Btu’s

Coal
SIC Total Net Fuel Natural and 
code Major group consumption electricity* oil** gas coke

Total 21663 2656 648 6835 2554
20 Food and Kindred Products 1193 198 49 631 165
21 Tobacco Products W† 3 1 W† W†

22 Textile Mill Products 310 111 24 117 40
23 Apparel and Other Textile W† 26 1 25 W†

Products
24 Lumber and Wood Products 491 68 27 48 W†

25 Furniture and Fixtures 69 22 1 24 3
26 Paper and Allied Products 2665 223 182 575 307
27 Printing and Publishing 112 59 2 48 0
28 Chemicals and Allied 5328 520 124 2569 304

Products
29 Petroleum and Coal Products 6339 121 93 811 W†

30 Rubber and Miscellaneous 287 149 14 110 5
Plastics Products

31 Leather and Leather W† 3 2 W† 0
Products

32 Stone, Clay, and Glass 944 123 30 432 282
Products

33 Primary Metal Industries 2462 493 56 811 1346
34 Fabricated Metal Products 367 115 4 220 W†

35 Industrial Machinery and 246 109 4 111 11
Equipment

36 Electronic and Other Electric 243 113 5 88 W†

Equipment
37 Transportation Equipment 363 132 18 157 30
38 Instruments and Related 107 46 5 29 0

Products
39 Miscellaneous Manufacturing W† 19 2 19 1

Industries

*Net electricity is obtained by aggregating purchases, transfers in, and generating from 
noncombustible renewable resources minus quantities sold and transferred out.

**Includes distillate and residual.
†W � Withheld to avoid disclosure of data for individual establishments.
SOURCE: Energy Information Administration/Annual Energy Review, 1999.

Glass. Glass can be recycled back into glass furnaces, but difficulties
in the glassmaking operation present problems which make recycling
unattractive in many cases. First, glass “formulas” include not only sil-
ica but limestone, soda ash, and, in many cases, coloring agents that
are blended, melted, and refined in precise operations. Reclaimed
glass necessarily results in the blending of formulas and the inclusion

Energy and Environmental Assessment

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



of many foreign substances, the end products of which are highly
unpredictable. As a consequence, recycled glass is considered usable
for only a limited range of products, which offsets much of any cost
saving.

Some glass products are manufactured with about 25 percent cullet
(waste glass) as a component. The use of cullet reduces energy con-
sumption in two ways: (1) The heat required to melt cullet may be 33
to 50 percent less than that required to produce glass from the virgin
raw materials, and (2) the use of cullet requires the addition of fewer
additives, thus saving the energy required to mine the inorganic chem-
icals usually added. These energy savings from the use of cullet are
partially offset, however, by the energy required to collect, beneficiate,
and transport waste glass (Renard, 1982).

The separation of glass from other wastes poses a second problem to
glass recycling. This process may vary from simple hand classification,
accomplished during time of collection, to complex automated separation
operations employing air classification, dense media separation, or froth
flotation. Color separation must also be accomplished and may be done
at time of collection or via automated optical systems. So-called source
separation, where glass of different colors is separated at each house-
hold, is a feature of many U.S. community recycling programs. The sep-
aration may take place in each home, for curbside pickup, or may be
accomplished at the time of drop-off at neighborhood centers. In Europe,
especially Germany, this is accomplished through placement of large
metal bins in densely populated neighborhoods. Three bins are provided,
one for each glass color, green, brown, and white (clear), and each station
serves several thousand residents. The cullet obtained through this sep-
aration is much more likely to be useful than mixed materials contain-
ing different colors.

Utilization of returnable bottles and containers assures that the effec-
tive use of a given container will be greatly increased, thereby decreas-
ing the necessity for more containers and the waste produced as each
container is emptied. Discouragement of “throwaway” containers pro-
motes not only less waste production, but less energy expenditure for
manufacturing as well. When the total energy consumption involved in
collecting, returning, washing, and refilling glass bottles is compared to
that required in delivering the same volume of beverage to the consumer
in a throwaway container, a significant energy savings is apparent. One
study has indicated that “…a complete conversion to returnable bottles
would reduce the demand for energy in the beverage (beer and soft
drink) industry by 55 percent, without raising the price of soft drinks to
the consumer” (Hannon, 1972). Unfortunately, bottling companies see
mandated recycling, especially through use of deposit containers, as an
unmitigated horror. They lobbied successfully against deposits and
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returnable containers in many states in the 1980s. Reclaimed glass may
be used for secondary products other than glass containers, such as for
aggregate in road construction, manufacture of insulating materials, or
brick production.

Tires and rubber products. Rubber is a natural forest product
resource that is critical to military and civilian transportation and to
the production of mechanical rubber goods. Natural rubber is used
primarily for tire production, and approximately 70 percent of the
world’s production comes from Southeast Asia (IRSG, 2000). Disposal
of tires and other rubber products represents a potential loss in sev-
eral ways. Disposal represents a problem from an economic stand-
point of collection, shipment, storage, and ultimate disposal.
Disposal of rubber goods presents several environmental questions,
as the long-term effects of slowly disintegrating tires and rubber
products have not been determined. Large piles of discarded tires
have caught fire, causing air and water pollution effects. Recognizing
these problems, many states now prohibit the disposal of whole tires
in municipal landfills.

Recycle and reuse potential for scrap tires and rubber products
include (1) direct reuse as artificial reef construction, (2) reprocessing
for retreaded tires or other rubber products, (3) alternate use such as
in road surfacing, or (4) use as a fuel in boilers. All these represent a
possible resource enhancement or savings, and some are directly or
indirectly related to energy savings as well. Only a minority of dis-
carded tires are reused in any way, however.

Paper. Recycled paper can be manufactured relatively easily, with end
products competitive in quality to those made from virgin materials.
Major difficulties arise from the economics of collection and trans-
portation of waste paper products to centers for reprocessing.

Shredded wastepaper and other forms of wastepaper products may
be utilized as packaging material or as mulches for erosion control, or
may form a portion of compost material for soil enrichment. When sol-
id waste is utilized for incineration and heat recovery, the paper and
cardboard content provides much of the energy content which is con-
verted to heat.

Estimates of energy savings that can be realized due to recycling of
paper products vary greatly. Most studies indicate that energy savings
of 7 to 57 percent are possible for paper products such as newsprint,
printing paper, packaging paper, and tissue paper. On the other hand,
paperboard products require more energy (40 to 150 percent more)
when manufactured from recycled material (OTA, 1989).
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Metals. High costs of metals and metal products have resulted in
extensive programs to reclaim stainless steel, precious metals, lead,
and copper in particular. Significant amounts of steel, aluminum, and
zinc are also recycled, but not to the extent that could, or perhaps
should, be returned for reuse. As with other waste materials, metal
recycling reduces the quantity of solid waste to be disposed of, reduces
the consumption of natural resources, and further reduces the energy
requirements for the production of manufactured products.

Steel. Studies done in the 1970s indicate that about 75 percent of
the energy required to produce raw steel from ore is saved in the pro-
duction of steel from scrap metal. When the mining, beneficiation, and
transportation processes are also considered, the energy savings drops
to 47 to 59 percent. The production of finished steel from scrap reduces
energy consumption by about 45 percent overall (Renard, 1982).

Aluminum. Recycling aluminum has a natural economic impetus
because of the high energy costs associated with producing primary
aluminum. Manufacturers have voluntarily established recycling cen-
ters for aluminum soft drink cans since the 1980s. In some areas, up
to 50 percent of all cans sold are recycled. This is an exceptional suc-
cess in view of the general failure of many container recycling efforts.
The recovery of aluminum from scrap saves up to 90 to 95 percent of
the energy required to produce the same product from alumina
(Renard, 1982).

Plastics. Making products from recycled plastic can save consider-
able energy. The use of recycled resin in plastics manufacture can
reduce energy consumption by 92 to 98 percent of the energy required
to produce virgin resins (OTA, 1989). Some of these energy savings will
be reduced when energy required to collect and transport the used con-
tainers is included. Lack of collection is the major factor limiting plas-
tics recycling (OTA, 1989). One effort started in the 1990s was the
uniform marking of plastic containers so that their resin classification
may be easily determined, and delivery back to processing of a more uni-
form batch of cullet is possible. This increases usefulness to the manu-
facturer, and will probably increase the price manufacturers are willing
to pay for the used material.

Oil wastes. Waste oil and petroleum products originate from
crankcase and lubrication wastes generated during the normal main-
tenance of motorized vehicles and machinery. Waste oils may be used
directly without reprocessing as road oils for dust control, or may be
mixed with virgin fuel oil for use in boilers for heating or electrical
power generation. Emissions of heavy metals and other related envi-
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ronmental problems should be carefully evaluated before burning or
otherwise recycling waste oil.

The process of refining waste oil to produce lubrication oils or fuel oils
is technologically possible and currently is being practiced in many
areas. Difficulties in removing impurities of lead, dirt, metals, oxidation
products, and water, along with environmental standards and product
specifications, have hampered the widespread practice of recycling in
the past. However, the improvement of recycling technology, coupled
with economic incentives, may result in a resurgence in recycling of
petroleum products in the near future.

Waste oil and its impurities possess potential threats to the envi-
ronment, whether the waste oil is indiscriminately dumped on land or
into water courses or burned. Even the refining process may produce
acid sludges and contaminated clays that must be disposed of in a
manner that is environmentally safe.

General solid waste. Municipal solid waste has been termed by some an
“urban ore” with a great potential for materials and energy recovery.
Currently, a great variety of approaches are being investigated and
demonstrated to tap this potential resource. Typical content includes
the following:

Paper Lead

Glass Textiles

Ferrous metals Rubber

Aluminum Plastics

Tin Food, animal, plant, and other wastes

Copper Miscellaneous materials

In addition to materials recovery and the potential savings repre-
sented, many solid wastes may be incinerated with significant energy
recovery. The energy value produced in 1990 through energy genera-
tion from 128 waste-to-energy plants in North America has been esti-
mated at approximately equivalent to 27 million barrels of oil per year
(Kiser, 1990).

12.5 Discussion and Study Questions

1 Do the pollution control laws in your state encourage or discourage indus-
trial expansion? What would be the consequences of relaxing their require-
ments? Of tightening them?

2 Consider the electricity you are currently utilizing for lighting, heating/
cooling, etc. Tracing back through transmission, conversion, and extraction/
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transportation of the original fuel source, what are the environmental effects
resulting from its consumption, and where are they occurring?

3 Compare the potential positive and negative environmental effects of the
following actions:

a A statewide ban on nonreturnable beverage containers.

b A regulation requiring all federal (or state) agencies to utilize only recy-
cled paper.

c A requirement that all gasoline sold in your state contain at least a
minimum amount of alcohol distilled from grain or similar product.

d A requirement for state-owned and all commercial fleet vehicles to con-
vert to alternative fuels (liquid petroleum gas, natural gas, ethanol, etc.).

e A proposal to allow homeowners to tap into the municipal water distri-
bution system to use potable water as a heat sink for residential heat
exchanger units.

4 Does your community currently have a recycling program?
a If so, find out how it is structured and financed. Is it successful? What
are the measures of success? What environmental trade-offs are associat-
ed with the program? Identify any problems it is experiencing and suggest
ways in which it could be further improved.

b If not, outline a program you believe would be successful. Anticipate any
problems that would be encountered and suggest ways to overcome them.
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327

Contemporary Issues in
Environmental Assessment

The range of issues which may need to be considered while preparing
an environmental assessment is very large indeed. Some become rela-
tively more important at one time than at another, while new problems
arise constantly. It is for this reason, among others, that it is difficult
to build into legislation or regulations a required set of items to be cov-
ered in every case. We present here seven contemporary issues which
are currently important, and suggest ways in which consideration of
these problems enter into an assessment. There are certainly many
other problem areas which may be more important in certain instances,
but each of these has some history of being relevant to national and
international decision making. Issues examined are global warming,
acid rain, deforestation, endangered species, biodiversity, cultural
resources, and ecorisk.

13.1 Global Warming

Swedish chemist Svante Arrhenius (1896) coined the term greenhouse
effect at the turn of the century. He postulated that if certain gases
such as carbon dioxide were to be increased in the atmosphere due to
combustion of fossil fuel, this would allow sunlight to penetrate, but
retain outgoing infrared radiation, in a manner analogous to a green-
house; this could cause appreciable global warming.

Scientific agreement

In the natural functioning of the earth’s climate, atmospheric gases,
most importantly water vapor and carbon dioxide, and less importantly
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methane, nitrous oxide, and ozone, trap solar heat reflected from the
earth’s surface and prevent it from escaping into space. Without this
natural greenhouse effect, the earth would be 33°C cooler and could
not support life as we know it.

As a result of industrial activity in the past century, however, atmos-
pheric concentrations of these natural greenhouse gases, and other syn-
thetic gases with similar effects, have increased. Combustion of fossil
fuels and industrial use of synthetic gases in developed countries, and
deforestation in developing countries, have released ever-increasing lev-
els of greenhouse gases into the atmosphere. The scientific community
agrees that carbon dioxide levels have risen 20 percent in the past cen-
tury, and there is general agreement that the earth’s global mean tem-
perature has risen 0.3 to 0.6°C in the same time period (Abrahamson,
1989). If there is indeed a causal relationship between increased levels
of greenhouse gases due to human activity, and warming on a global
scale, the human community may be faced with changes in the earth’s
climate and resultant disruptions of our human and natural environ-
ments on an unprecedented scale.

Uncertainties

Yet there is no certainty about the challenge which may face us: that
it will happen, when it may happen, and just how severe it might be.
Although it is established that carbon dioxide emissions are expected
to increase if no action is taken to limit them, we do not have scientific
information adequate to predict confidently how the earth’s climate
will respond to this increase.

The Intergovernmental Panel on Climate Change (IPCC), a body of
scientists and other experts from 30 countries, in 1990 produced a
Scientific Assessment of Climate Change, which indicates the consensus
that has been reached by the scientific community on the certainties
and doubts surrounding this issue. The panel predicted that global
mean temperature will increase by 0.2 to 0.5°C per decade to total 1°C
higher by 2025 and 3°C higher by 2100. The panel acknowledged that
our incomplete understanding of the impact of clouds, oceans, and polar
ice sheets on earth’s climate make this prediction very uncertain with
regard to timing, magnitude, and regional changes (OTA, 1991). At the
end of 1995, however, the IPCC released its Second Assessment Report.
The report concludes that “the balance of evidence suggests that human
activities are having a discernible influence on global climate.”

At a 1985 conference sponsored by the United Nations Environmental
Programme and the World Meteorological Organization, scientists con-
curred that a rise in mean global temperature between 1.5 and 4.5°C
will accompany a 50 percent increase in carbon dioxide levels, with the
midrange prediction being 3°C (Abrahamson, 1989).
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Although many scientists accept the prediction that increased levels of
greenhouse gases will cause global mean temperature rise, there are
some dissenters. Kenneth Watt of the University of California at Davis
maintains that greater cloud cover due to higher carbon dioxide levels
may cause global cooling rather than warming. Reid Bryson at the
University of Wisconsin maintains that dust and smoke, and not carbon
dioxide levels, are the cause of climate change (Anderson and Leal, 1991).

Some of the uncertainty in predicting the extent of temperature rise
is due to the role of the oceans, which may absorb excess heat and
delay or offset higher temperatures. Vegetation may take up some por-
tion of the carbon dioxide, and ice caps may melt at rates we cannot
predict. Even small changes in cloud cover may affect global tempera-
tures, and this mechanism is not well understood. Recent measure-
ments show a lower concentration of carbon dioxide in the atmosphere
than predicted, and there is speculation that increased growth of veg-
etation in some areas has caused some of the released carbon dioxide
to be fixed as plant tissue through photosynthesis. Few facts can be
stated with certainty.

Effects of global warming

Current climate models are inadequate to confidently predict the regional
effects of a 3°C global mean temperature rise, although some tentative
predictions can be made. Tropical areas may experience a smaller tem-
perature rise with decreased rainfall in dryer regions and greater rain-
fall in moist regions; higher latitudes will experience the largest
temperature increase; summer dryness will be more frequent in the mid-
dle latitudes of the Northern Hemisphere; and due to the expansion of
ocean water and melting of polar ice, sea level may rise 20 to 140 cm
(Abrahamson, 1989). Regional areas may experience changing patterns
of temperature, storms, winds, and rainfall. Tropical hurricanes may
become more frequent and severe. Flooding may be exacerbated in
coastal areas.

Changes in weather patterns would directly affect agriculture,
forestry, and natural ecosystems. Some agricultural areas and forest
species may lose productivity, while others may benefit, shifting the
current patterns of food and timber production. Such shifts may dis-
rupt the equilibrium of present economies, both within national bound-
aries and among nations. Food supplies for some countries may be
threatened, and the present network of trade relationships could be
altered to favor some nations and disadvantage others. The effect of
warming on recreation and tourism may also be mixed, shifting advan-
tages and disadvantages among various geographic regions.

Sea level rise may account for the most extensive and expensive dam-
age caused by global warming. A rise in global sea level of 1 meter would
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cause the loss of 5000 to 10,000 square miles of land in the United
States, affecting more than 19,000 miles of coastland. The built struc-
tures and transportation, power, water, and drainage support systems
of developed coastal areas may suffer severe damage (Titus, 1990).

Prevention strategies

The different greenhouse gases make varying contributions to the
greenhouse effect, and are released by varying activities; thus, a policy
mix will be needed to reduce the total atmospheric level of greenhouse
gases. Carbon dioxide emissions account for 55 percent of the total
warming effect of greenhouse gases, and “excess” releases are largely
the result of fossil fuel consumption and biomass burning. Remember
that carbon dioxide is the normal result of all plant and animal metab-
olism, however, and not all releases are from artificial sources.
Because carbon dioxide is stored in biomass form in forests, the level
of atmospheric carbon dioxide is also elevated by deforestation.
Chlorofluorocarbons, synthetic chemicals used in air conditioning,
refrigeration, insulating foams, aerosols, and solvents, contribute 
24 percent. Methane, contributing 15 percent, is produced by anaero-
bic decay of organic matter in moist areas, such as in rice farming, and
by ruminant animals. Nitrous oxide also results from fossil fuel con-
sumption, particularly coal, and contributes 6 percent (OTA, 1991).

Earth Summit. Because global warming is a global rather than a local
phenomenon, it is necessary to incorporate international agreements
in developing prevention strategies. At the Earth Summit in Rio de
Janeiro in 1992, more than 150 governments signed the Framework
Convention on Climate Change. Developed countries agreed to the
“aim” of returning their greenhouse emissions to 1990 levels by the
year 2000. Developing countries agreed to prepare inventories of emis-
sions and strategies to mitigate climate change with financial support
from the industrialized nations.

This largely voluntary effort, however, proved insufficient. By the end
of 1997, emissions had increased in all but a few developed nations and
prospects for meeting the year 2000 target were poor. In 1997, at the
third Conference in Kyoto, Japan, more than 160 nations developed a
Protocol to the convention. Under the Protocol, industrialized nations
agreed to reduce their aggregate emissions of six greenhouse gases by at
least 5 percent below 1990 levels in the period 2008–2012. Developing
countries do not have a legally binding obligation to reduce greenhouse
gas emissions under the Protocol. Programs such as emissions trading,
joint implementation, and the Clean Development Mechanism are
intended to provide flexibility to make these reductions both at home
and abroad.
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Methane (CH4). It is unlikely that U.S. methane production can be sig-
nificantly reduced. Beef and dairy farming is responsible for most U.S.
methane production; large reductions in the cattle population or dra-
matically improved animal waste management practices would be
required to reduce methane emissions. Neither effort is believed likely
to be well received or productive (OTA, 1991).

Nitrous oxide (N2O). Most U.S. nitrous oxide release is due to the use of
nitrogen fertilizers in agriculture. Some reduction of emissions could be
obtained with policies that discourage monocropping and heavy fertilizer
use (OTA, 1991).

Chlorofluorocarbons (CFCs). Limitation of CFC emissions promises to
bring high returns from policy efforts. Substitute chemicals are already
available for some CFC compounds, and others are under development.
Technology exists for the recapture of CFCs from products currently in
use, and may support a market for recycled gases. The chemicals
remain in the atmosphere 75 years, exercising a powerful greenhouse
effect and causing depletion of stratospheric ozone. Thus, limiting CFC
emissions will provide substantial environmental benefit at a low level
of economic hardship. Effective January 1, 1994, the EPA issued an
Accelerated Phaseout Schedule for Class I Substances (including CFCs).
This schedule limits the production of CFCs, in terms of percentage of
baseline production allowed, to 25 percent in 1994 and 1995 and 0 per-
cent for 1996 and beyond. The CFC phaseout  not only will affect green-
house gas concentrations, but will also have a direct effect on the
protection of the stratospheric ozone layer, reduced health risks, and
pollution prevention.

CFCs and the Montreal Protocol. However, vigorous action is required;
global emissions can be stabilized at present levels only with an 85 per-
cent reduction in CFCs. The United States, Sweden, and Norway have
already banned nonessential aerosol uses of CFCs. In 1987, an interna-
tional agreement was reached in Montreal to address limiting CFC
emissions worldwide. The Montreal Protocol has been ratified by over
100 nations and came into force as of 1990. It targeted a scheduled
phaseout of the most damaging CFCs by 2000, employing a marketable
permit system to raise CFC prices and encourage the use of substitute
chemicals, the recovery of gases from used products, and reduction in
overall use. It has been estimated that a 50 percent reduction of CFC
levels in the United States will cost $0.6 billion, which is minimal
(Hoeller, Dean, and Nicolaisen, 1991). Although the Montreal Protocol
represents a landmark in international environmental cooperation and
protection, there are already indications that more stringent targets are
needed. The agreement was designed to extend leniency to the Soviet
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Union, eastern Europe, and developing countries; these exceptions may
need revision especially since the breakup of the Soviet Union.

Carbon dioxide. Controlling atmospheric carbon dioxide levels, which
account for 55 percent of the greenhouse effect, is the primary focus of
global warming prevention policy. Developing countries influence atmos-
pheric carbon levels chiefly through deforestation, which removes from
the global equation the carbon-storing function provided by forests.
Industrial countries influence atmospheric carbon levels chiefly through
the burning of fossil fuels, which releases carbon dioxide directly into the
atmosphere. The contribution of carbon dioxide from third world fossil
fuel consumption will undoubtedly increase dramatically in the future as
the countries pursue development.

Of total carbon released worldwide, 6 billion tons are due to fossil fuel
use, and 0.5 to 3.0 billion tons are due to deforestation (with accompa-
nying burning of the plant material) (Hoeller, Dean, and Nicolaisen,
1991). It has been estimated that trees in active growth sequester car-
bon dioxide at a rate of 6 tons per hectare (Sedjo, 1990, cited by Hoeller,
Dean, and Nicolaisen, 1991). The net sequestering of carbon slows at
maturity, and the stored carbon is released when the trees decompose or
are burned. To maintain continuity in carbon storage, forests must be
regularly renewed.

Technological developments. The extent to which greenhouse gas emis-
sions can be reduced by climate-friendly technologies will depend on how
quickly and thoroughly these technologies penetrate the economy. The
President’s Council on Sustainable Development has suggested that the
most significant barriers include

■ High up-front cost of new technologies compared to the low cost of
fossil energy

■ Lack of awareness of the availability of climate-friendly technologies
and their value for solving quality-of-life concerns

■ Long time frame for natural turnover of capital stock
■ Fiscal or regulatory policy disincentives that impede early retire-

ment of carbon-intensive technologies or fail to encourage continu-
ous improvement in technology and environmental performance

■ Political uncertainty about future carbon control policy

Possible solutions to overcome these barriers are also presented:

■ Fiscal policy should encourage the replacement of greenhouse gas-
intensive technologies with those that are climate-friendly, and increase
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investment in innovation through performance-based incentives and
other mechanisms.

■ Statutory and regulatory authority should facilitate flexible and 
performance-based approaches that make it easier to install and
employ climate-friendly technologies.

■ Voluntary commitments should be used to learn how to reduce emis-
sions and put these lessons into practice.

■ Research and development efforts should help ensure that future
emissions reductions can be met at low cost and in ways that con-
tribute to sustainable development.

Carbon sequestration can be defined as the capture and secure stor-
age of carbon that would otherwise be emitted to or remain in the
atmosphere. The idea is to keep carbon emissions produced by human
activities (anthropogenic) from reaching the atmosphere by capturing
and diverting them to secure storage, or to remove carbon from the
atmosphere by various means and store it. Carbon sequestration could
be a major tool for reducing carbon emissions from fossil fuels. For
example, Norway’s state-owned petroleum company, Statoil, is cur-
rently sequestering the carbon dioxide content of the natural gas it is
extracting from the Sleipner gas field off the coast of Norway back into
an aquifer about 1000 meters below the seabed. Statoil has found this
to be more economical than paying the $55/ton tax that would apply
for emitting the carbon dioxide to the atmosphere (Allenby, 2000).
Thus, there is proof of the concept; however, much work remains in
order to understand the science and engineering aspects and realize
the full potential of carbon sequestration options.

The U.S. DOE defines three requirements for the success of carbon
sequestration technologies:

1. Be effective and cost-competitive
2. Provide stable, long-term storage
3. Be environmentally benign

Using present technology, estimates of sequestration costs are in the
range of $100 to $300/ton of carbon emissions avoided. The President’s
Committee of Advisors on Science and Technology recommended increas-
ing the U.S. DOE’s research and development on carbon sequestration.
The goal is to reduce the cost of carbon sequestration to $10 or less per
net ton of carbon emissions avoided by 2015. Achieving this goal would
save the United States trillions of dollars.

On April 12, 1999, the U.S. DOE issued Carbon Sequestration—
State of the Science. The report defines six scientific/technical “focus
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areas” relevant to carbon sequestration. These focus areas are
described below.

Separation and capture of CO2. The goal of CO2 separation and capture
is to isolate carbon from its many sources into a form suitable for
transport and sequestration. The costs of separation and capture are
generally estimated to make up about three-fourths of the total costs
of ocean or geologic sequestration. Sources that appear to lend them-
selves best to separation and capture technologies include large point
sources of CO2. Dispersed sources of CO2 emissions are especially chal-
lenging issues for applying cost-effective separation and capture meth-
ods.

The technology required to perform this function depends on the
nature of the carbon source and carbon form(s) that are suitable for sub-
sequent steps leading to sequestration. The most likely options currently
available for CO2 separation and capture include chemical and physical
absorption, physical and chemical adsorption, low-temperature distilla-
tion, gas-separation membranes, mineralization and biomineralization,
and vegetation.

Ocean sequestration. The ocean represents a large potential sink for
sequestration of anthropogenic CO2 emissions. Currently, the ocean
actively takes up one-third of our anthropogenic CO2 emissions annu-
ally. On a time scale of 1000 years, about 90 percent of today’s anthro-
pogenic emissions of CO2 will be transferred to the ocean. Ocean
sequestration strategies attempt to speed up this process to reduce
both peak atmospheric CO2 concentrations and their rate of increase.
Although the long-term effectiveness and potential side effects of using
the oceans in this way are unknown, two methods of enhancing
sequestration have been proposed: (1) the direct injection of a rela-
tively pure CO2 stream and (2) the enhancement of the net oceanic
uptake from the atmosphere.

Technologies exist for direct injection of CO2 at depth and for fertil-
ization of the oceans with microalgal nutrients. However, we lack suf-
ficient knowledge of the consequences of ocean sequestration on the
biosphere and on the natural biogeochemical cycling. In addition, pub-
lic perception of ocean sequestration will certainly be an issue for its
broader acceptability. Much of the public, as well as ocean advocacy
groups, believes that the oceans must remain as pristine as possible.
Legal issues may also be complicated. With the exception of the coastal
economic zones, the ocean is international in domain and is protected
by international treaties or agreements. Ultimately, both scientific
understanding and public acceptability will determine whether ocean
sequestration of carbon is a viable option.
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Carbon sequestration in terrestrial ecosystems (soils and vegetation). Enhancing
the natural processes that remove CO2 from the atmosphere may be one
of the most cost-effective means of reducing atmospheric levels of CO2.
This program area is focused on integrating measures for the improve-
ment of carbon uptake by terrestrial ecosystems, including farmland 
and forests, with fossil fuel production and use. This development has
received much support by the public, and forestation and deforestation
abatement efforts are already under way.

Sequestration of CO2 in geological formations. CO2 sequestration in geo-
logic formations includes oil and gas reservoirs, unmineable coal
seams, and deep saline reservoirs (ocean sequestration). One such
process already in use is enhanced oil recovery. During this process,
CO2 gas is pumped into an oil or natural gas reservoir in order to push
out the product. This process represents an opportunity to sequester
carbon at low net cost due to the revenues from recovered oil and gas.

Advanced biological processes for sequestration. Advanced biological tech-
nologies will augment or improve natural biological processes for carbon
sequestration from the atmosphere in terrestrial plants, aquatic photo-
synthetic species, and other microbial communities. Enhanced biologi-
cal carbon fixation significantly increases carbon sequestration without
incurring costs for separation, capture, and compression. Available tech-
nologies encompass the use of novel organisms, designed biological sys-
tems, and genetic improvements of metabolic networks in terrestrial
and marine microbial, plant, and animal species.

Advanced chemical approaches to sequestration. Advanced chemistry shares
significant common ground with separation and capture. Improved
methods of separation, transport, and storage will benefit from research
into advanced chemical techniques. The advanced chemical technologies
designed for the future would work with technologies now being devel-
oped to economically convert recovered CO2 to benign, inert, long-lived
materials that can be geologically sequestered or that have commercial
value. In addition, advanced chemical technologies can develop new cat-
alysts needed to enhance geologic sequestration, develop new solvents
and sorbents for gas separations, explore new formulations for fertilizers
to enhance terrestrial or oceanic sequestration, and create membranes
and thin films for advanced separations.

The policy dilemma: acting now or later

If most of the scientific community agrees that global warming will
occur, but that its timing and extent cannot be accurately predicted,
perhaps it is prudent to simply delay action until adequate informa-
tion is available, and avoid committing large sums to address the 
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possibility, only to find later that concern was unfounded. The energy
practices which have released increasing quantities of greenhouse gases
lie at the heart of our technology and cannot be altered readily or with-
out cost.

However, the situation is not this simple. There is a significant time
lag, on the order of decades to centuries, between emission of gases
and climatic effects. The greenhouse gases, with the exception of
methane, are long-lived in the atmosphere (50 to 200 years) and accu-
mulate rather than decay. The climate does not respond immediately
as the gases accumulate or as emission levels are reduced. Thus, if we
delay, hoping to learn how best to proceed, the accumulating gases
commit us to ever-increasing climatic effects into the future, which
may not be fully felt for decades. Furthermore, the level of uncertainty
about the impacts of global warming increases with the degree of
warming. Although some limited and uncertain scenarios can be gen-
erated to predict the impacts of a 3°C temperature increase, tempera-
tures higher than this exceed known conditions for the earth, and the
potential impacts at higher temperature are thus totally unknown.

Addressing the prospect of global warming presents a fundamental
choice for policymakers as well as for the persons charged with assess-
ing the effects of these decisions: take action now, both to prevent cli-
mate change and to plan for adaption to change that cannot be
prevented, or defer action until the issue is better understood or until
climate changes actually occur. This is a choice based on weighing pres-
ent costs against future benefits. Should we expend current resources
and risk that they will be spent needlessly, or should we save current
resources and risk encountering changes in the future that may be
still more costly, and may exceed our adaptive ability?

In spite of a general agreement at the 1992 Earth Summit in Rio de
Janeiro that something must be done to keep global warming under con-
trol, the controversy over who pays for this benefit remained. Should the
industrialized countries that produce proportionately higher levels of
CO2 (than do developing countries) pay for controlling CO2 in the devel-
oping countries? Should developing countries slow down their rate of
industrialization and population growth in order to temper the CO2

emission increase? The lines are easily drawn, and agreement elusive.
Three major industrialized countries, the United States, Japan, and

Germany, with populations of 4.7, 2.3, and 1.5 percent, respectively, of
the world, now emit 22.3, 4.8, and 2.9 percent, respectively, of the
world’s CO2. The United States alone accounts for nearly one-fourth of
the world’s generations (N.Y. Times, 1992). Many economists feel that
it would be much less expensive for industrialized countries to invest
directly in reducing CO2 emissions in the developing countries than to
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achieve comparable levels of reduction in industrialized economies.
This would amount to the transfer of resources from the developed to
the developing countries to address a problem affecting the global com-
mons (i.e., the atmosphere). In spite of the economic justification, this
course of action presents complex public policy problems. Few indus-
trialized countries are eager to embrace such bold international ini-
tiatives for unquantifiable and unguaranteeable returns.

Delaying action. The cost of implementing prevention and adaptation
strategies which in the end may be unnecessary, or may be inefficient or
ineffective due to lack of information, is the justification for delaying
action. If the impact of climate change is small or can be easily managed,
then efforts to prevent and plan adaption to global warming will provide
minimal benefits. If our current understanding of the issue is inade-
quate to ensure that policies conceived today will be effective in the
future, then the cost of present action may not be justified. Perhaps
effective and efficient adaption strategies can be designed only if and
when climate changes have arrived. Perhaps prevention strategies incur
costs without adequate assurance of future benefits.

Acting in the present. The benefit of avoiding or limiting unknowns
(costs, damages, and environmental surprises) in the future is the justi-
fication for acting in the present. It may be preferable to pay known
costs today rather than encounter unknown and far greater costs and
unknown and far greater environmental damage in the future. It may
be possible to limit future warming by actions taken today, but impossi-
ble to remediate warming in the future if it proceeds past some point of
irreversibility. It may be possible to begin the decades-long process 
of policy design and implementation today and have policies in place 
in time to meet the situation, but impossible to put effective policies in
place quickly enough once climate change has arrived.

The President’s Council on Sustainable Development recommends
an incentive-based early action program that includes broad partici-
pation; encourages learning, innovation, flexibility, and experimenta-
tion; grants formal credit for legitimate measures to protect the
climate; ensures accountability; is compatible with other climate pro-
tection strategies and environmental goals; and is inspired by govern-
ment leadership. The Council notes that an early action strategy must
evolve over time in response to advances in scientific knowledge and
technology. Improved understanding of the climate system and the
sources and sinks of the various greenhouse gases will help determine
how best to target appropriate incentives to protect the climate. As
new and existing technologies are deployed more rapidly and as new
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technologies are developed, improved cost-effective early action strate-
gies may emerge.

Cost-benefit analysis

A cost-benefit analysis is thus implied in making this “now or later”
choice about global warming strategies. The calculation of environ-
mental policy costs, while not an exact science, has been developed into
a useful evaluative tool. The calculation of policy benefits (the costs of
environmental damage which are avoided as a result of implemented
policy) has been included in policy analysis only in recent years, per-
haps because of its substantial difficulty, and it is less well developed.
Despite the difficulty of valuing policy benefits, some observers (e.g.,
Pearce, 1989) maintain it is essential to include benefits in policy eval-
uation.

On the small scale, individual policies which are evaluated only for
cost effectiveness (by assuming a target and attempting to minimize
the cost of achieving that target) may assume a target that is inap-
propriate and thus waste resources on an ineffective policy. An appro-
priate policy target can be set at the point that costs equal or exceed
benefits, if the value of policy benefits is included in the equation.
Probability of occurrence for each event, if known, can also be included
in the analysis. Intangible costs and benefits can be arranged in a pref-
erence index and utilized in policy analysis.

Nordhaus (1990) completed one of the few cost-benefit analyses for
different levels of greenhouse gas reduction. This information is sum-
marized in the following table:

Greenhouse gas Marginal cost per Global cost per Global benefits 
reduction, % carbon ton, $ year, $ per year, $

11 8 2.9 billion 10.1 billion
25 40 30.7 billion 22.9 billion
50 120 191.0 billion 48.8 billion

Based on this type of information, strategies and policies can be devel-
oped to focus on resources needed to achieve certain reduced levels of
greenhouse gases.

Although it is important that benefits be considered in relation to
costs in policy evaluation, formal cost-benefit analysis is not appropri-
ate in all situations. It is a decision-making tool to evaluate economic
efficiency; however, we also need to consider economic utility and equity.
Economic utility would depend upon preferences of individuals to
determine what constitutes a benefit; equity would require balancing
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interests of “losers” and “gainers.” In addition, many environmental
amenities cannot be converted to monetary terms.

Adaptation strategies

Assuming that the greenhouse effect is real, that increasing atmos-
pheric concentrations of greenhouse gases do indeed cause a rise in
mean global temperature, some adaptive response to this warming is
needed. It is clear that we cannot reasonably expect to stabilize green-
house gases at current levels, but can only hope to limit their rate of
increase. Faced with this prospect, policymakers have a challenging
task of deciding whether adaption should begin only after climate
changes have taken place, or if steps should be taken now to make
future adaption more efficient and less costly.

Some expenditures to limit greenhouse gas emissions seem like a pru-
dent course of action. Level of expenditures, distribution of expenditures
among industrialized and developing countries, and market mechanisms
used to implement these policies would require creative strategies and
international community agreements on an unprecedented scale.
Expenditures made at this time to limit greenhouse gas emissions can
capture numerous other benefits regardless of the future extent of global
warming or its adverse effects. For example, policies that reduce major
greenhouse gases like carbon dioxide and CFC will improve energy effi-
ciency, help develop alternate (non-fossil-fuel) energy sources, reduce air
pollution, reduce ozone layer depletion, and provide incentives for devel-
oping efficient and less-polluting public and individual transportation
systems and vehicles.

Environmental assessment implications

Global warming is an example of a particular type of problem which is
extremely difficult to deal with in the context of an environmental
assessment. First, unless the action being assessed is intended specif-
ically to deal with the issue of global warming, very few actions will
have a significant effect on the release of any of the greenhouse gases.
Many actions, however, will have a little effect on them. Any action
whose effect is to increase net vegetated land area may be said to have
a minor positive effect; the converse is also, of course, true. Policy
actions which increase the efficiency of energy generation, or rely on
other than fossil fuels for power generation, may be said to have a pos-
itive effect. See Chapter 12 for a discussion of the relative position of
different types of power generation on greenhouse gases. The authors’
best advice is to remember to discuss the issue to the extent that it
seems to be applicable, without either over- or understating the con-
sequences (i.e., don’t omit, but don’t exaggerate).
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13.2 Acid Rain

Because acid rain and global warming have common roots in the burn-
ing of fossil fuels, the two problems can appropriately be considered
together in assessing environmental consequences of an action. As acid
rain damages trees worldwide, it also contributes to global warming by
reducing the carbon fixing function provided by forests. Preventing
acid rain thus can assist in the control of global warming.

What causes acid rain?

Acid rain is produced when atmospheric sulfur dioxide (SO2) and nitro-
gen oxides (NOX) undergo transformations in the atmosphere to pro-
duce harmful compounds which then settle as dry fallout or are
washed out by rain. The components are organic chemicals that are
normally released by the oceans, volcanoes, lightning, and biological
processes, and would not cause environmental damage at naturally
occurring concentrations. However, sulfur dioxide emissions from the
burning of fossil fuels, especially coal-fired power plants, and nitrogen
oxide emissions from motor vehicles and secondarily from coal-fired
power plants, make a significant contribution to the atmospheric lev-
els of these chemicals.

The chemicals are easily carried long distances in the atmosphere; the
use of tall smokestacks, originally intended to reduce local pollution, has
had the effect of increasing their dispersion as well. During atmospheric
dispersion, sulfur dioxide and nitrogen oxides interact with sunlight,
moisture, ozone, and pollutants in complex chemical reactions to pro-
duce the compounds which may cause environmental damage.

In 1980, 81 percent of U.S. sulfur dioxide emissions were contributed
by 31 eastern states: Ohio had the highest level of emission, followed by
Pennsylvania, Indiana, Illinois, Missouri, Texas, Kentucky, Tennessee,
and West Virginia. The main sources were coal-fired electric utilities
and industrial boilers and smelters. The 31 eastern states also con-
tributed two-thirds of U.S. nitrogen oxides, with highest emissions from
Texas, California, Ohio, Pennsylvania, and Illinois. The primary sources
for nitrogen oxides are automobiles and utilities (Webber, 1985).

Title IV of the Clean Air Act Amendments (CAAA) of 1990 called for a
10-million-ton reduction in annual emissions of SO2 in the United
States by the year 2010, which represents an approximately 40 percent
reduction in anthropogenic emissions from 1980 levels. Implementation
of Title IV is referred to as the Acid Rain Program (U.S. EPA, 1999). The
overall goal of the Acid Rain Program is to achieve significant environ-
mental and public health benefits through reductions in emissions of
SO2 and NOx. To achieve this goal at the lowest cost to society, the pro-
gram employs both traditional and innovative market-based approaches
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for controlling air pollution. In addition, the program encourages energy
efficiency and pollution prevention. To achieve the reductions required
by Title IV of the CA90, the law required a two-phase tightening of the
restrictions placed on fossil fuel–fired power plants.

Phase I began in 1995 and affects 263 units at 110 mostly coal-burning
electric utility plants located in 21 eastern and midwestern states. An
additional 182 units joined Phase I of the program as substitution or
compensating units, bringing the total of Phase I affected units to 445.
Emissions data indicate that 1995 SO2 emissions at these units nation-
wide were reduced by almost 40 percent below their required level.
Phase II began in 2000 and was focused on tightening the annual emis-
sions limits imposed on large, higher-emitting plants; it also set restric-
tions on smaller, cleaner plants fired by coal, oil, and gas, encompassing
over 2000 units in all (U.S. EPA, 1997).

Uncertainties

Debate over acid rain has been continuing, particularly in Great
Britain and the United States, for the past decade. Those who maintain
that environmental damage is caused by emissions of sulfur dioxide
and nitrogen oxides are opposed by those who maintain that the causal
link is not totally proven. One of the grounds for debate is the possibil-
ity that the formation of acid rain may depend more on the availability
of oxidants such as ozone, rather than on the emission levels of sulfur
dioxide and nitrogen oxides.

The two sides also disagree on the seriousness and irreversibility
of observed damage, and on the value of attempting to control sulfur
dioxide and nitrogen oxide emissions. The two links to be confirmed
are therefore between emissions and acid rain and between acid rain
and environmental damage. Policymakers are reluctant to act to limit
emissions until these links are established. The results of the
National Acid Precipitation Assessment Program 10-year study indi-
cate that the causal link between forest damage and acid rain
remains elusive, and that a reduction in sulfur dioxide levels may not
cause a corresponding drop in acid rain levels (Anderson and Leal,
1991).

One of the many uncertainties about acid rain is why specific effects
are seen in some areas and not in others. Forest damage is more exten-
sive in Germany, whereas fish kills are more extensive in Norway. The
form and level of acid deposition varies from region to region, as does
the ability of the native ecosystem and soil to resist or buffer acid
effect. Forestry management may also influence regional acid levels.
Commercial conifer plantings are known to increase the acidity of
runoff waters, unrelated to the effects of acid rain.
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Damages due to acid rain

Important early reports of serious environmental damage attributed
to acid rain (large fish kills in Sweden) were made at the U.N.
Stockholm conference in 1972. Since that time, damage to rivers and
lakes, forests and vegetation, buildings, and human health have been
reported by many countries. Of European countries, Scandinavia and
Germany have been most affected; the northeast United States and
Canada have been most affected in North America. These highly
affected areas are downwind of emission sources in Europe and, in the
case of Canada, in the United States. Because acid rain can be thus
exported from one country to another, the problem raises significant
political difficulties between countries.

Lakes and rivers. The alteration of lake and river chemistry caused by
acid rain kills fish and other water species, damaging the aquatic
ecosystem. The primary cause of fish death is likely to be aluminum,
which is released from soils by acid fallout. Norway has lost fish from
13,000 km2 of waters, with an additional 20,000 km2 affected to some
degree. Fourteen thousand lakes in Sweden are unable to support sen-
sitive aquatic life, and another 2200 are nearly lifeless. Over 14,000
lakes in Canada are acidified, with one in seven suffering biological
damage. In the United States, the Environmental Defense Fund has
identified 1000 acidified lakes and 3000 marginally acidic lakes; the
EPA has identified 552 strongly acidic lakes and 964 marginally acidic
lakes (French, 1990).

The Adirondack Mountains in New York and the mid-Appalachian
highlands contain many of the U.S. waters most sensitive to acidifi-
cation. It has been documented that 180 lakes in the Adirondack
Mountains have suffered loss of fish populations, acid rain being the
suspected cause (Webber, 1985). Other sensitive areas include Florida,
the upper midwest, and the high-elevation west.

The loss of fish occurs primarily in surface waters resting atop shal-
low soils that are not able to buffer, or counteract, acidity, most com-
monly in the northeast and mid-Atlantic regions. Acidification can be
chronic or episodic. Lakes and streams suffering from chronic acidifi-
cation have a constantly low capacity to buffer acids over a long period
of time. A national surface water survey conducted in the mid-1980s
found that more than 500 streams in the mid-Atlantic coastal plain
and more than 1000 streams in the mid-Atlantic highlands are chron-
ically acidic, primarily due to acidic deposition. In the New Jersey Pine
Barrens area, more than 90 percent of streams are acidic, the highest
rate in the nation. Many streams in that area have already experi-
enced trout losses due to the high level of acidity. Hundreds of lakes in
the Adirondacks have acidity levels unsuitable for the survival of sen-
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sitive fish species. Episodic acidification is the rapid increase in sur-
face water acidity resulting from large surges of nitrate and/or sulfate,
which typically occur during snowmelt or the heavy rains of early
spring. Preventing these surges in winter and early spring is critical
because fish and other aquatic organisms are in their vulnerable, early
life stages. Temporary, episodic acidification can affect aquatic life sig-
nificantly and has the potential to cause “fish kills” (U.S. EPA, 1999).

North American forests. Acid deposition, combined with other pollutants
and natural stress factors, can damage forest ecosystems. Damage could
include increased death and decline of Northeastern red spruce at 
high elevations and decreased growth of red spruce in the southern
Appalachians. In some cases, acid deposition is implicated in impairing
a tree’s winter hardening process, making it susceptible to winter injury.
In other cases, acid deposition seems to impair tree health beginning
with the roots. As acid rain moves through soils, it also can strip nutri-
ents from the soil and increase the presence of aluminum ions, which
are toxic to plants.

Long-term changes in the chemistry of some sensitive soils may
have already occurred. In some regions, nitrogen deposition in forests
can lead to nitrogen saturation, which occurs when the forest soil has
taken up as much nitrogen as possible. Saturated, the soil can no
longer retain nutrients, and they are leached away. Nitrogen satura-
tion has been observed in a number of regions, including northeastern
forests, the Colorado Front Range, and mountain ranges near Los
Angeles. This phenomenon can create nutrient imbalances in the soils
and roots of trees, leaving them more vulnerable to the effects of air
pollutants such as ozone, climatic extremes such as drought and cold
weather, and pest invasion.

European forests. Damage to forests has been extensive and well docu-
mented in Europe. As of 1988, 35 percent of Europe’s total forested area
was showing signs of damage (French, 1990). The German Waldsterben
problem has received widespread attention; 52 percent of forest trees are
affected. Damage costs for German forests are estimated at $3 to $5 bil-
lion per year over the next 70 years (French, 1990). Such wide-scale dam-
age to forests threatens the economies of affected countries through
losses in timber production and tourism.

Visibility. The pollutants associated with acid deposition also reduce
visibility. Visibility impairment occurs when particles and gases in the
atmosphere, including sulfates and nitrates, scatter and absorb light.
Visibility tends to vary by season and geography because it also is
affected by the angle of sunlight and humidity. High relative humidity
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heightens pollution’s effect on visibility because particles, such as sul-
fates, accumulate water and grow to a size at which they scatter more
light, creating haze.

Sulfate particles from SO2 emissions account for more than 50 per-
cent of the impaired visibility in the eastern United States, particularly
in combination with high summertime humidity. In the west, nitrogen
and carbon also impair visibility, and sulfur has been implicated as a
major cause of visibility impairment in many of the Colorado River
Plateau national parks, including the Grand Canyon, Canyonlands,
and Bryce Canyon.

The Interagency Monitoring of Protected Visual Environments
(IMPROVE) network monitors visibility primarily in the nation’s
national parks. Reductions in particulate sulfate, usually correlated to
visibility improvements, have been measured at 13 eastern IMPROVE
sites. It is still too soon to tell how much of these improvements can be
attributed to the Acid Rain Program (U.S. EPA, 1999).

Buildings. Sandstone, limestone, and marble structures are susceptible
to acid rain damage, including erosion, crumbling, and discoloration.
European countries are particularly affected by damage to structures of
historical and touristic value. Damage has been recorded to structures
and works of art in virtually every country, and is especially bad in
Greece and Italy.

Human health. The risks to human health from acid rain appear to be
both direct and indirect. Both sulfur dioxide and nitrogen oxides con-
tribute to respiratory diseases; some researchers estimate sulfur diox-
ide is responsible for 2 percent of the annual U.S. mortality (French,
1990). Indirectly, acid rain releases heavy metals from soils, which
then can find their way into the food chain through water and fish.

Policy options

The use of lime to buffer acid conditions in lakes, rivers, and soils has
shown some promise in temporarily improving conditions for plants and
animals in affected areas. Sweden has been liming lakes experimen-
tally since 1976, and has observed recolonization by fish and plankton
populations (Park, 1987). However, this cannot be considered a perma-
nent solution to acidification.

Because fossil fuel consumption releases the ingredients of acid rain
as well as carbon dioxide, the major greenhouse gas, energy policies to
reduce fossil fuel consumption will simultaneously limit both environ-
mental problems. However, additional strategies specific to sulfur diox-
ide and nitrogen oxides are required in order to reduce the amount of
these oxides released during the burning of fossil fuels.
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Allowance trading. Allowance trading is the centerpiece of the EPA’s
Acid Rain Program, and allowances are the currency with which com-
pliance with the SO2 emissions requirements is achieved. An
allowance authorizes a unit within a utility or industrial source to
emit 1 ton of SO2 during a given year or any year thereafter. At the end
of each year, the unit must hold an amount of allowances at least equal
to its annual emissions. However, regardless of how many allowances a
unit holds, it is never entitled to exceed the limits set under Title I of the
CAAA to protect public health. Allowances are fully marketable com-
modities. Once allocated, allowances may be bought, sold, traded, or
banked for use in future years. Allowances may not be used for compli-
ance prior to the calendar year for which they are allocated.

Through the market-based allowance trading system, utilities regu-
lated under the program, rather than a governing agency, decide the
most cost-effective way to use available resources to comply with the acid
rain requirements of the CAAA. Utilities can reduce emissions by
employing energy conservation measures, increasing reliance on renew-
able energy, reducing usage, employing pollution control technologies,
switching to lower sulfur fuel, or developing other alternate strategies.
Units that reduce their emissions below the number of allowances they
hold may trade allowances with other units in their system, sell them to
other utilities on the open market or through EPA auctions, or bank
them to cover emissions in future years. Allowance trading provides
incentives for energy conservation and technology innovation that can
both lower the cost of compliance and yield pollution prevention benefits.

Clean coal technologies. Several promising technologies are under devel-
opment. Most U.S. coal-fired plants continue to use low-sulfur coal rather
than these technological solutions.

1. The sulfur content of fuels can be reduced before burning by these
methods:
a. Washing with water can remove 8 to 15 percent of the inorganic

sulfur content, and it is inexpensive.
b. Chemical cleaning can remove 95 percent of inorganic sulfur and

50 percent of organic sulfur.
c. Coal can be converted to a gas or liquid fuel and sulfur removed

in the process.
d. Crude and gas oils can also be desulfurized.

All these methods but water washing add 10 to 25 percent to the cost of
energy production, making them less than optimal choices (Park, 1987).

2. Fluidized bed combustion removes sulfur from fuel at the time of
combustion by fixing it with lime. This new technology may be the
most promising option.
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3. Flue gas desulfurization removes sulfur gases from flues after burn-
ing, but before they are released. The dry approach recaptures the
sulfur so it can be sold. The wet approach (known as “limestone
scrubbing”) removes 70 to 90 percent of sulfur for an additional cost
of 8 to 18 percent, but produces sludge, which presents a disposal
problem. Only 30 percent of U.S. plants are fitted with scrubbers,
while the percentage of European coal-fired plants fitted with scrub-
bers ranges from 40 percent for Germany to 100 percent for the
Netherlands (French, 1990).

Nitrogen oxides. Nitrogen oxides are produced during combustion of
fossil fuels when air is introduced, and are not contributed by the fuels
themselves. The strategy for nitrogen oxides is therefore to minimize
the air present during combustion. In coal-fired plants, two-stage com-
bustion, modified burner design, and flue gas recirculation are possi-
ble options. In motor vehicles, catalytic converters are most commonly
used to reduce emissions.

International efforts

The year 1979 marked the beginning of initiatives in Europe to control
acid rain for the benefit of all European countries. In that year the
Long-Range Transport of Air Pollutants convention was signed by 35
countries. It was intended to be a statement of purpose, as opposed to
a legally binding agreement, about the seriousness of acid rain and a
commitment to cooperation in reducing emissions. The convention
came into force in 1983.

Despite this consensus about the validity of acid rain as a problem
and the necessity of reducing emissions, debate continued over how
emissions should be reduced and who should bear the cost. By 1985,
with damage evidence mounting from many countries, 21 had signed
a legally binding protocol document committing themselves to
reduce individual sulfur dioxide emissions 30 percent by 1993.
Fourteen countries signed a declaration of intent to support the
principle of emissions reductions. Both the United States and the
United Kingdom, as in the past, continued to withhold their support
for these efforts, asserting that the issue was too uncertain and
required more research. In 1986, the United Kingdom agreed to a 14
percent reduction by 1996 and, finally, with Title IV of the CAAA of
1990, the United States agreed to a 10 million ton reduction in
annual emissions of SO2 by 2010, which represents an approximately
40 percent reduction in anthropogenic emissions from 1980 levels
(U.S. EPA, 1995).

346 Chapter Thirteen

Contemporary Issues in Environmental Assessment

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



U.S. relations with Canada have also been strained in the past over
the issue of acid rain, due to U.S. reluctance to control emissions which
are affecting southeast Canada. It is estimated that 50 percent of acid
deposition affecting Canada comes from the United States, while only
15 percent of U.S. acid deposition is produced in Canada. Canada is
vulnerable to acid rain damage because a large area (the Canadian
Shield) is already acidic. This same area is economically important for
forests and recreational lakes. Canada’s dependence on the timber
industry makes preventing forest damage an urgent issue.

Acid rain and environmental assessment

Acid rain is another complex issue which may be examined in two
ways. Unless the purpose of the action being assessed is the reduction
of acid rain, it is an issue which should be discussed to the degree rel-
evant. If, however, the reduction of acid rain is a focus of the action,
then it becomes a national—or international—issue of the first mag-
nitude. Again, as with global warming, many proposed actions may be
seen to have some small aspect which is related to this question, espe-
cially if power generation or consumption is involved. The suggestion
is the same. Do not fail to mention the relationship, but don’t dwell
upon it beyond the degree to which it is relevant to the action being
assessed. It is easy to be drawn into a lengthy discussion of an ele-
ment, such as acid rain, which is not closely related to your real action.

13.3 Deforestation

Deforestation is intimately linked to carbon dioxide release, global
warming, acid rain, and extinction of plant and animal species.
Deforestation not only contributes to the greenhouse effect, but also
destroys the long-term ability of the land and forest resources to meet
human needs, and inhibits the development of viable local economies.
The extreme rate of extinction of plant and animal species due to loss
of forest habitat, more than 100 per day, would result in the loss of one-
fifth of species worldwide over a 15-year period (Postel, 1988). This
represents an irreversible loss of resources to the rest of the world, as
well as to the local peoples.

Forests are an important economic resource for some regions of the
United States. Any reduction in timber harvesting, no matter how jus-
tified on environmental grounds or even overall economic grounds, is
going to meet with strong opposition. Often, the very livelihood of a
large proportion of the regional population depends upon the timber
harvesting industry. The ultimate losses due to reduced aesthetic and
tourism values may be just as serious.
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Industrialized countries

In spite of these values, deforestation in industrialized countries is not
usually a major economic problem. Impacts on forests due to acid rain,
photochemical oxidants, overharvesting, and changed land use are not
well understood. Most industrialized countries are able to make the
necessary economic trade-offs and manage forest resources effectively.
Regional problems to control timber harvesting to a renewable level
are manageable, and some long-term policy options (as discussed later
in this section) can be developed to balance economic and environmen-
tal requirements.

Developing countries

Problems of deforestation in developing countries are serious, and
environmental and economic consequences significant. Of the world’s
annual carbon dioxide release due to deforestation, 40 percent is con-
tributed by tropical America, 37 percent by tropical Asia, and 23 per-
cent by tropical Africa. Five countries account for half of the total:
Brazil, Colombia, Indonesia, the  Ivory Coast, and Thailand (Postel,
1988). By the late 1980s, 45 countries around the equator that were
practicing aggressive forest clearing destroyed 20 to 40 hectares
every minute (Gradwohl and Greenberg, 1988). Clearing for crops,
fuelwood, cattle ranching, and commercial timber harvest destroyed
39 million acres annually (Postel, 1988). Fortunately, the pace of
deforestation seems to be slowing at the global level as well as in
developing regions: The estimate of forest cover change in developing
countries indicates an annual loss of 13.7 million hectares (Mha)
between 1990 and 1995, compared with 15.5 Mha between 1980 and
1990 (Marcoux, 2000).

Tropical deforestation is driven by poverty, national development
policies, and foreign debts. Much of this cleared land is unsuitable for
the monocrop agricultural practices being adopted, and is barren within
one to two crop seasons. Lands cleared for pasture may support live-
stock for only 5 to 10 years. Once forests are removed, rural people are
unable to meet their pressing need for fuelwood, and soil erosion, floods,
and drought become more severe. Forest regeneration on cleared lands
is largely unsuccessful due to the lack of natural seed, predators which
feed on the seeds and seedlings, and the hot, dry conditions of tropical
pasture land compared to the forest environment.

Brazil, the site of 30 percent of the world’s tropical forest area, alone
contributes one-fifth of the total carbon dioxide emissions from defor-
estation. Although the annual release has been estimated at 336 mil-
lion tons, 500 million tons of carbon dioxide were released in 1987
(Postel, 1988). Government programs are unfortunately responsible
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for most of this deforestation. Brazil’s current problems have roots in the
decision of the 1960s to provide overland access to Amazonia before there
was adequate understanding of the resources available and how they
could be developed in a sustainable manner.

Beginning in the 1960s, the Brazilian government undertook major
road-building programs to open the Amazon, followed by subsidized
settlement. In the 1970s subsidized programs for large-scale export
projects in livestock, timber, and mining were initiated; 72 percent of
the tropical forests altered up to 1980 were due to cattle-ranching
efforts. Despite subsidies and tax incentives, the supported livestock
projects have performed at only 16 percent of what was expected,
because cattle ranching in this environment is intrinsically uneco-
nomic (Mahar, 1990). The government also supports a policy that con-
siders deforestation as evidence of land improvement and thus gives
the tenant rights of possession, which can then be sold. In 1989, a pro-
gram was initiated which will end subsidies for new livestock projects,
and may support agroecological zoning for the country. Perhaps this is
an indication of more appropriate government policies to come in the
future. There are, however, powerful political and economic forces
within the country which are opposed to change.

Policy options

As discussed earlier, forestry management in developed countries, for
whom serious and ongoing deforestation is not a major problem, need
only to focus on some long-term market-economy-based policies.
Increasing total forested area and ending subsidies which support log-
ging are two policy options. For example, the 13 million hectares of
marginal U.S. cropland which have been set aside in the Conservation
Reserve Program, if reforested, could absorb 65 million tons of carbon
annually until the trees mature, reducing U.S. carbon emissions by 
5 percent (OTA, 1991). Federal subsidies of below-cost timber sales in
remote areas of national forests promote excessive timber cutting, cost
billions in the early 1990s, and should be discontinued (Wirth and
Heinz, 1991). Efforts to increase the productivity of forests and to
plant and manage trees as a renewable biomass energy source are oth-
er possibilities for U.S. policy. Some regional issues related to econom-
ic impacts of reduced timber harvesting are important and would
require creative, region-specific policy options.

Slowing deforestation in third world countries will require the finan-
cial and technical support of industrial nations to ease their interna-
tional debt burden and to assist them in developing sustainable
economies. Developing countries are encouraged by their debt burden
to exploit forests for quick economic gain. “Debt-for-nature swaps”
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were devised by the World Wildlife Fund science director Thomas
Lovejoy in 1984 as an innovative approach to this problem: A non-
governmental organization (e.g., The Nature Conservancy) purchases a
portion of the debt and then donates the debt instrument to the country’s
bank in exchange for environmentally appropriate action. Swaps of
millions of dollars contribute much needed funds for environmental
programs, but have little impact on national debts measured in tens or
hundreds of billions of dollars.

A policy option for developed countries may be to require industry to
make equal investment in reforestation whenever a carbon-emitting proj-
ect is undertaken. A joint venture between Applied Energy Services,
World Resources Institute, and CARE was planned to offset carbon emis-
sions from a coal-fired power plant in Connecticut with forestation in
Guatemala. Twelve thousand hectares of woodlot and 60,000 hectares of
combined trees and crops would be planted, to be harvested on a sustain-
able basis. Large-scale forestation programs are faced by the difficulties
of locating and financing the purchase of suitable land, and gaining coop-
eration from local governments. However, this project is relatively inex-
pensive ($16.3 million) because land would not be purchased and workers
and families to benefit from the planting would not be paid (Flavin, 1990).

13.4 Endangered Species and NEPA

The extinction of an entire species, especially when the cause is human
action (or inaction), is an event which evokes many emotions. Guilt is
a common feeling, as are shame, sorrow, and regret. In the words of a
widely quoted, but unattributable phrase, “Extinction is forever.” In the
United States, several approaches were made to dealing with this ques-
tion, starting relatively early in the period of environmental aware-
ness in the 1960s. The first act of Congress to use the term was the
Endangered Species Preservation Act of 1966 (PL 89-669, Oct. 15, 1966).
Its contents may best be termed a policy statement, which “encour-
aged” federal agencies to take precautions so as not to further erode
habitats of species found to be in danger of extinction, and it covered
only vertebrate animals. The Endangered Species Conservation Act of
1969 (PL 91-135, Dec. 5, 1969) added coverage of invertebrate animals
and specifically prohibited interstate commerce in illegally taken
species. Most importantly, it authorized the Secretary of the Interior to
identify species threatened outside the United States, and to prohibit
or limit import of these species or their products.

During this time, other proenvironment forces were extremely strong.
The Marine Mammal Protection Act (PL 92-552, Oct. 21, 1972) focused
on whales and other marine mammals, and provided protection for
“depleted populations” in addition to species in danger of total extinc-
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tion. In early 1973, an international convention, the Convention on
International Trade in Endangered Species of Wild Fauna and Flora
(CITES)—sometimes pronounced as a single word, as “sights” or 
“sy-tees”—developed a broad international agreement on restrictions
for the import and export of endangered species and their products.
Since this international treaty was stronger than existing U.S. law, new
legislation was needed. The Endangered Species Act (ESA) (PL 93-205,
Dec. 28, 1973) received extremely strong support from many environ-
mental organizations, was passed by both houses with little organized
opposition, and is the basis for the present regulations on threatened
and endangered species. One title of the ESA implements CITES. It has
been amended and reauthorized several times in the ensuing years.

CITES also lists endangered species in three categories: Appendix I
lists the most threatened species for which no commercial trade is
allowed and other trade only by permit; Appendix II lists species that
may become threatened in the near future for which commercial trad-
ing is allowed only by permit; and Appendix III allows countries to list
species unilaterally and require export permits. The United States
supports CITES by prohibiting imports of species taken in violation of
the convention. As its name would indicate, CITES is related to species
preservation through diminishing the trade value of products related
to endangered species. The Fish and Wildlife Service (FWS) is the U.S.
permitting agency for CITES species.

As a result of the ESA, several species such as the bald eagle, peregrine
falcon, brown pelican, and American alligator have been saved from
extinction, and the grizzly bear, gray wolf, whooping crane, and
California condor may be out of danger in the future. The ESA has also
broadened our approach to conservation from a focus exclusively on game
species to concern for all species. However, critics maintain that the FWS
is not taking its responsibility seriously, because recovery plans have not
been implemented for many species. Processing candidates is slow;
species have become extinct while waiting for listing (CEQ, 1990). On the
other hand, some feel FWS plans are too proscriptive.

Important aspects of the Endangered
Species Act

Within our context (i.e., the relationships between NEPA and the ESA)
only certain portions of the act are relevant. Some terminology becomes
important, as do some procedural steps required by the rules imple-
menting the act.

What is a listed species? The term listed species appears regularly
when examining NEPA documentation for actions where this issue is
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TABLE 13.1 Summary of Listed Species

Listings and Recovery Plans as of January 31, 2001

Endangered Threatened

Total 
species with

Total recovery 
Group U.S. Foreign U.S. Foreign species plans

Mammals 63 251 9 17 340 47
Birds 78 175 15 6 274 76
Reptiles 14 64 22 15 115 30
Amphibians 10 8 8 1 27 11
Fishes 70 11 44 0 125 90
Clams 61 2 8 0 71 44
Snails 20 1 11 0 32 20
Insects 33 4 9 0 46 28
Arachnids 12 0 0 0 12 5
Crustaceans 18 0 3 0 21 12

Animal subtotal 379 516 129 39 1063 363
Flowering Plants 564 1 141 0 706 554
Conifers and Cycads 2 0 1 2 5 2
Ferns and Allies 24 0 2 0 26 26
Lichens 2 0 0 0 2 2

Plant subtotal 592 1 144 2 739 584
Grand total 971 517 273* 41 1802 947

Total U.S. endangered—971 (379 animals, 592 plants).
Total U.S. threatened—273 (129 animals, 144 plants).
Total U.S. species—1244 (508 animals, 736 plants).
*Nine U.S. species have dual status.
SOURCE: U.S. Fish and Wildlife Service, http://endangered.fws.gov/wildlife.html.

relevant. Simply put, listed means that the species appears on the list,
or catalog, maintained by the Secretary of the Interior for species
which appear to be in danger across all or a portion of their range. The
term endangered is used if, in the opinion of the agency [Fish and
Wildlife Service (FWS) for terrestrial species and National Marine
Fisheries Service (NMFS) for marine species], the entire species is in
danger of extinction. The term threatened is applied when populations
are low enough that it appears likely that if no protection is offered,
the species will become endangered (i.e., threatened with extinction).
The provision for preendangerment listing is unique to the 1973 act,
and provides an important management tool to wildlife agency biolo-
gists (see Table 13.1). Some distinction may be made for wide-ranging
species, which may have different status in different portions of their
range. Both categories are “listed,” and the distinctions are relatively
minor in the NEPA context.
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Between 1990 and 2001, almost every category of species has shown
increases in listings. Most classes of animals have added about 50 per-
cent in that decade, but the number of listed plant species has tripled.
Why should this be? Have environmental changes been disproportion-
ately harsh on plants? It seems likely that it is the case that attention
was originally more focused on animal species, and examination of the
status of the numerous, lesser known, plant species has been some-
what delayed in comparison.

In the 30-plus years of the listing of endangered species (since 1967),
some species have been removed from this list. The reasons are hardly
encouraging, as shown in Table 13.2. Three of the recovered species
(the table includes species from all countries) are kangaroos (from
Australia), another three are birds from Palau, and another is the gray
whale. Thus, when considering conterminous U.S. species only, the
score becomes four recoveries and seven extinctions, almost 2 to 1 in
favor of extinction. This is not to say that the gains are without merit.
The four species are the American alligator, the brown pelican, and the
peregrine and Arctic falcons. Clearly, there are hundreds of species
remaining which are in clear danger of disappearance.

What is critical habitat? Once a species has been listed as endangered,
as described above, there may or may not be a concurrent designation
of a particular land (or water) area as habitat critical to the continued
survival of the species. Not every endangered species has been linked
with a corresponding critical habitat. In fact, only a minority of endan-
gered species have had such habitat identified. The reasons for this
are many and are the subject of a lengthy controversy within several
government agencies and between these agencies and outside envi-
ronmental advocacy organizations. In the NEPA context, proposing
activities within an area designated as critical habitat is controversial
and delicate in the extreme. It should be noted here that critical habi-
tat is not restricted to the area in which an endangered species is now
found, but includes that area deemed necessary for “conservation” (i.e.,
recovery) of the species. This distinction is not well understood among
many of the agencies with need for projects or actions near, but not
within, the present actual distribution of such a species.
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TABLE 13.2 Summary of Delisted Species

Reason for delisting Number of species

Species considered recovered 11
Species considered extinct 7
Taxonomy revised; no longer considered a separate species 7
New information found on other populations 5
Original listing found to be in error 1
Total number of species delisted 1967–2000 31
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Complying with Section 7 of the ESA

When most persons employed by those government agencies which
may propose construction and development projects recall the
Endangered Species Act, it is Section 7 of the act which they have in
mind. Applying exclusively to federal government agencies, it directs
them to ensure that the actions of the agency do not jeopardize any
listed species or destroy or alter any designated critical habitat. Under
the “consultation” provisions of this section, when a listed species (or
critical habitat) is present in the area of a proposed project or action,
it is mandatory to request a biological assessment* from the expert
agency (FWS or NMFS). In practice, the proponent is asked to provide
the expertise (and/or funding) to prepare this assessment. To avoid
lengthy delay in project completion, the proponent usually prepares
the assessment and delivers it, if the assessment shows any potential
for conflict with the listed species, to the FWS for consultation as
described below.

This assessment evaluates the likelihood that the proposed action
may adversely affect the listed species. The proposing agency may con-
duct (or contract for) its own studies, and present them for evaluation.
In practice, this is regularly done to assist in speeding the evaluation
process. If the conclusion of the biological assessment is that the pro-
posed action is likely to jeopardize the continued existence of the species
(or will adversely affect a critical habitat), then “formal consultation”
with the wildlife agency must be initiated. During this consultation, the
ESA requires the best and most current data and procedures to be uti-
lized in study of the situation. Consultation is discussed in the NEPA
context below.

Complying with Section 9

When members of the general public recall the ESA, it is likely that
they have one or more of the provisions of Section 9 in mind. This sec-
tion prohibits, among other actions, (1) the import or export of endan-
gered species and products made from them, (2) commerce (within the
United States) in listed species or their products, and (3) possession of
unlawfully acquired endangered species. Unlike the provisions of
Section 7, these provisions apply to all persons within U.S. jurisdic-
tion. The primary prohibition within Section 9 is against “taking” of
endangered wildlife. Originally, the colloquial meaning of this term
implied capture or killing of the animal. The act, however, defines take
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context of NEPA.
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in broader terms: to “harass, harm, pursue, hunt, shoot, wound, kill,
trap, capture, or collect, or to attempt to engage in any such conduct”
[16 USC 1532(19), emphasis added]. While the provisions of this sec-
tion are of broad general importance in commerce, government agen-
cies normally are not involved in actions which violate them. One
exception will be discussed below.

NEPA compliance with the ESA

Which has priority, NEPA or ESA? Many persons have seen conflicts
between the provisions of the Environmental Policy Act and the provi-
sions for protection of endangered species. As with so many complex
situations, the actions required are intertwined. One step is taken
under one act, to be followed by a step under the other. Both must be
complied with fully. Neither has “priority” in the strict sense of the
word. The process one must generally follow is outlined below.

Planning the project or action. When general project planning is initiated
or, at the latest, when public scoping procedures are undertaken, it must
be identified whether or not there is any possibility that an endangered
species or critical habitat is present within the area affected (or influ-
enced) by the action. This is a “must ask” question for every proposed
activity which involves outdoor aspects. Don’t be satisfied with a sim-
plistic negative, such as “I have never heard of any in the area,” espe-
cially when the person quoted is not an authority. Undertake to ask
experts, including, at a minimum, representatives of the U.S. Fish and
Wildlife Service and the (state) Natural Heritage Program. This is a form
of public involvement. If listed species are present, then the input of the
appropriate wildlife agency, usually the FWS, may not be avoided.

It is at this stage when internal versus external agency imperatives
usually first arise. If the internal ego commitment among your agency
planners and administrators is well developed, and they feel the pro-
posed project or action is vital to agency interests, there is a strong
tendency to proceed full speed ahead, trusting that a solution to the
problem of this “insignificant” little animal may be found somewhere,
later in the process. There have been a few cases where this has been
true. At the very least, however, a lengthy, costly, and controversial
battle will be joined. For many, if not most, agencies at this time,
there is simply no desire to join in a heated conflict which pits them
against another federal agency (the FWS), numerous environmental
activist groups, a large segment of the public, and many members of
Congress. Even if your agency eventually prevails, any victory may be
pyrrhic.
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Case study 1: The Tellico Dam and the snail darter. In the classic exam-
ple of this struggle, the Tennessee Valley Authority had, 
in 1975, partially constructed, but not closed, the Tellico Dam. The 
history of the authorization and justification of the project was
extremely controversial for many decades, due to economic and polit-
ical disagreements (Wheeler and McDonald, 1986). During the con-
struction phases, outside scientists determined that a minnow-sized
fish, the snail darter, was a rare, distinct species, known at that time
only from one small stream which would be destroyed in allowing the
reservoir to fill. The snail darter was proposed for listing as an endan-
gered species and was subsequently listed. More than $50 million had
already been expended on the project. The FWS found that the project
was likely to endanger the existence of the entire species, and moved,
under the ESA, to stop construction. The Supreme Court upheld the
application of Section 7 of the act, finding no grounds for an exception.
In partial response, Congress did create a special committee (popu-
larly called the “God squad”) with authority to allow exemptions to
Section 7 if there were extremely extenuating circumstances. In this
case, the special committee voted not to exempt the Tellico project
from the ESA. The fact that construction was more than 50 percent
complete before the species was even recognized by science was con-
sidered adequate extenuation by many supporters in Congress, and
the Tellico Dam was allowed to be completed through amending
another appropriations bill. In a biological footnote, it may be noted
that the snail darter was transplanted to several other locations,
where it survives, and that other natural locations were found in later
years. The species was not actually made extinct by the completion of
the reservoir.

What is the “taking” of a species?

The popular concept of the taking of a species (i.e., killing or captur-
ing) is only rarely the direct object of a proposed action which is the
subject of NEPA documentation. In other circumstances, however, the
issue of taking has often become much more complex, and may indi-
rectly result from proposed federal agency actions. Broadly construed,
the principle is that actions which affect habitat required for the con-
tinued existence of a species, even though not designated as critical
habitat, may be called “taking” under Section 9 of the ESA. In a series
of cases involving (largely) state fish and game agencies, several prin-
ciples have been developed in case law under this section. One is that
habitat modification must be shown to be harmful to the entire
species, even though no individual deaths need be cited. While it is not
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clear that this was specifically envisioned by the drafters of the act,
the term harm, when applied to habitat changes, must be examined
with care when planning your action.

Preparing the environmental documentation

Assuming that the initial investigations show some possible interac-
tion, but no irrevocable conflict, with respect to a listed species, prepa-
ration of the EA or EIS must include interaction with the FWS (or
NMFS). While the provisions of Section 7 call only for the preparation
of a biological assessment, and a request for consultation if necessary,
there is normally no reason why the FWS may not be asked for guid-
ance and advice early in the process. During the formulation of the
alternatives, the possible interaction with the listed species (or critical
habitat) must be evaluated before lengthy and costly commitments are
made. In fact, it is specifically prohibited under the ESA to make “irre-
versible or irretrievable” commitment to any course of action which
would preclude any alternative prior to receiving a biological opinion
from the wildlife agency [16 U.S.C. 1536(d)].

It is normal, in the preparation of environmental documentation
where listed species are involved, that only the characteristics of the
preferred alternative are presented to the wildlife agency with a request
for an opinion. There are, however, circumstances where this may not
be possible. With the consent of the wildlife agency, a range of possible
actions may be submitted with the biological assessment. This may
occur when the proponent is able to identify several possible ways to
complete agency goals, and needs to know whether the accommodations
required by the biological opinion will make one option more practical or
significantly less costly than another. In other words, instead of fixing
on a course of action before requesting an opinion, the terms of the opin-
ion, if they differ among the options, become one of the final steps in the
decision-making process. This would appear to be totally in the spirit of
NEPA, incorporating environmental considerations at all stages of the
planning process.

Present areas of controversy

It is clear that many of the almost irresolvable conflicts between listed
species and proposed federal agency actions are intimately related to eco-
nomic factors. The $50-plus million which had already been sunk in the
Tellico Dam weighed extremely heavily in the considerations which fol-
lowed. Many persons who were less than committed to the principles of
the act felt that the “wasted” dollars, alone, were more than enough jus-
tification to allow the project to be completed. While the fate of these
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species at the brink of extinction is of extreme importance to many envi-
ronmentally aware persons, a very large number of supporters may be
persuaded that costs and jobs are more important in the long run. The
listing of the spotted owl in 1990, which effectively protected 8.4 million
acres of old growth timber in the northwest, has been a subject of con-
troversy since 1986. Vigorous protest was made by the logging industry,
which claims that the economic effect of this restriction is unduly severe
and would eliminate 131,000 jobs related to wood products; other esti-
mates set the loss of jobs at 30,000. See Case study 2 for a summary of
the northern spotted owl question. However, 60 to 90 percent of all old
growth forests in the region has already been logged; the remainder will
be gone in 30 years if present rates continue (Arrandale, 1991).

Case study 2: The northern spotted owl and its critical habitat. In 1989,
the Secretary of the Interior was sued by a coalition of environmental
activist groups to designate the northern spotted owl an endangered
species and, further, to designate as its critical habitat “old growth
forests in the Pacific Northwest.” The species was subsequently found
to be endangered. The real controversy arose when it was realized
that, if the entire area of “old growth” forest was determined to be a
critical habitat, logging activity in the area would have to be severely
curtailed. This, in turn, led to loss of employment for loggers and
truckers, sawmill workers, and other persons whose jobs depended
directly or indirectly on exploitation of such old growth timber. The
exact numbers of jobs lost which were directly attributable to the spot-
ted owl were a matter of extreme disagreement. Forest workers were
inclined to say that all unemployment was due to this “insignificant
bird,” and put the number at 30,000 to 100,000. Others suggest that
automation in the processing sector and the general economic down-
turn, especially in housing construction, accounted for almost all jobs
that were lost, and put the number of jobs lost due to the spotted owl
at no more than 3000. Whatever the numbers, almost all unemployed
(and underemployed) forestry workers in northern California, Oregon,
and Washington believed their social and economic trouble was caused
by “outside agitators” who “had more concern for owls than for people.”
This is always extremely difficult to balance, and in 1992 the Special
Committee (“God squad”) eventually approved rules allowing some
harvests to continue. Predictably, environmental activists protested
that far too much logging was allowed, while timber interests protest-
ed that far too few areas were opened.

In still other actions in the northwest, petitions have been made to
list five species of salmon, which would curtail fishing and require
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major changes to the operations of dams in the region. Electric utili-
ties claim that rates would rise 33 percent and thus hamper industrial
development (Arrandale, 1991). FWS recovery plans for the wolf
included reintroducing animals to Yellowstone Park, where they would
also help control herds of bison and elk. Plans for reintroduction were
delayed from the early 1980s to 1995 due to protest from ranchers and
sheep growers who maintain that wolves endanger their livestock on
adjacent lands (Cohn, 1990; National Wildlife Federation, 1995;
USFWS, 2000). An exactly similar set of concerns were raised in 1999
and 2000 over the reintroduction of the Mexican gray wolf into the
Gila Wilderness in New Mexico (USFWS, 1999; Defenders of Wildlife,
2000). Conflicts have also arisen over listing the southwestern desert
tortoise, the Florida panther, the Louisiana black bear, sea otters in
California, and red squirrels in Arizona.

Listed species and NEPA documentation

First and foremost, the presence or absence of listed species must be
absolutely, positively verified during early project planning. If present,
the possible effects of the implementation of the action on the species
or its habitat must be documented. Further, the cognizant agency
(FWS or NMFS) must be consulted during the EIS process. This is not
optional. It is required by both NEPA and the ESA. The omission or
deferral of this step will, inevitably, lead to adverse consequences. The
FWS and NMFS are extremely careful to examine proposed actions
thoroughly when listed species are involved in any manner. The
assessment which they must provide should become a part of a draft
EIS, and a formal biological opinion must be prepared before the pro-
posed action may be initiated. If an opinion is available prior to com-
pletion of the EIS, it should be included as an appendix. If the
biological assessment leads to a “jeopardy opinion” (i.e., the FWS
decides that the proposed action would jeopardize the continued sur-
vival of the listed species), this may be considered a fatal flaw in the
proposal. Barring original Congressional action, the agency should
always redesign either the project or the mitigation measures so that
a violation of the Endangered Species Act does not result.

Failure to consider listed species or critical habitat may also lead 
to an assessment with a fatal flaw. It is not always adequate to rely on
second- or third-party opinions in this respect. In the past, one fre-
quently saw the phrase “not known to occur in the area” when dis-
missing concerns about listed species. Original surveys are now
frequently required in cases where existing information is incomplete.
Plan for these surveys, if necessary, and allow time and money to com-
plete them.
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13.5 Biodiversity

The term biodiversity suggests what it means without extensive inter-
pretation: the diversity of biota. It became accepted in the last quarter
of the twentieth century that biodiversity is a good thing; that it is a
characteristic of healthy ecosystems; that its loss is, per se, a negative
characteristic; and that its maintenance and/or recovery are a goal
toward which planners and managers should strive. It thus represents
an idealized concept, a concept which has become an element in envi-
ronmental assessments. Just what is biodiversity, and how does it
interact with some closely related topics, such as endangered species?

What is the problem?

Ecologists believe that the stability and vigor of life on earth depend
on biological variation (i.e., the presence of variety in types of ecosys-
tems, species, and genes, as well as in their relative frequency).
Genetic diversity refers to variety in genes of individuals and popula-
tions of the same species. It may be considered proven that genetic
diversity is necessary for successful adaptation to changing conditions.
Species diversity refers to variety in the types of organisms which
inhabit an ecosystem. Theory suggests that the existence of some vari-
ety among these organisms is also desirable, also in terms of success-
ful maintenance of the system in the face of changing conditions. This
aspect of diversity is somewhat less thoroughly proven than that for
genetic diversity. Ecosystem diversity refers to variety in ecosystem
types, such as grasslands, woodlands, and wetlands. An ecosystem is
an array of plant and animal communities and their physical setting
functioning as a unit through interdependent relationships.

The evolution and extinction of species is always occurring as a reg-
ular process of nature. The lifeforms existing today represent perhaps
2 percent of all species which have ever existed on earth. Gene muta-
tion occurs spontaneously, and this new genetic variation provides the
“raw material” which allows new species to develop through natural
selection. Lack of diversity in and within the genes of a species makes
it more vulnerable to extinction by limiting the number of revised
genetic combinations available to respond and adapt to change.

Approximately 1.7 million current species have been identified and
named. Estimates of the total number of species in existence ranges
from 3 million to 30 million, with 10 million most often suggested
(OTA, 1987). Two-thirds to three-quarters of the earth’s species are
found in moist tropical forests, habitats which have been among the
least studied. La Amistad National Park in Costa Rica, for example,
has more bird species than the North American continent. It is
assumed that such diverse areas are “healthy” in terms of biodiver-
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sity. Six-tenths of the world’s species are insects, and one-sixth to one-
thirtieth are plants (the exact number of either is, as yet, unknown).
Other animal species make up the remainder (Rohlf, 1989).

By extension, healthy ecosystems may also be said to perform a vari-
ety of functions: soil building; erosion control; nutrient cycling; carbon
storage; hydrological regulation including moderating streamflow, fil-
tering water, and controlling flooding; waste disposal; pest manage-
ment; maintenance of atmospheric quality; and regulation of climate.
Changes in any component species or physical characteristics of an
ecosystem affect the functioning of the ecosystem, causing repercus-
sions and adjustments elsewhere in the system. As changes become
more severe, they cause ecosystems to malfunction and eventually con-
vert irreversibly to some other type of environment. The removal of
forest trees in the tropics is an example; cleared forest land is degraded
by soil erosion, loss of soil nutrients, heat, and drought, which lead to
severe physical changes, and further loss of other, understory species.
Because biodiversity is required for the functioning of ecosystems
upon which human life depends, maintenance of biodiversity is essen-
tial for the support of those human populations tied to them. In many
quarters, this loss assumes the character of a moral responsibility.

In addition to maintaining the balance of nature, which supports
some human life activities indirectly, biodiversity also provides a
storehouse of resources to directly meet human needs. Some products
are harvested, such as fish and timber. The harvest of wild marine
species totals $14 billion annually (CEQ, 1990). Wild plant species pro-
vide genetic material for plant breeders to develop desirable charac-
teristics in domesticated crops, contributing 50 percent of the
productivity increases and $1 billion annually to U.S. agriculture.
Wild green tomatoes from Peru have contributed genes for increasing
tomato pigmentation and soluble solids content worth nearly $5 mil-
lion annually to the industry (OTA, 1987). It is worth noting that many
third world countries are requesting “exploration fees” for the rights to
survey wild populations for useful genes. Wild species also provide
compounds from which pharmaceuticals are developed. Approximately
25 percent of prescriptions sold in the United States contain active
plant components (OTA, 1987). Alkaloids from the rosy periwinkle
flower used in the treatment of Hodgkin’s disease and childhood
leukemia are just one example. The use of derivatives from the bark of
the Pacific yew to treat ovarian cancer caused great concern that the
species would become extinct due to overgathering in 1991 and 1992.
There are thus seen to be “undiscovered” values directly important to
humans in these diverse, undisturbed ecosystems.

Functioning, biologically diverse ecosystems also provide some 
economic benefits through recreational hunting and fishing, other 

Contemporary Issues in Environmental Assessment 361

Contemporary Issues in Environmental Assessment

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



outdoor recreation, tourism, and the opportunity to view wildlife in its
natural habitat. Wild habitats adjacent to agricultural areas provide
food, cover, and breeding sites for crop pollinators and pest predators.
For example, brambles adjacent to grape fields house alternate food
sources for wasps, saving grape growers $40 to $60 per acre in reduced
pesticide costs (OTA, 1987), Finally, many Americans feel that lifeforms
have intrinsic value, unrelated to their immediate or direct relevance to
human needs, and that we are ethically bound to preserve them.

Although extinction of species is a natural process, the current rate
of extinction is far higher than the rate of evolution for new species.
Because a complete inventory of the earth’s species has not been made,
it is not possible to accurately estimate the current worldwide rate of
loss. Edward O. Wilson estimates the global loss rate at one species
lost per hour (Wilson, 1991). Norman Myers predicted that with
increasing pressure from population growth and development, the
global rate by 2000 would be 100 species per day (Rohlf, 1989). During
30,000 years of the Pleistocene Era, including the last ice age, 50 mam-
mal and 40 bird species were lost in North America. Since 1620, in the
same area, over 500 species have been lost (Rohlf, 1989). The loss of
species is only one part of the larger loss of biodiversity; species extinc-
tion is an indication of malfunctioning ecosystems, and we are also los-
ing ecosystems at a rapid rate. Old growth forest and tallgrass prairies
once defined the U.S. landscape, but as of 1990, 98 percent of both
these ecosystems had been lost, and less than one-half of U.S. wet-
lands still remain (Arrandale, 1991).

In the past centuries, overexploitation of such marketable species as
the bison and passenger pigeon was an obvious primary cause of species
loss. These were exceptions. Most species loss has always been due to
the modification or destruction of habitat. The loss has been by means
of introduction of alien species, clearing of forests, draining of wetlands,
livestock grazing, introduction of the monoculture of agricultural crops,
construction of buildings and transportation systems, and, finally,
through pollution. Species loss in developing countries is proceeding at
an alarming rate due to all of these causes, with tropical deforestation
being the most obvious. Poaching and illegal trade severely threaten
specific species such as the African elephant and rhinoceros.

The primary policy tool to address loss of biodiversity in the United
States is the Endangered Species Act (ESA), passed in 1973. See
Chapter 2 regarding the ESA, and see Section 13.4 for a more extensive
discussion of endangered species per se. The core of the ESA is the list-
ing of species as endangered (in immediate danger of extinction) or
threatened (likely to become endangered). The National Marine
Fisheries Service (NMFS) is responsible for listing marine animals.
Other animals and plants are listed by the Fish and Wildlife Service of
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the Department of the Interior. A total of 1244 U.S. species are now list-
ed federally, with many candidates under evaluation. An additional 550
species are also listed by other countries, bringing the total listed
species to about 1800 (see Table 13.1). It must be noted that the ESA
does not directly address the issue of the biodiversity of a habitat or of
an ecosystem. It addresses only single species and their defined (mini-
mum) habitat requirements. As a primary tool, it is thus rather indirect.
Ecological biodiversity per se is not addressed as a goal of the ESA.

Nongovernmental efforts

The Nature Conservancy (TNC), a private, nonprofit group in existence
since 1951, has promotion of biodiversity as a major purpose for its
existence. The group purchases and manages ecologically significant
land tracts, and now owns the largest private sanctuary system in the
world,With over 12 million acres in the U.S. (TNC 2001). TNC has ini-
tiated natural heritage programs with the states to list the species pre-
sent in each; these are on the web page for the association for
Biodiversity Information at http://www.abi.org. Many other programs
involve a mixture of private and governmental effort. Here the gov-
ernmental component is considered incidental to the ecological biodi-
versity issue. These “offsite” programs have proven rather effective, in
certain instances, in saving and restoring species in immediate dan-
ger, and preserving genetic resources. Offsite methods, sometimes
called “rescue” biology, include seed storage, in vitro culture, living col-
lections, embryo transfer, botanic gardens, zoological gardens, field
collections, captive breeding programs, seed banks, embryo banks,
microbial culture collections, and tissue culture collections. The breed-
ing of the California condor in captivity led to the 1992 release of
young condors into their original habitat. Activities which take place
outside the habitat in question are called offsite.

A botanical example of an offsite program is the National Plant
Germplasm system run by the Agricultural Research Service of the
U.S. Department of Agriculture, which has a collection representing
230,000 species for plant breeders and researchers. Similar institutes
devoted to rice, wheat, and potatoes are located in the Philippines,
Mexico, and Peru, respectively. These programs thus preserve some
examples of commercially valued biodiversity in a sort of botanical
“zoo.” The varieties are available for genetic research even though they
may, in the future, become extinct in their natural habitat.

International context

Considerable effort toward implementation of biodiversity goals has
been made in other countries by TNC. Its international program has
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cooperating groups, private or public, in more than 40 countries outside
the United States. As within the United States, TNC seeks to protect
critical habitats through government action, private agreements 
with landowners, or purchase, as appropriate. Certain provisions of 
other U.S. legislation do go beyond the ESA, and mention biodiversity 
as a goal. The Lacey Act, amended in 1981, also supports the efforts of
other nations in their conservation, and the Foreign Assistance Act 
of 1983 makes conservation of biodiversity one of several objectives of
that U.S. assistance carried out by the Agency for International
Development. The 1990 Neotropical Migratory Bird Conservation Pro-
gram is intended to protect 200 songbird species by preventing habitat
losses in the United States and Latin America. The 1986 North American
Waterfowl Management Plan was signed by the United States and
Canada to protect and restore 5.5 million acres of wetland habitat for
waterfowl. All these acts recognize biodiversity as a goal.

The International Union for Conservation of Nature and Natural
Resources (IUCN) is an important international organization within the
United Nations structure representing governments, nongovernmental
organizations, and research institutions. It strongly promotes the pro-
tection of biodiversity. Its Conservation Monitoring Centre prepares
“Red Lists” and “Red Data Books” which list endangered species and
provide information about their habitats and status. Biodiversity is also
promoted by the United Nations’ Man and the Biosphere Program.

Major unanswered questions

The biodiversity policy issues of current concern include the need to
manage at the ecosystem level rather than the species level; the need
for a national, integrated plan to address biodiversity; and the need for
complete research data about species and ecosystems. It is clear that
preservation on the ecosystem level is more effective and appropriate
than scattered efforts to protect individual species, although some
individual species also require focused attention. Of the 261 ecosystem
types in the United States, only 104 are represented in the wilderness
system, and most reserves are too small to provide enough diversity to
maintain the species present. Wetland areas particularly require pro-
tection because they are habitat for 35 percent of U.S. endangered
species.

A small preserve within an area of development is essentially an
island, with small insular populations that lack the genetic flexibility
to cope with change, and inbreeding promoting undesirable traits.
Preserve areas should be buffered with zones of limited development,
and linked to other ecosystems with undeveloped corridors. An inte-
grated approach is required which coordinates the activities and pro-
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grams of all types of landowners within a regional ecosystem. The
Greater Yellowstone Coordinating Committee is an example of regional
ecosystem management; the entire ecological region encompasses 
19 million acres, including the park of 2.5 million acres surrounded by
national forests, Bureau of Land Management holdings, FWS hold-
ings, state holdings, and private holdings (CEQ, 1990). With a similar
motivation for regional management, TNC started a campaign to pre-
serve 150 large, basically intact areas by combining their own holdings
with public lands.

The Office of Technology Assessment (OTA) reports that our current
legislation to address biodiversity is ineffective because it is piecemeal,
and recommends passage of a National Biological Diversity
Conservation Act which would state the conservation of biodiversity as
a national goal, define a national strategy, and eliminate duplication
and conflict in existing programs (OTA, 1987). The Bureau of Land
Management and the U.S. Forest Service manage 47 percent of the
federal estate, 343 million acres, under a multiple use mandate. DOD
manages 18.7 million acres of wildlands, and DOE manages 2 million
undeveloped acres. There is often controversy over the land use of
these departments, and their management objectives do not always
coincide with diversity. The national parks have dual mandates for
recreation and conservation, and game and timber management objec-
tives favor selected species. OTA recommends that these agencies
receive directives to manage in accordance with biodiversity conserva-
tion. OTA also finds that existing programs are hampered by limited
funding. Congress has proposed amending NEPA to require applica-
tion of new explicit biodiversity standards in preparing and reviewing
future EISs, but has never passed such an amendment.

Addressing biodiversity is also hampered by lack of complete and
accurate information. There is no comprehensive list of species or ade-
quate information about their habitat and biology. There is no listing of
communities or scientific scheme for naming and cataloging communi-
ties. There are gaps in our knowledge of the links between ecosystems
and landscape processes, and of species interaction in ecosystems.
Information about land management strategies to preserve diversity is
lacking. Furthermore, the information which exists is scattered in var-
ious institutions. OTA recommends the establishment of a clearing-
house for biodiversity information, and increased funding for research
and public education.

Environmental assessment and biodiversity

As presented above, it may be seen that biodiversity is a potentially
controversial issue, though one which has no defined answer in most
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instances. What does this mean for preparers of environmental assess-
ments? First, there is seldom likely to be a clear answer unless the 
site has previously been studied for decades. It is more usual that 
biodiversity becomes a suspected outcome whenever “natural” habi-
tats are to be seriously disturbed. It is also an issue which will become
a concomitant consequence to be presented whenever an endangered
or threatened species is involved. It is related to endangered species,
but is a separate issue in the minds of the scientific community. The
authors believe that it is one which should be discussed when major
land-disturbing actions are assessed, but one with which it will be very
difficult to come to closure. Nobody has ever proven that any single
action has resulted in an unacceptable loss of biodiversity, but each
action may become part of a cumulative effect. Biodiversity thus
becomes both controversial and cumulative, with no “solution” likely to
be acceptable to many members of the scientific community.

During the 1990s, worldwide interest in biodiversity grew explo-
sively. As one example, an Internet search in early 2001 for web pages
related to the topic returned more than 50,000 pages with a United
States focus, and more than 330,000 when the search was refocused
worldwide. More than 100 organizations have taken an interest in the
topic, and many were created specifically to further research and dis-
cussion about biodiversity and related issues. Some of these are the
Association for Biodiversity Information, Arlington, Va., the Missouri
Botanical Garden, St. Louis, Mo., and the World Resources Institute,
Washington, D.C. Each of these has a web site devoted to the topic,
with links to scores of other organizations with similar interests. This
may be the best way to determine if your project site is currently of
special interest to a biodiversity-related interest group. Again, this
becomes a special form of scoping and/or public participation, one for
which great sensitivity is recommended.

13.6 Cultural Resources

When NEPA was originally examined, a majority of the attention of gov-
ernment agencies was directed toward the requirements of Section 102,
which contains the requirement to prepare environmental assessments
and impact statements. The often-quoted words of Section 102(2)(C),
which begin “Include in every recommendation or report on proposals
for legislation and other major Federal actions significantly affecting
the quality of the human environment, a detailed statement…” (see
Appendix A) were not originally interpreted to include aspects of the
social, cultural, and economic environment. Examination of Section 101
of the act, however, finds two separate references to considerations
which relate to cultural resources. The wording of Section 101(b)(2), “[to]
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assure for all Americans safe, healthful, productive and esthetically and
culturally pleasing surroundings” and of Section 101(b)(4) “[to] preserve
important historic, cultural and natural aspects of our national her-
itage…” certainly show that Congress had not intended to ignore this
type of consideration.

In fact, several years before NEPA, Congress had passed the National
Historic Preservation Act of 1966 (NHPA) (Public Law 89-665; 16 USC
470 et seq.). In the declaration of policy in Section 2, the act provided,
among others, that “It shall be the policy of the Federal Government, in
cooperation with other nations and in partnership with the States, local
governments, Indian tribes, and private organizations and individuals
to (1) use measures, including financial and technical assistance, to fos-
ter conditions under which our modern society and our prehistoric and
historic resources can exist in productive harmony and fulfill the social,
economic, and other requirements of present and future generations; (2)
provide leadership in the preservation of the prehistoric and historic
resources of the United States and of the international community of
nations” [(PL 89-665, Section 2 (1) and (2)].

Note that none of this wording specifically mentions the environ-
mental impact assessment process—remember that it antedates
NEPA—although its status as a relevant consideration cannot be
questioned. The converse is also true. NHPA has its own assessment
process. Many decisions which do not require NEPA consideration will
require the application of one or more provisions of NHPA and its
implementing regulations (36 CFR 800). Further, meeting the require-
ments of one does not, automatically, assure compliance with the 
other. While the NHPA is, and will likely remain, the basis of most cul-
tural resource consideration and rule making, other legislation, such as
the Native American Graves Protection and Repatriation Act of 1990, is
also influencing the assessment of environmental consequences of many
federal projects and programs.

What are cultural resources?

In the strict definition of the term cultural, it would appear that
almost any element which relates to our culture, or any culture, would
qualify for examination. In practice, the scope is somewhat more lim-
ited. First, the term has come to mean the sum of historic, archaeo-
logical, Native American, and other resources which antedate modern
American culture (generally 1950, with some exceptions). The term
historic resource, considered synonymous with historic property, is
defined as “…any prehistoric or historic district, site, building, struc-
ture, or object included in, or eligible for inclusion in, the National
Register; such term includes artifacts, records, and remains which are
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related to such a district, site, building, structure, or object” (ACHP,
1989). Thus a historic property does not refer strictly to a building, as
is commonly believed, but has a much wider definition. The inclusion
of the phrase “or eligible for” also has significance in practice, since it
means that a property need not have been formally listed or nominat-
ed for inclusion in the National Register of Historic Places to be pro-
tected under the terms of the NHPA.

What is our responsibility under NHPA?

Broadly speaking, the holders of U.S. government property have two
responsibilities under the NHPA. First, there is an explicit require-
ment to take into account the effects of overt actions, such as con-
struction, remodeling, demolition and excess of the property, on those
historic properties held. Note that, as discussed above, the “proper-
ty” may be an archaeological site—even an undiscovered site—in
addition to a building. Nor does it have to be “listed” (i.e., in the
National Register) to be considered—just be eligible for listing.
Second, there is also a requirement to survey these holdings to dis-
cover what may not be known already and to nominate eligible sites
to the National Register. These two responsibilities derive from
Sections 106 and 110, respectively, of the NHPA, and will be dis-
cussed in that relationship.

Section 106 responsibilities. The wording of Section 106 of the NHPA,
as amended, requires the following (16 USC 470f):

The head of any Federal agency having direct or indirect jurisdiction over
a proposed Federal or federally assisted undertaking in any state and the
head of any Federal department or independent agency having authority
to license any undertaking shall, prior to the approval of the expenditure
or any Federal funds on the undertaking or prior to the issuance of any
license, as the case may be, take into account the effect of the undertak-
ing on any district, site, building, structure or object that is included in or
eligible for inclusion in the National Register. The head of any such
Federal agency shall afford the Advisory Council on Historic Preservation
established under Title II of this Act a reasonable opportunity to comment
with regard to such undertaking.

How does one go about providing this “reasonable opportunity”? In
fact, the 2001 regulations which implement Section 106 (36 CFR 800)
are far more specific, especially with regard to minimizing potential
for adverse effects on historic properties. As with endangered species,
a consultation process is mandated. The main parties to this consulta-
tion are the proponent agency and the State Historic Preservation
Officer (SHPO). The anticipated outcome of this consultation may be a
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Memorandum of Agreement (MOA) in which the agency and the SHPO
mutually agree on what steps will be taken to maintain, preserve, or
mitigate adverse impact to the historic aspects affected. The MOA is
then reviewed by the Advisory Council on Historic Preservation
(ACHP), an independent agency founded under the NHPA for this pur-
pose. If the agency and the SHPO agree upon the conditions of the
MOA, the ACHP normally accepts the terms. It may, however, request
changes or prepare an independent evaluation, which the agency is
then obligated to consider. This process is outlined in Fig. 13.1. If infor-
mal consultation reveals no impacts to resources, an MOA may not be
required.

Normally, the “undertaking” means a new proposal or project, such
as construction. This may affect historic properties in four ways. First,
a historic structure may be proposed to be remodeled or otherwise
modified. Second, a register-eligible structure may be proposed to be
demolished to make way for the new project. Third, the soil of the
site—even under pavements and buildings—may contain historic or
archaeological sites which are not visible. Fourth, the proposed con-
struction site may be within a historic district or other area where the
character of the district will be adversely affected by new construction,
especially that of a design not consonant with the style of the district.
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1.  Develop plans and alternatives

2.  Identify historic properties affected

3.  Consult with SHPO

4.  MOA with actions for preservation

5.  Review by ACHP

Figure 13.1 The Section 106
review process. (This figure is
modified from Figure 1, p. 2 of A
Five-Minute Look at Section 106
Review, ACHP, 1986 and 1989,
and from Figure 1, p. 16 of
Section 106, Step-by-Step, ACHP,
1986.)
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All four possibilities must be considered in every proposed action.
Many planners are aware of the first two problems; few consider the
third and fourth, especially if no obvious, aboveground historic struc-
tures are present.

The steps shown are described as follows:

1. Develop plans and alternatives: This is the same as the first stage
of the assessment process, and should meet all agency and NEPA
criteria.

2. Identify historic properties affected: For each action under each
alternative developed above, identify which, if any, historic proper-
ties may be affected, and to what degree. This is normally per-
formed through a survey by professional architectural historians
and/or archaeologists. Remember, as discussed above, the four pos-
sible ways in which a property may be affected.

3. Consult with SHPO: The identification of properties and the ways in
which they may be affected is brought to the SHPO, along with your
agency’s plans to preserve or record the resources, if present. The
SHPO may agree, may identify other cultural values not covered in
your plans, may recommend other preservation measures, or may
recommend against proceeding with the proposal at all. The process
may end here if no significant effects are found after mitigation. The
broken line from step 3 back to step 2 (Fig. 13.1) represents the pos-
sible identification of additional resources to be considered.

4. Prepare memorandum of agreement: Your agency and the SHPO
prepare a mutually agreed upon statement of what accommoda-
tions to cultural resource values are required before your proposed
action may be implemented. The broken line from step 4 back to
step 1 (Fig. 13.1) represents the possible need to modify project
actions or alternatives to comply with the provisions in this MOA.

5. Review of proposal and MOA by ACHP: The MOA and your project
plans are reviewed by the ACHP. If agreement has been reached
with the SHPO, few changes normally result. If there is no MOA,
implying inability to reach agreement between your agency and the
SHPO, and the potential for damage to a historic property is high,
the ACHP may mediate or reach a finding through its own study. In
this case, modification of plans and actions may also be required.

Section 110 responsibilities. The charge under Section 110 of the
NHPA is much more open-ended and more general. Broadly speaking,
it is a requirement to survey the agency’s holdings in order to locate
properties which may be eligible for listing on the register. Clearly,
this means those buildings and structures which are standing,
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whether used or not. Less obviously, it means the survey of the land
area for evidence of historic or prehistoric occupancy. These sites,
whether visible or still buried, are also historic properties under the
definition of the NHPA. Many large landholders have not completed
this requirement. In practice, such studies, which must be performed
by qualified professional personnel, may be rather costly. The normal
response has been to conduct only the spot surveys required under
Section 106 when a project is undertaken.

Native American cultural resources issues

The National Historic Preservation Act, important as it is, is not the
only possible source of cultural resources conflict or need for considera-
tion during the environmental assessment process. Many issues which
are part of the vaguely defined aesthetic environment may be consid-
ered “cultural resources.” Issues which relate to Native Americans (and
other ethnic groups), especially those which have religious overtones,
are especially important. Some of the issues which arise most frequently
in the environmental assessment process are briefly discussed below.

The different tribes of American Indians, as well as Aleuts, Eskimos,
and native Hawaiians, have an extremely different cultural back-
ground from that of the dominant western European culture of North
America. Coming to a head in the 1990s, their concerns are being tak-
en more and more seriously in government decision making, including
environmental assessments. While this entire issue is very broad,
most of the largest issues are related to the following questions.

Treaty rights to hunting and fishing. There are literally hundreds of
treaties between the U.S. government and various tribes, many of which
give almost unlimited rights to tribal members to hunt and fish on tra-
ditional lands. At the time they were written, the implications for this
century could not have been foreseen. In general, no state, at that time,
had ever set hunting or fishing seasons, required licenses, or set limits
on numbers taken by any persons. Such “conservation” regulations came
approximately at the turn of the last century. For decades, it was
assumed that tribal rights were to be exercised only within the scope of
such state regulations. In the 1980s and 1990s, court decisions have said
that tribal rights could be exercised with only minimal control by state
(or federal) fish and game departments. If the lands included within your
department’s proposed action are subject to such treaty rights, the issue
may become serious. It is recommended that such problem areas be iden-
tified early in the planning process, and accommodation made to these
rights, if present. Failure to include such issues in the assessment is a
serious omission. These issues may be considered social issues or cultur-
al resource considerations, as appropriate.
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Sacred and traditional places. Many landscape features were held to be
sacred or otherwise honored by Native Americans. Mountains and
lakes are the most commonly identified. Since many native religions
contain elements of secrecy as to the basis of their most revered
beliefs, a full identification cannot be made by the agencies. Recent
trends have allowed relatively full freedom of access to such sites for
worship or other purposes, even if the land is managed by an agency
and devoted to another purpose. It is also believed that many thou-
sands of visits are made by tribal members without formal notifica-
tion. Should the project or action which your agency is planning
involve such a sacred site or traditional place, this must be determined
early in the planning process or the scoping process, as discussed in
Chapter 11. Generally the affected should be consulted. Because such
questions are extremely sensitive, it may be necessary to locate a per-
son with whom the Native Americans are willing to even discuss the
question. The responsibility is still, however, that of the proponent.

Artifacts. In the past, many artifacts created by Native Americans
were bought, traded, or taken from individual tribal members. Some
were merely craft items which the individual had the “right” to sell or
transfer. Many others were sacred tribal possessions, intended to be
preserved for  later generations. Many claims were made in the 1980s
and 1990s for return of such objects, even when they had been in the
possession of museums and collectors for decades. Increasingly, such
claims are being honored in the courts when original ownership can be
proven. Most government agencies are not involved to any great
degree with artifacts—museums are an exception here—so this issue
does not as often arise in a NEPA context. If the action proposed
involves the collection or display of any such artifacts, their context
must be discussed in the assessment. Artifacts associated with burials
are a separate issue, and are discussed below.

Human remains and burial artifacts. The question of the disposition of
the remains of Native Americans has become increasingly contentious,
and led to the passage of the Native American Graves Protection and
Repatriation Act of 1990 (NAGPRA). The provisions of this act state, in
summary, that any remains of Native Americans and associated funer-
ary objects must (1) be professionally curated in an accredited institu-
tion and (2) be made available, upon request, to the descendants of the
person for return to a traditional tribal burial place. Even prior to pas-
sage of the act, many requests had been made to museums and other
institutions for return of such materials. Some were honored; some
were not. If there is any possibility that a burial may be encountered
during the course of implementation of your agency’s project, you must
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comply with the provisions of NAGPRA. The environmental documen-
tation should specifically state how such remains will be handled, and
what institution will assume responsibility. Neglect of these provisions
may lead to extremely contentious public opposition to your proposals.

Human remains from postsettlement (i.e., European settler) burials
are already covered by requirements in the laws of most states. The
requirements are similar to those in NAGPRA, in fact, and usually
involve notification of a state officer, removal of remains under super-
vision, an attempt to identify the remains, and reburial in a place
agreed upon by the state and the descendants, if any, of the persons
involved. The fact that Native American remains were usually exempted
from these state laws was one of the reasons for passage of NAGPRA.
Native Americans believe that the remains of their ancestors deserve
proper respect and consideration.

The interest of the many organized Indian tribes in their cultural
history has increased greatly since the 1980s. Thus, issues created by
real or apparent conflicts are more likely to result in an organized
response, frequently by a tribal attorney. Strict adherence to the regu-
latory requirements during the implementation of the project will
need to be guaranteed. One way in which some larger agencies are
handling this issue is through prenegotiated agreements on the man-
ner in which events, such as inadvertent discovery of remains, will be
managed. If such an agreement exists, its provisions must become a
part of the discussion of cultural resources within the EIS.

Cultural resources and NEPA

The requirements of the NHPA, especially those of Section 106, are
mandatory components of any environmental assessment. In practice,
this means that it is the responsibility of the proponent of the action to
positively verify, through original survey work if necessary, that no sig-
nificant resources are present, or that they will not be affected by the
proposed action, or that the mitigative measures are acceptable to the
SHPO. Again, as with endangered species, it may not be acceptable to
use vague wording such as “no historic resources are known from the
site” if there has not been a qualified survey of the site. For construction
projects of any kind, this has come to mean a site survey for every proj-
ect unless there has previously been a complete, qualified survey of the
area. This is where the requirements of Sections 106 and 110 meet. If
the agency holding the property has long-term plans for development, it
may be less expensive in the long run to conduct a full survey, thus
meeting Section 110 requirements. The presence of a qualified survey
under Section 110 will allow preparation of the environmental assess-
ment and the Section 106 consultation to proceed as rapidly as possible.
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The discussion of Native American issues, where present, is never to
be omitted from the NEPA process. Native American tribes are specif-
ically named, within the NEPA regulations, as bodies to be consulted
when issues developed are relevant to them. The requirements of
NAGPRA may not be the only ones which apply. This should be deter-
mined early in the scoping process.

In what ways may the consideration of cultural resources alter the
plans which the agency has prepared? There may be no changes at all,
especially if, in the planning process, the need to consider cultural issues
was identified early. An historic property need not always be preserved
unchanged. It may not have significant values, and the SHPO may
require only recording the plans and archival quality photographs. Or, a
structure may be relocated if the SHPO agrees. Even an archaeological
site may be safely preserved under a paved area, so long as it is record-
ed and agreed to in the MOA. Since the significance of an archaeological
site often lies in its research potential, adverse effects may be mitigated
by partial (or complete) excavation and evaluation of the site before pro-
ceeding with the action. It is when such issues are not recognized early
in the process that the most severe problems arise. Allow your agency to
make the best use of its time and funds by raising these questions at the
earliest stages of the project planning. This is the time when the lowest
cost is associated with modifications in project planning.

13.7 Ecorisk

What is ecorisk?

Ecological risk assessment, often called ecorisk for short, is a system-
atic process for analyzing the risk, or likelihood of adverse effects, to
the ecology of an area in response to human activities. The activities
may be either contemplated (proposed) or ongoing. An ecorisk analysis
provides a decision maker with a reasoned set of environmental infor-
mation to use for effective resource management, to either avoid
adverse impacts or minimize adverse effects. The essence of ecorisk
assessment is its scientific approach to developing multiple lines of
ecological evidence through multivariate analyses or other compre-
hensive analytical processes.

In 1998 the EPA issued a set of guidelines to cover the ecorisk process
and applications. The EPA guidelines (EPA, 1998a) define ecorisk as fol-
lows:

Ecological risk assessment is a process that evaluates the likelihood that
adverse ecological effects may occur or are occurring as a result of exposure
to one or more stressors. The process is used to systematically evaluate and
organize data, information, assumptions, and uncertainties in order to help
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understand and predict the relationships between stressors and ecological
effects in a way that is useful for environmental decision-making. An assess-
ment may involve chemical, physical, or biological stressors, and one stres-
sor or many stressors may be considered.

The EPA Terms for Environment (EPA 1998b) includes the following
definitions:

Ecological risk assessment: The application of a formal framework,
analytical process, or model to estimate the effects of human action(s)
on a natural resource and to interpret the significance of those effects
in light of the uncertainties identified in each component of the
assessment process. Such analysis includes initial hazard identifica-
tion, exposure and dose-response assessments, and risk character-
ization.

Risk management: The process of evaluating and selecting alterna-
tive regulatory and non-regulatory responses to risk. The selection
process necessarily requires the consideration of legal, economic,
and behavioral factors.

As is the case with the environmental analyses done under a NEPA
review, ecorisk is but one tool available to the resource manager to
make informed decisions. Other factors outside the environmental arena
that may be of interest to the manager include things such as social
parameters, technical considerations, cost, or legal considerations
(CENR, 1999).

Ecological risk assessment is a comparatively recent term, having
come into common use only since the late 1980s (Calabrese and
Baldwin, 1993). As discussed elsewhere in this book (see Chapter 1), the
United States slowly became aware of the insidious social, economic,
and environmental consequences of pollution and other types of adverse
impacts in the last third of the past century. Before then, the adverse
effects of industrial pollution or urban development were considered to
be part of the necessary cost of doing business, or “not my problem.”
However, starting in the 1960s the federal government and state agen-
cies began to become aware that adverse impacts upon human health
and welfare from industrial development were not inevitable, but could
be forecast, managed, and in some cases avoided or mitigated before
they occurred. Close on the heels of the awareness of adverse impacts on
human health was the growing awareness of the consequences of
human activities on the environment and the sometimes-hidden inter-
relationship between human activities and environmental impact.

This new awareness of the relationships between human activities
and environmental effects was reflected in the cornerstone of environ-
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mental legislation, NEPA. NEPA, drafted in the 1960s and signed into
law on January 1, 1970, established (NEPA, Sec. 2)

…a national policy which will encourage productive and enjoyable har-
mony between man and his environment; to promote efforts which will
prevent or eliminate damage to the environment and biosphere and stim-
ulate the health and welfare of man; to enrich the understanding of the
ecological systems and natural resources important to the Nation.

In the 1980s, in response to NEPA and other environmental laws,
researchers began to use risk assessment as an analytical technique to
predict and describe the risks of human activities on human health. In
parallel with the application of risk assessment to human health, scien-
tists began to use similar techniques to analyze the risk to ecological
parameters of value. As the understanding of risk to human health from
chemical or physical stressors evolved, researchers began to apply sim-
ilar risk assessment techniques to understanding the risk of human
activities on specific factors of the environment (Calabrese and Baldwin,
1993). Terms for similar environmental assessment processes are

■ Ecological risk assessment
■ Hazard assessment
■ Cumulative ecological assessment
■ Environmental impact analyses
■ Bioassessments
■ Ecotoxicity analyses (ecotoxicology)
■ Habitat evaluation

In contrast with assessing the effects of human activities on the envi-
ronment at large, as is generally done in a NEPA review, the ecorisk
technique generally is applied to the estimation of risk to specific species
or to ecosystem attributes imposed by specific chemical pollutants
(Suter, 1993). Ecorisk analyses tend to focus on those environmental
receptors that serve as an indicator species or a measure of ecosystem
health, such as certain amphibians; those that are valued as a national
or regional resource, such as threatened and endangered species; or
those that are economically important, such as agricultural products
(CENR, 1999).

Over the past decade analytical techniques have improved, such as
development of faster computers and better modeling codes, and our
understanding of toxicological effects and causal relationships has
improved. This has allowed for a more precise estimation of the effects of
stressors on specific ecological receptors. However, in many cases toxico-
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logical effects on species of concern are still not well understood, in terms
of either cause and effect, exposure pathways, physiological response to
specific stressors, or reaction variation within the species. This hinders
the ability of researchers to give resource managers precise predictive
information to support risk-based decisions. Ecorisk techniques allow
the risk assessor to estimate the degree of uncertainty inherent in risk
predictions and acknowledge situations where data may be incomplete
or limited. The challenge for ecorisk assessors and resource managers in
the decades to come will be the inclusion of better science in the envi-
ronmental decision-making process in order to achieve sustainable sys-
tems of resource management and use (NCSE, 2000).

Uses of ecorisk analyses

Ecorisk is often associated with environmental remediation work such as
pollution prevention, waste management, environmental restoration,
and environmental cleanup. However, ecorisk also can be applied to
more traditional impact assessment or ecological management areas
such as protecting threatened and endangered species, managing
wildlife habitat, improving agricultural or silvicultural practices, and
managing fisheries (EPA, 1998a). Ecorisk can also provide a credible sci-
entific basis for the environmental impact analyses performed under 
a NEPA review, or a floodplains and wetlands assessment. However,
because of limitations in the knowledge base discussed above (e.g., limit-
ed understanding of ecotoxicology), the results of ecorisk assessments are
often most useful for helping scientists focus on problem areas of great-
est concern, and defining the need for and path of future investigation.

Ecorisk can be integrated into an agency’s decision-making process,
such as baseline surveys, environmental monitoring, and implementing
decisions. A resource manager may want to use an ecorisk screening
process to help guide fieldwork plans. If faced with limited resources
(and most agencies are always under time, budget, or personnel con-
straints), a resource manager may want to concentrate baseline field
studies or data collections in areas of greatest interest instead of exam-
ining a large, amorphous area. In such cases the manager may want to
use the ecorisk process to identify specific, smaller areas of greatest con-
cern to a species in question or a specific resource management decision.
Ecorisk can provide a means to identify and acknowledge data gaps,
which in turn can guide and influence ecological research.

Ecorisk analyses also can be applied to environmental monitoring.
Environmental monitoring is the process of sampling and analyzing
specific environmental media (such as soil, water, or plants) for evi-
dence of contaminant levels over time. Environmental monitoring thus
provides a measure of actual environmental impacts (as opposed to
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NEPA analyses, for example, which forecast or predict the environ-
mental impacts that would be expected). Ecorisk techniques can be
applied to design a study methodology for environmental monitoring,
determine uncertainties within the study area parameters, and serve
as an analytical basis to determine the severity or consequence of mea-
sured impacts to the environmental media of concern.

Ecorisk analyses can be used to prioritize resource management
needs, which may in turn help a manager prioritize decisions to be
implemented first, and help establish what risks can be effectively and
economically mitigated. Ecorisk analyses also can serve as a frame-
work to monitor the effectiveness of risk-based resource management
decisions over time.

Many federal and some state agencies have developed their own
approaches to considering ecorisk (CENR, 1999). For example, the
Department of Energy’s Oak Ridge National Laboratory, in Tennessee,
has developed extensive detailed methodologies to use to guide reme-
diation decisions and management of the large Oak Ridge Reservation
(Suter, et.al. 1995). These methods have been widely adopted at DOE
sites, particularly those sites that are subject to CERCLA Superfund
requirements.

Ecorisk analysis process

Ecological risk assessment provides a structured means to define an
environmental problem, design a process to address that problem, use
scientific means to collect and analyze data, and develop information
that is of use to the resource manager. It provides a process for organiz-
ing and analyzing data, assumptions, and uncertainties to evaluate the
likelihood of adverse ecological effects (EPA, 1998a). This is especially
useful for complex ecosystem problems that include many variables.

Ecological risk assessments are similar to human health risk assess-
ments and use the same general steps:

■ Identify hazards
■ Identify receptors
■ Assess exposure
■ Determine response
■ Characterize risk
■ Identify mitigation measures

The EPA describes the risk assessment process as having three
phases: (1) problem formulation, (2) analysis, and (3) risk characteri-
zation. Following the risk assessment, the risk manager will take
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three more steps: (1) decide upon a course of action, (2) implement the
decision, and (3) evaluate the actual effect of the decision over time
(EPA, 1998a). The risk manager is charged with providing good man-
agement decisions, while the risk assessor is charged with providing
good science.

Because the value of the ecorisk process is its grounding in science,
the first step, problem formulation, is very important. It is through
this step that the risk assessor and the resource manager agree on the
actual environmental value that is to be protected, and link the analy-
sis to the management decision facing the resource manager. The
manager may want to gain additional input from other agencies or the
general public to help define the entity that is important and is poten-
tially at risk, similar to the information collecting aspect of the NEPA
scoping process. Interaction between the risk assessor and the risk
manager is critical to ensure that the information generated during
the assessment process is relevant to the decisions the risk manager
needs to make. The risk assessor must define an endpoint for the
analysis, determine what conceptual models, if any, will be used,
develop an analysis plan to be followed, define the value or species
that is potentially at risk, and define the past, current, or potential
human activities that may lead to the risk (and the related chemical
release, or pollution). Once the assessor knows what chemical or toxic
constituents may be present and what species are at risk, the assessor
must determine possible exposure pathways for that species, the eco-
logical effects of the chemical, and how it interacts with ecological
receptors. In some cases, physical stressors such as heat, noise, or
light may be of interest instead of chemical stressors. During this
planning stage, the EPA suggests that a risk assessor define data qual-
ity objectives, which are the levels of confidence and certainty needed
for the management decisions at hand and public confidence. Data
quality objectives help determine the boundaries of a study as well as
evaluate the quantity and quality of data necessary for the study; by
looking at alternative methods, the assessor will optimize the analyti-
cal design (EPA, 1998a).

Through the ecorisk analysis phase the risk assessor will character-
ize the exposure of the receptor to the stressor, and characterize the
ecological effects. The steps of this phase must be accomplished inter-
actively. The assessor will define the source of the stressor and its dis-
tribution within the area of study, identify ecosystem receptors of
concern, and identify areas where the stressor may come into contact
with the ecological receptor. In the second step of this phase, the asses-
sor will characterize the relationship between stressors and ecological
effects, and analyze whether the projected or observed response is
actually a response to a given stressor. After considering cause and
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effect, the assessor will perform an uncertainty analysis of the risk
information, and then prepare summary profiles that describe expo-
sure and the stressor-response relationship.

In the risk characterization phase, the risk assessor will estimate
the risk of the stressor’s having an adverse effect on the receptor. The
assessor may rely on complex computer models or empirical field
observations. After integrating information on exposure and the stressor-
response profile from the second phase, the assessor will describe the
risk by presenting the evidence and discussing how the determination
of ecological adversity was derived. Any measure of ecological adversity
must be technically defensible (science-based) and meaningfully
reflect management goals. As a final step of the risk characterization,
the assessor will write a report to communicate the findings of risk 
to the risk manager, other interested parties, and the public at large.

The ecorisk process is as follows (EPA, 1998a):

Phase 1: Problem formulation
■ Evaluate goals and select assessment endpoints.

■ What is the study area?
■ What is at risk (endpoints)?
■ What stressors are present?

■ Prepare the conceptual model.
■ Computer codes.
■ Empirical data.

■ Develop an analysis plan.
■ Data needs and data gaps.
■ Data quality objectives.
■ Data collection design and methods.
■ Time frames.
■ Data analysis process.

Phase 2: Analyses
■ Characterize exposure to stressors.

■ Source of stressors.
■ Distribution of stressors in the environment.
■ Occurrence of ecological receptors.
■ Distribution (in time and space) of ecological receptors.
■ Interface (contact or co-occurrence) between stressors and recep-

tors.
■ Characterize relationship between stressors and ecological effects.

■ Stressor-response relationship (cause and effect).
■ Uncertainty analysis.
■ Summary profiles.
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Phase 3: Risk characterization
■ Estimate risk through integration of exposure and stressor-response

profiles.
■ Indicate the degree of confidence in the risk estimates.

■ Describe risk and adverse ecological effect.
■ Cite evidence to support the risk estimate.
■ Describe and interpret the adversity of ecological effects.

■ Prepare ecorisk report.
■ State results.
■ Provide major assumptions and uncertainties.
■ Identify reasonable alternative interpretations.
■ Separate scientific conclusions from policy judgments.

Although early application of ecorisk was as a tool for determining
remediation decisions, over the past 10 years the application of ecorisk
as an analytical and management tool has moved beyond considera-
tion of environmental remediation or cleanup. For example, ecorisk is
very suitable as an analysis tool for habitat management considera-
tions, especially in relationship to an urban or industrial setting. This
has implications for assessing and mitigating the effects of contami-
nants on the habitat or food supply of threatened or endangered
species. The multivariate analyses of ecorisk can be used to simulate
diet and other exposure pathways, predict habitat ranges, postulate
toxicity response, generate information about hazards, and cast cumu-
lative effects from multiple contaminants found within the range of a
given animal (Gonzales et al., 1998).

At heart, an ecorisk analysis is simply an exercise in environmental
problem solving, and provides a way to correlate toxicological and eco-
logical information to estimate the probability of risk of damage to the
environment (Bartell et al., 1992). An ecorisk approach provides a way
to organize and analyze assumptions and data, and identify analytical
uncertainties. Because the relationship of stressors, ecological recep-
tors, and susceptibility to adverse effect is complex, and because our
knowledge of ecosystems is very incomplete, most researchers make use
of various types of multivariate analyses and probabilistic risk analyses.
Different researchers have developed various computer codes, some-
times integrated with geographic information system analyses (see
Chapter 7), as tools to manipulate and array large quantities of spatial
and receptor-specific data. For example, integration of spatial informa-
tion contained in a geographic information system with species infor-
mation and contaminant information can be analyzed by a computer to
produce a three-dimensional array of risk to a specific species over its
home range. (Gallegos and Gonzales, 1999).
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The EPA envisions ecorisk as an iterative process (EPA, 1998a).
Under this repeated, or tiered, approach, less complex assessments are
employed first, using a greater level of conservatism and accepting a
higher level of uncertainty. After this initial screening process, the risk
researcher probably will be able to determine that some areas do not
require additional analysis for managers to make reasonable risk-
based decisions. However, where results of the initial screening process
indicate an area of greater concern, or where the researcher is aware 
of a contaminant of greater concern, the researcher can employ pro-
gressively more complex and realistic assessments with a lower uncer-
tainty. This will give more precise estimates of risk in these smaller
focus areas. By using a tiered approach, the researcher and risk man-
ager can relatively quickly screen out areas of marginal interest and con-
centrate time and resources on areas of greater risk or greater impact
consequence.

Uncertainty and risk analysis

Through an ecorisk analysis, an assessor estimates cause and effect—
the interaction of a stressor with an ecological receptor. However, these
analyses are merely estimates, and in some cases, for a variety of rea-
sons, the assessor may be much more certain that a given receptor will
respond as predicted in the risk analysis. In other cases, the assessor
will face a high degree of statistical uncertainty regarding the outcome
of the risk analysis.

One of the identifying hallmarks of ecorisk assessments, as opposed
to other types of ecological assessments, is the central premise of iden-
tifying the likelihood that a specific adverse impact will occur, and the
degree of uncertainty (or certainty) in that estimate (Suter, 1993). For
example, if a decision maker is certain that a specific event will occur
(that is, the probability of occurrence is known to be 1), or is certain that
it will not occur (that is, the probability of occurrence is known to be 0),
there are no issues of risk uncertainty. However, this simplistic example
would not be expected to be the case, particularly with multivariate sit-
uations. An uncertainty analysis allows the risk assessor to address the
uncertainty (or certainty) associated with estimating both the likelihood
of occurrence and the scale (magnitude, intensity, or duration) of the
impact. In practice, for the purposes of an ecorisk analysis the risk
assessor often assumes the probability of occurrence to be 1.

Uncertainty is inherent in all risk estimates, and may arise from
several sources. Uncertainty can be introduced by a researcher or may
arise from unknowns, inaccuracies, or natural variability (stochasticity)
(Suter, 1993; Cohrssen, and Cavello, 1985). It can also arise from the
uncertainties in other, related, sampling or statistical analyses (exper-
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imental variability). These uncertainties affect all stages of the risk
assessment, such as hazard identification, exposure assessment, and
dose-response assessment. Uncertainty is generally expressed as a prob-
ability distribution or a confidence interval, or determined through a sen-
sitivity analysis. Sometimes a researcher merely acknowledges that
some degree of uncertainty exists, and does not try to quantify the degree
of uncertainty. Pinpointing the sources of uncertainty can identify areas
where more scientific information is needed. Currently in the field of
ecorisk assessment, one of the most problematic sources of uncertainty is
the uncertainty that a given organism or group of organisms in nature
will respond to a specific contaminant in the same way as a test species
(which may be very different from the receptor of interest) responded
under laboratory conditions.

For example, if a resource manager has a need to control flooding in
a drainage channel, a proposal might be to build a flood retention struc-
ture. Aside from engineering considerations, there might be a question
of where to place the structure to minimize risk to wildlife. The ecorisk
assessor may help by providing a multivariate risk analysis. The analy-
sis might correlate the 100-year flood level, animal species that would
be affected in the event of a flood, and sediment contaminants that
might be translocated during a flood event. Although by definition a
100-year flood is that which statistically would be expected once every
hundred years, in actuality, although statistically unlikely, a 100-year
flood can occur in any year or for several years in a row. This is an
example of statistical uncertainty. Although the researcher may find
out from a wildlife biologist what species are known to inhabit the
floodplain, neither expert can predict with certainty what species
might be present on the day of the hypothetical flood. This is an exam-
ple of natural variability. The researcher may ask an ecologist to iden-
tify sediment areas with contaminants, but the ecologist may not know
with certainty the exact location, extent, concentration, or toxicity of
the contaminants. This is an example of experimental error, or the dif-
ference between the actual attributes and the measured attributes. If
the ecologist thought a contaminant was present but in fact it was not,
this would be an example of an inaccuracy. If the ecologist did not know
or did not postulate that a contaminant was present, this would be an
example of an unknown. These individual uncertainties can be com-
bined mathematically to produce an overall estimate of uncertainty.
This information would help the resource manager understand the
variability of the risk analysis.

This text does not attempt to provide an in-depth explanation of sta-
tistical parameters. A more complete discussion of definitions and
measurement of uncertainty, error, and confidence can be found in
essentially any basic textbook on statistics or experimental design.

Contemporary Issues in Environmental Assessment 383

Contemporary Issues in Environmental Assessment

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



Implementing risk-based decisions

Risk management and risk assessment are two distinct activities,
though interrelated. The reason that ecorisk analyses are done is to
help make better management decisions by providing scientifically
based risk-receptor correlations. In order for this to occur, the decision
maker must be aware that a risk analysis has been done and of the
probable environmental consequences of the decisions to be made. In
this way the decision maker can consider the risk of impacts from var-
ious courses of action, how certain this risk might be to occur in a giv-
en case, and how some courses of action may lessen the risk to a
greater degree than other courses of action. This is referred to as risk
management, or making a risk-based decision. The risk assessor and
risk manager must be aware that they play different roles in the
process. While a risk assessor is generally interested in the science of
data acquisition and risk analysis, the risk manager is often more
interested in balancing the ecorisk analysis with other policy, regula-
tory, or social considerations and may not be in a position to focus on
scientific nuance or technical details (CENR, 1999).

The steps in risk-based decision making are as follows (EPA, 1998a):

Step 1: Make a risk-based decision
■ Review risk characterization report
■ Review options and mitigation measures
■ Balance risk analysis information against other decision factors
■ Select a course of action
■ Communicate the decision to interested parties

Step 2: Implement the decision
■ Translate decision and mitigation measures into project engi-

neering or design
■ Put mitigation measures into place
■ Carry out actions

Step 3: Monitor decision over time
■ Was decision properly implemented?
■ Did the mitigations reduce risk?
■ Is ecological recovery occurring?
■ Is another tier of assessment warranted?

At some point, the risk manager will make some decision regarding
some aspect of resource management. A decision, however well inten-
tioned or well thought out, is meaningless unless implemented. For
example, a forest manager may decide to protect the habitat of migra-
tory birds, but this decision cannot be effectively implemented without
knowing what species of migratory birds would be expected to be pres-
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ent in a given area, when they might be there, what type of habitat
they prefer, the reaction of specific bird species to environmental stres-
sors such as noise or toxic chemicals, the consequence, or threat, to the
habitat areas that might be caused by planned activities, and the
response of the species to degradation or decrement of habitat. If the
decision maker is aware of these factors, and understands the rela-
tionships between the bird species and their ecosystem, the manager
can take proactive measures to ensure that the bird habitat is pro-
tected, or at least not unduly degraded. Absent this information on the
birds and their environment, the manager may take no actions that
serve to protect the bird habitat, or take actions that are inappropri-
ate or ineffective in protecting the habitat. In either case, although the
manager decided in principle to protect the habitat, the decision was
not implemented and the habitat was not protected.

An ecorisk analysis is done to help a resource manager make a deci-
sion on a specific proposal. The risk analysis is one piece of informa-
tion, but not the only piece of information, that is available to the
decision maker for consideration during the decision-making process.
To ensure that resource decisions are in fact risk-based decisions, the
ecorisk assessor must communicate the findings of the risk assess-
ment and mitigation recommendations to the manager in sufficient
detail and at the most appropriate time for inclusion in the decision-
making process. This is generally done through the ecorisk report pre-
pared at the end of the risk characterization, which is the final phase
of the ecorisk assessment.

The ecorisk report may also suggest options that may be employed
to either protect the species analyzed or lessen adverse impacts to the
species. For example, an ecorisk report on a proposed remediation
activity might find that a specific amphibian species is best served if
no cleanup is undertaken, because cleanup might resuspend contami-
nants in surface water. However, the decision maker may wish to pro-
ceed with cleanup because of public pressure. The ecorisk report then
may suggest ways to lessen the risk to the species through mitigation
measures, such as sediment traps that would reduce runoff and lessen
the chance that contaminants would reach the surface water.

Once the resource manager has selected a course of action, the
specifics of the decision must be incorporated into project design or
engineering practices. The ecorisk report may be a tool to communi-
cate the specifics of the risk-based decision to project engineers or con-
struction personnel. The best-thought-out decisions and mitigation
measures will be ineffective if the person wielding a chainsaw or driv-
ing a bulldozer does not understand that specific groves of trees must
be left untouched or that specific areas of soil must be left undisturbed.

The responsibility of the resource manager does not end when the
construction project is finished or remediation completed. Assuming
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that the risk-based decisions and mitigations have been successfully
carried out, the wise manager will monitor the situation over time to
determine if the actions taken were truly effective in reducing risk 
to the environmental receptors. Because in many cases the relationship
between stressor and receptor is not well understood, and because the
ecorisk process gives the manager a way to make risk-based decisions in
the face of missing or incomplete information or other forms of uncer-
tainty, the resource specialist and the manager may not know if a
planned mitigation measure or course of action will actually be effective
in reducing risk over time. The ecorisk assessor can suggest a statisti-
cally valid environmental sampling plan that will yield contaminant
monitoring information over time to corroborate or disprove whether the
action taken did in fact reduce adverse effect.

Relationship to other environmental
assessment processes

Ecorisk is an analytical tool that has application to many legal or regu-
latory drivers. This country has enacted a suite of federal laws that
address protecting the environment from toxic chemicals. Ecorisk analy-
ses may be helpful in addressing the assessment requirements of these
laws. In particular, the Comprehensive Environmental Response, Com-
pensation, and Liability Act of 1980 (CERCLA, or the “Superfund Act”)
requires both a human health risk assessment and an ecological risk
assessment (Bartell et al., 1992). For other laws, while an ecorisk analy-
sis is not required, it provides a scientific basis for disclosing adverse
environmental impacts, and the uncertainties associated with the analy-
sis where appropriate, such as impact assessments performed under
NEPA or various state environmental disclosure laws.

Some of the environmental laws (see Chapter 2) that require or are
facilitated by an ecorisk analysis are

■ Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA)

■ Natural Resource Damage Assessment (NRDA) provisions of CER-
CLA and the Oil Pollution Act of 1990

■ Resource Conservation and Recovery Act (RCRA)
■ Endangered Species Act (ESA)
■ Toxic Substances Control Act (TSCA)
■ Federal Insecticide, Fungicide, and Rodentcide Act (FIFRA)

CERCLA, passed in 1980, requires retrospective evaluations of the
effect of past contamination in a given area, and a determination as to

386 Chapter Thirteen

Contemporary Issues in Environmental Assessment

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



whether or not the environment would be best served if cleanup 
or remediation is undertaken. Under CERCLA, risk managers are
required to protect human health and the environment, and to comply
with applicable, relevant, and appropriate requirements. The law sets
up a process to identify Superfund sites, or significantly polluted areas,
that require remediation, and by regulation establishes a National
Priority List to prioritize polluted sites and the National Contingency
Plan, or the Superfund Regulations, at 40 CFR 300, to facilitate
cleanup. Under this law a lead agency is identified to be in charge of
assessment, remediation, or cleanup of a given site, while the EPA
retains overall authority for the process. The lead agency conducts a
baseline risk assessment during the remedial investigation/feasibility
study in order to characterize current and potential threats to human
health and the environment. For human health risk analyses, the EPA
looks for quantifiable levels of acceptable risk; however, the agency has
not established comparable quantifiable risk goals for ecological risk.
For any given site, the risk manager must determine whether contam-
inants on the site present an unacceptable risk to important resources;
if they do, whether the site should be cleaned up or whether the remedy
would do more harm than good; and if the site is to be cleaned up, how
to select a cost-effective response that will provide adequate protection.
Ecorisk can be used for each of these questions. It can help charac-
terize baseline risk to determine whether a cleanup should be consid-
ered. The analysis can be used to derive levels of concentration of con-
taminants that would no longer pose an unacceptable risk to the
environment. Ecorisk can help evaluate alternative approaches for
remediation to determine which would be most effective, and whether
any would increase the risk instead of decreasing it. Following cleanup,
ecorisk analyses can be helpful in determining a monitoring plan to
establish whether the remedy was truly effective in reducing risk. The
EPA recommends that a tiered approach be used to allow the assessor
to quickly identify and eliminate sites that are not at risk, or to identify
sites that are known with great certainty to be at risk. Following this
screening process, the assessor can concentrate on the remaining sites
and perform a greater depth of analysis focused on the areas at question.
This graded approach reduces analytical costs, and provides for more
information to be generated to reduce uncertainties where needed
(CENR, 1999).

The NRDA provisions of CERCLA and the Oil Pollution Act identify
the need for assessing injury and damage to natural resources caused
by spills or other means. The Department of the Interior has promul-
gated regulations for conducting damage assessments as provided in
CERCLA (43 CFR 11), and the National Oceanic and Atmospheric
Administration has promulgated regulations for conducting damage
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assessments as provided in the Oil Pollution Act (15 CFR 990). Damage
assessments are conducted to calculate the monetary cost of restoring
five types of natural resources—air, surface water, groundwater, biotic,
and geologic—from injury that results from releases of hazardous sub-
stances or discharges of oil. Under the National Contingency Plan reg-
ulations (40 CFR 300), natural resource trustees with specific trust
responsibilities over natural resources can claim injury in the event of
resource damage; trustees are defined to include applicable states or
Native American tribes, and five federal agencies—the Departments of
Agriculture, Commerce, Defense, Energy, and Interior. Damage is eval-
uated by identifying the functions or services provided to the public by
the resources and quantifying the monetary loss to the trustee from the
reduction in service as a result of the discharge and the cost of restora-
tion. For example, a spill of oil into a body of surface water might cause
damage (injury) to a fishery if there is an economic loss (DOE, 1995).
Ecorisk is applicable to determining the link between exposure to con-
taminants and adverse effect (injury); therefore, it is of use in estab-
lishing (or disproving) a causal relationship between a release or spill
and natural resource damage. Ecorisk is not effective in assessing oth-
er aspects of natural resource damage, such as the determination of
injury or monetary loss. The ecorisk technique is designed to evaluate
baseline ecological risk, and often depends on an evaluation of specific
sensitive species as an indication of risk to the ecosystem as a whole;
however, in a damage assessment, the monetary damage may be relat-
ed to loss of a different species, such as a game species, that is not the
more sensitive indicator identified in the ecorisk analysis. If damage or
injury has occurred, sometimes the trustee may want to evaluate
restoration options to determine which might be most effective to bring
a damaged resource back into service or to the condition it would be
expected to have if the damage had not occurred. Ecorisk is well suited
as an analytical technique to help the resource manager weigh restora-
tion options (43 CFR 11; CENR, 1999).

The RCRA, as amended by the Hazardous and Solid Waste
Amendments, requires federal resource managers to develop corrective
actions where releases of hazardous waste or constituents have
occurred, and to investigate and clean up contamination in areas des-
ignated as solid waste management units where waste products have
been disposed. Like CERCLA, the actions required under RCRA are
largely retrospective in that they focus on existing contamination (in
contrast to laws such as NEPA, which forecast or predict future
impacts of proposed actions). The remedial actions are carried out by
the relevant lead agency, while the overall authority for the process
rests with the EPA. The application of ecorisk to RCRA cleanup actions
is essentially the same as for CERCLA cleanup actions, and in general

388 Chapter Thirteen

Contemporary Issues in Environmental Assessment

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



follows the iterative process set forth in the EPA ecological risk assess-
ment guidelines (EPA, 1998a).

The ESA and its implementing regulations (50 CFR 402) establish a
consultation process to conserve the ecosystems that threatened or
endangered species require, and to take measures to assist in recovery
of these species. The Department of the Interior lists threatened and
endangered species periodically, and the listed species change over time
as new species are added and recovered species are delisted. The ability
to effectively model risk to threatened and endangered species is cen-
tral to the success of the act. Risk assessment comes into play in two
distinct arenas: the risk to a species of extinction, and the management
of related ecosystem resources to reduce the risk of contamination as a
stressor to the species. These concepts, and the use of risk analyses in
predicting the likelihood of species extinction, are outlined in a report
of the National Research Council (NRC, 1995; CENR, 1999). Under the
ESA, federal agencies must disclose when their proposed actions may
affect listed threatened or endangered species, and if so must enter into
consultation with the U.S. Fish and Wildlife Service, an agency of the
Department of the Interior. Resource managers may have to consider
the toxic effect of past contamination as well as predict the impact on
listed species from planned or proposed actions. Ecorisk analyses can
be of use for either of these types of impacts.

The TSCA, passed in 1976, regulates certain industrial chemicals such
as solvents, polymers, adhesives, coatings, and plastics, but not chemi-
cals such as pesticides or pharmaceuticals that are covered by other reg-
ulations. Manufacturers or importers of new chemicals are required to
submit a premanufacture notification to the EPA. The agency must sift
through a large number of applications (about 2000 per month) in a rel-
atively short time (each application must be reviewed within 90 days). To
facilitate its decisions, the agency applies a tiered ecorisk approach: If
initial screening suggests a level of risk, the agency does a more detailed
analysis. Ecorisk is a useful way for the agency to apply scientific infor-
mation, determine the likelihood of ecotoxic effect to ecosystems even
when there is little toxicity data, and compare potential ecological effect
with potential exposure concentrations. The agency’s experience under
this act demonstrates that ecorisk can be conducted with minimal tox-
icity and exposure data, and that regulatory decisions can be made
quickly using the best data available at that time (CENR, 1999).

The FIFRA regulates pest control substances such as herbicides,
fungicides, rodenticides, and biological agents, and imposes certain
labeling requirements on packages of these materials. The EPA is
responsible for reviewing and registering existing and proposed new
pesticides. The law is a cost-benefit statute, and the agency must make
a regulatory determination that use of the pesticide would cause no
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unreasonable adverse effects to human health or the environment,
while weighing other factors as well. Potential ecological effects of pes-
ticides often can be mitigated by controlling application frequency, dose,
area, or type of use, or imposing other restrictions. As is the case with
TSCA, the agency uses a tiered approach: If initial screening, using a
conservative approach, indicates a level of risk, the agency uses more
refined means to identify and characterize that risk. Ecorisk provides
the risk manager with a science-based method to integrate hazard and
exposure assessments into a characterization of risk (CENR, 1999).

Summary

In summary, ecorisk (SETAC, 1997) is a resource management tool
that can be used to

■ Identify and prioritize the greatest ecological risks
■ Allow decision makers to consider the consequences of various poten-

tial management actions
■ Facilitate identification of environmental values of concern
■ Identify critical knowledge gaps

Ecorisk provides an effective means to identify and characterize stres-
sors caused by human actions and the ecological receptors that would
be adversely affected by those stressors, and perform multivariate
analyses on the interaction between stressors and receptors to charac-
terize the risk to the receptors. It serves as a tool for resource man-
agers to make risk-based decisions; this information is balanced
against the other considerations before the risk manager, such as eco-
nomic, regulatory, or social concerns. Through an ecorisk analysis, the
manager can identify critical knowledge gaps, and identify and pursue
research needs. Ecorisk is a scientific tool, and is based on statistical
and other mathematical modeling techniques. To date, beyond assess-
ing the potential for impact, ecorisk assessments have been especially
useful to help focus further ecological research by identifying the most
problematic contaminants, species, and geographical areas of concern.

Ecorisk, however, has limitations. Currently, ecorisk analyses are
limited by a shortage of toxicological information that accurately con-
veys how species will respond in nature. Ecorisk is not effective for
weighing trade-offs among different types of impacts, such as ecologi-
cal impacts against cost considerations. It does not provide an analy-
sis of every type of environmental or ecological impact; instead, it is
focused on specific species of concern, which may have been selected
because they serve as a measure of ecological sensitivity. Ecorisk does
not provide a venue to make or document a final decision.
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The value of ecorisk rests with its ability to provide a comprehensive
scientific framework for ecological analysis. This allows a resource
manager to make reasoned risk-based decisions to allow for improved
resource management.

13.8 How Are These Contemporary Issues
Different?

The seven issues presented fall into two broad categories. First are two
topics, endangered species and cultural resources (especially historic
preservation), where there is clear legislation, the publication of binding
regulations, and an administering agency of the government responsi-
ble for compliance. They are “must comply” topics when, and if, the
resources discussed exist in the project area. Each has several internal
processing steps which apply, and outside consultation which is man-
dated in the regulations. The major pitfalls within these areas are in not
remembering to consider them soon enough in the project planning (and
environmental assessment) schedule. Compliance may require many
months which were not allowed for.

The other five topics, global warming, acid rain, deforestation, biodi-
versity, and ecorisk, are all “must discuss” issues where they are rele-
vant. At this time there are no laws or regulations generally covering
any specific compliance for these issues. CFCs are a minor exception.
They are all, however, “big ticket” scientific controversies at the present
time. The technical reviewers of your document are likely to find fault
with it if you do not raise the issue, where relevant, as a contributory
element to environmental damage. Some actions may have a minor
positive effect on one or more of these areas; others may be minor neg-
atives. Unless the major premise of the agency’s action is the allevia-
tion of one of these problems, an in-depth discussion is not fruitful. The
acknowledgement, however, of the relevance of the controversy to your
proposed action and the acknowledgement of those effects which do
relate to these topics is usually adequate coverage.

13.9 Discussion and Study Questions

1 What is your personal belief about the existence of the greenhouse effect?
Do you believe its presence has been proven? Do you believe that it is con-
tributing significantly to global warming? Discuss the evidence for and against
these propositions.

2 Explain how postulated temperature increases of tiny fractions of a degree
per year could eventually cause major changes in our way of life. What would
be some of the most apparent consequences?
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3 Discuss the dichotomy between the industries, states, and countries
believed to be contributing most strongly to acid rain generation and those
most affected by the phenomenon.

4 Where are the forests about which environmentalists are most concerned?
Where are those about which industry is most concerned? Do you see any con-
flict in these views of the world? What changes in local lifestyle would have to
come about if tropical forests were to be managed for continuous production?
What changes would there have to be in the lifestyle of the developed coun-
tries?

5 Why was recognition of the concept of a threatened (as opposed to endan-
gered) species an important advance in conservation legislation?

6 How does a biological assessment differ from an environmental assess-
ment? How are they similar? When and where do they fit together within the
NEPA context?

7 How does concern about ecological biodiversity differ from concern about
endangered species? In what ways are they driven by similar concerns?

8 Do you believe that biodiversity should become a mandated part of every
EA and EIS through amendments to NEPA? Discuss why or why not.

9 Discuss some of the way(s) in which biodiversity, species endangerment,
the effects of acid rain, and tropical deforestation are interrelated.

10 Discuss the way(s) in which the NHPA and the ESA are similar to each
other. How are they similar to the NEPA? How do they differ from the basic
concept of NEPA?

11 Discuss Native American concerns about tribal artifacts and items once
buried with the dead. Do you believe the problems which their return has
caused to museums and collectors serve a legitimate purpose? Can you pro-
pose alternative means to accommodate these concerns? What would they
entail?

12 How does the ecological risk assessment process compare to the analytical
process used in an EIS? What types of environmental attributes used in a
NEPA review lend themselves to ecorisk analysis, and what types do not?
What aspects of ecorisk assessment are not useful for a NEPA review?
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