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ENVIRONMENTAL IMPACT ASSESSMENT
METHODOLOGIES: A CRITIQUE

By Mark B. Lapping*

The National Environmental Policy Act of 1969! is stimulating
the growth and development of the environmental technology pro-
fessions. Stimulation, however, is no substitute for expertise, and
environmental professionals are often hard put to develop meaning-
ful techniques to apply to the guidelines of Section 102 of NEPA,
the environmental impact assessment clause.?

This section of the federal legislation requires that environmental
impact statements be filed prior to the implementation of any pro-
ject which is funded, directly or indirectly, by federal monies or
which requires a federal certificate, license or lease. According to the
law, such impact statements must be developed through a “system-
atic, interdisciplinary approach” and must do the following: de-
scribe environmental impacts of the proposed project; describe any
adverse effects which could not be avoided if the project was imple-
mented; evaluate all alternatives to the project; discuss the long-
term and short-term impacts; and fully describe any ‘irreversible
and irretrievable commitments of resources.” Ideally, NEPA should
bring environmental quality considerations into the decision-
making process without forced recourse to federal legal intervention.
102 statements’ are designed to assess environmental conse-
quences and effects before actual policy and project decisions are
made.

The Council on Environmental Quality (CEQ), also established
by NEPA,? is the federal agency charged with the responsibility of
creating guidelines for such assessments. President Nixon, who ini-
tially opposed the creation of the CEQ, clarified the agency’s res-
ponsibilities in Executive Order 11514 (March 5, 1970). The CEQ
then developed the necessary guidelines for all other federal agen-
cies. These were refined again in April of 1971, when the CEQ re-
vised its initial comments by integrating Section 102 with Section
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309 of the Clean Air Act.* Yet, jurisdiction over the exact content
of a 102 statement still rested with the “lead’” agency charged with
the responsibility of preparing the initial draft environmental im-
pact statement.® Hence, while the CEQ’s guidelines stressed admin-
istrative and jurisdictional issues, the lack of content directives
from that agency or any other has resulted in a proliferation of
agency guidelines on the subject of what constitutes an impact anal-
ysis. The lack of unified, concrete objectives and specified guide-
lines is perhaps one of the greatest weaknesses of the 102 program.
As one critic has put it, ‘“the quality of environmental impact state-
ments has been hampered by a lack of technical knowledge on such
questions as what is environmental quality? What should be in-
cluded in a good environmental impact statement? What is the
present condition of the environment?’’®

These structural dificiencies in the implementation of NEPA are
also methodological ones. As various agencies grapple with these
problems, we see the emergence of various methods of analysis used
in preparing a 102 statement. Perhaps at this point it is essential to
begin to classify these various approaches, and to assess the relative
merits and weaknesses of each.

There are essentially three types of approaches to the measure-
ment of environmental impact: the associated matrix method, the
index value approach, and computer program models. A fourth
technique, the descriptive resource analysis model, has been uti-
lized and will be discussed at the conclusion of this article, though
it does not presently meet the objectives of NEPA guidelines, such
as they are.

I. AssociATED MATRIX MODEL

The associated matrix model attempts to describe potential im-
pacts of a project through a comparative approach which utilizes a
cause-and-effect matrix system. The various development alterna-
tives under consideration, for example, the alternative ways in
which the flow of water may be structurally regulated, are laid out
on one axis, and the various environmental components of the study
area which will be affected by these actions on the other. A number
is then assigned to each cell in the matrix to represent the relative
significance of each action with respect to each environmental char-
acteristic. This “significance rating’ will be given a positive or nega-
tive sign, depending on whether the impact is felt to be beneficial
or detrimental as regards that characteristic.

Once these impacts are described, another matrix is usually de-



IMPACT ASSESSMENT 125

veloped to indicate all negative impacts of any particular develop-
ment alternative. Emphasis in this second matrix is almost exclu-
sively of a negative nature, since it can be assumed that the benefits
of the project have been developed in a proposal or in engineering
documents. Though the Sorenson’ and Toth® models of the matrix
approach are important, the United States Geological Survey
method,® developed by Leopold, Clarke, Hanshaw, and Balsey, is
the best known and will be more extensively discussed.

In this associated matrix, one hundred types of development ac-
tions (e.g., alteration of ground cover, resource extraction,
river/stream flow modification) are laid out on a horizontal axis,
while eighty-eight environmental characteristics of the study area
(e.g., fauna, earth resources, water resources)' are put on a vertical
axis. Each of the resulting 8,800 cells is assigned two numbers, the
first representing the impact of that action on a particular compo-
nent of an environmental system, and the second representing the
effect of the action on the broader environmental subsystem of
which that characteristic is a part. For instance, the cell represent-
ing the effect of an action on one species of wildlife would show one
number for the impact on that species, and a second number for the
overall impact of the action on wildlife in general. The second num-
ber would thus be the same for several different cells. Impacts are
rated on a scale of 1 to 10; a minus or plus sign is added to the rating
to indicate a generally negative or positive environmental effect.

An essential problem with the matrix approach, the USGS model
included, is its heavy reliance on the value judgments assigned to
characteristics and actions by the investigators. Though it can be
argued that nearly all methods of impact assessment ultimately
require a degree of value judgment somewhere in the process, this
approach relies most heavily on the investigator’s abilities, almost
to the exclusion of any other analytical approaches and techniques.
Beyond this, the method tends to be something of an inventory
approach, more akin to descriptive models than to some more rigor-
ous techniques. Furthermore, the method presents a static rather
than a dynamic picture of man-environment relations, since it im-
plies a one-directional sequence of cause and effect, in which each
action is directly responsible for environmental impact. This limita-
tion often leads to a situation wherein impacts are noted only when
a direct cause-and-effect relationship can be suggested. It is inher-
ent in any understanding of ecosystem dynamics that impacts are
rarely, if ever, the products of such a simple chain of causation.
Rather, they tend to be the results, often transitory at that, of inter-
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related, cumulative, synergistic secondary- and tertiary-level pro-
cesses.!' As a result, such associated matrix approaches fail to con-
front the reality and dynamic nature of environmental systems.

II. InpEx VALUE MODEL

Like the associated matrix method, the index value method is
designed to compare the consequences of several different courses
of action. In addition, like the previous method, it is built on a set
of quantified quality indicators applied to a set of development
alternatives. Each individual environmental characteristic is as-
signed several weight factors, representing the different impacts of
the various development alternatives. The index value method,
however, differs substantially from the one-dimensional cause-and-
effect approach of the associated matrix methods in that it can
demonstrate linkages and feedbacks on several levels and orders.
Through the use of statement of error analysis the whole system is
quantified. Impacts can not only be added, as with the associated
matrix model, but multiplied. The model is thus capable of showing
the interactions of the different impacts, and their cumulative effect
upon the environmental characteristics. To the degree that this
method is effective it tends to provide a systems perspective to
environmental impacts, a factor of critical importance, since envi-
ronmental dynamics can best be described in a systems framework.

Index value models generally make use of the same listings of
environmental characteristics and development actions as are used
in associated matrix models, though in the index value technique
these are not ordered on different axes but appear side by side on
the same axis. This arrangement aids in the illustration of potential
alterations in the whole ecosystem. In addition, there is usually a
mathematical component added to the process so that distinctions
between various action alternatives can be demonstrated by using
error factors and statistical runs to flesh them out.

There are several outstanding examples of this approach, though
here again, as throughout this article, only one will be discussed.
The Battelle-Columbus Environmental Evaluation System'? suffers
from a degree of inflexibility. It was developed for a particular water
resources project and as yet has not been generalized to other and
different areas and/or problems. The Stover Index Value Matrix
Method® has not been applied to a practical or “real world” prob-
lem and thus remains untested. The Georgia Ecology/Optimum
Pathway approach! is of questionable applicability to problems
which do not involve transportation systems. This is also the case
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with Douglas Lacate’s method developed at Cornell."® The Georgia
model, moreover, is committed to a “build” policy without a “no
action” alternative being part of the system. The Bureau of Qutdoor
Recreation approach'® is neither applicable for computer use at the
present time, nor is it applicable for environmental characteristics
analysis; it is very heavily weighted toward cultural and man-made
environmentdl imperatives and inputs.

Perhaps the most representative of the index value approaches,
both in terms of its strengths and weaknesses, is the U.S. Army
Corps of Engineers’ Tulsa District model.”” Though initially devel-
oped for a reservoir project, this method can be applied to other
projects. In this approach three basic standards are set up: environ-
mental quality, human life quality and economic impact. These
standards become “critical horizons” against which the sum of all
negative impacts of an action alternative will be judged. Like other
types of analysis in this catgeory, the Tulsa method attempts to
point out differences between the various alternatives under study
by introducing the technique of error factor analysis through com-
puterization.

The magnitude of an impact in this approach is described in
relative terms, not physical ones. The greatest positive impact re-
ceives a +5 quality rating, while those impacts which are generally
negative receive a -5 rating. All other intermediate actions or im-
pacts receive grades between these extremes. These raw scores,
which are termed “equivalency factors,” are summed and then mul-
tiplied by weighting factors which represent the investigators’
subjective estimate of the importance of the particular environmen-
tal characteristics under consideration. At this point a standard
deviation statistical process is performed on a set of randomly se-
lected variables to determine significant differences among the net
impacts.

Aside from the complexity of the process, a major problem with
this method is that it tends to oversimplify alternatives, environ-
mental parameters and net impacts. Moreover, the entire system is
riddled by subjective ratings and interpretations. Its essential justi-
fication is that it can handle a significantly larger number of impact
interactions than the associated matrix models, and that it readily
suggests the tradeoffs which the planning process must seek to iso-
late. Unlike the Georgia model of this category, the Tulsa District
technique uses a “no action” alternative as a baseline and thus
meets one of the important requirements of Section 102—that all
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alternatives must be examined, not just those which will bring a
proposed project into being.

III. COMPUTER APPROACHES

This final type of impact analysis requires a large and costly
information base. Large numbers of variables are integrated in this
system, together with a variety of potential actions. Unlike the two
previous methods, the computer-based methods are not compara-
tive, but are designed to take the consequences of one particular
action all the way through to their conclusion. The analysis must
then be rerun for each alternative action. Computer technology pro-
vides the possibility of running simulations through combinations
of these parameters, and hence a broad range of planning alterna-
tives can be assessed within a short period of time.

Two of the most important computer approaches are the REC-
SYS® model developed at Michigan State University and various
state-level agencies in Michigan, and the PARIS" approach devel-
oped by state agencies in California. Though both were developed
to handle outdoor recreation problems, they are useful in other im-
pact assessment situations. For the purposes of this essay, however,
the Harvard Grid® technique will be discussed because of its wide-
spread use and its recent application by the author.

The Grid system entails an analysis of a resource inventory and
its interface with planning and programming alternatives through
a computer grid mapping program. It provides a graphic display of
large amounts of data collected to fit a rectangular coordinate grid.
To run such a program requires two basic data inputs: values which
have been assigned to environmental variables and instructions de-
lineating the procedures and forms that are to be used for analysis
and display. Each data value is associated with a specific cell on the
grid, the nature of which is specified by the investigator.?!

At the outset, a study area must be defined and data variables
determined, usually on a subjective basis. A resource inventory is
then developed to determine the qualities and properties of the
study area. Then the alternatives or actions under consideration
must be isolated and defined. These steps are really concerned with
problem definition. The variables are then grouped to identify areas
or sites of different character. Activities are then evaluated by the
level of impact each will have on a particular variable group. A
simulation model is then prepared for all of the previous data which
includes information on demand for the various activity alterna-
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tives, the costs and benefits of the activities, and, of course, the
impacts upon particular site variable groups.

The success of such modeling techniques is only as good as the
data base—as computer specialists say, ‘“Garbage in, Garbage out.”
The cost of this process is considerable, and may prove prohibitive
in certain contexts. It is also highly subjective in that values are
assigned to characteristics of the environment and to impacts by an
investigator without a “control”’ process. Nonetheless, its graphic
nature makes it a potentially important tool in generating citizen
participation in the process. This is important since NEPA, through
the CEQ directives, seeks to stimulate a high level of citizen input
into the process, though this level is very rarely achieved, except in
those situations where highly motivated citizens’ groups do have a
profound impact upon the process.

IV. DEscriPTIVE METHODS

Most descriptive methods of assessment were developed prior to
NEPA. Though useful in aiding in the inventorying process, these
descriptive techniques fail to meet the requirements of a methodol-
ogy which could meet the needs of Section 102. In essence, descrip-
tive methods simply define and describe a site; they do not have a
“predictive edge” to them. Because NEPA requires that a “system-
atic, interdisciplinary approach” be utilized which can tell, prior to
an action’s implementation, what its effects on the environment will
be, descriptive techniques fail to meet this criteria by their own
definitions.

Most descriptive methods are really graphic mapping systems
which produce the all-important environmental inventory. They
can aid tremendously in the process of resource and land use evalua-
tion, as exemplified in Ian McHarg’s* famous methodology. Since
these techniques have been with us for some time we are fortunate
in having some very good critiques of their relative merits and draw-
backs. Carl Steinitz’s® study is perhaps the most important of these
and covers the most widely used approaches, including those devel-
oped by Hills,* McHarg,” Lewis® and the Harvard Landscape Ar-
chitecture Group.” Because these approaches do not appraise im-
pact, they have often been ignored. As part of a more dynamic
process, descriptive techniques can be of immense utility since they
can easily illustrate the natural resource base of any site under
consideration.
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V. OTHER METHODOLOGIES

The need to develop more satisfactory methodologies continues.
The Environmental Protection Agency developed its own approach,
known as the Strategic Environmental Assessment System,? but it
has long since been scrapped. Some techniques have been developed
for specific projects and have been quite successful. Though several
have already been mentioned, Leonard Ortolono’s ANALYZING THE
ENVIRONMENTAL IMPACT OF WATER PROJECTS? is quite comprehensive
and adds a great deal of clarity to the problem of assessing projects
often conducted by the U.S. Corps of Engineers.

VI. CoNcLUSsION

Ultimately, full compliance with NEPA’s Section 102 may be
impossible. The ability to measure impact implies the ability to
describe an environmental system. It is inherent in the understand-
ing of ecosystem dynamics that change is the most basic and signifi-
cant quality of real-world ecosystem behavior. To seek a precise
description of an environmental impact forces us to deny the most
important quality of the environment. To seek a description of
something which cannot be described—such is the essence of Sec-
tion 102.

Where then are we left? If the “letter” of the law commands an
impossibility, we must at least seek to give meaning to its “spirit.”
This can best be done within a systems perspective, for such a
perspective will make analysis as precise and relevant as possible.
This observation was made by Davis Aggerholm of the Corps of
Engineers’ Institute for Water Resources:

The overriding problem, in my opinion, is that impact assessment is not
accomplished in a systems context. Those who do the assessments (even
ecologists) do not think about or approach the problem with a truly
holistic, ecological point of view; i.e., proposed actions are not viewed
as perturbations of dynamic environmental and social systems, and
impacts are not treated as systems changes. Rather, impacts are treated
as discrete, separable, generally unrelated events. Likewise, to the ex-
tent they are recognized, whole systems are treated discretely. This is
just not how the real world works.*

At the same time we must be wary of those systems approaches
which are ‘‘generally linear and unidirectional in their analysis,
treating causes and effects as simply one-to-one relationships and
ignoring feedback relationships.”’®! This criticism has particular re-
levance to the first two methods described in this paper, but can
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also apply to the computer grid technique, if that technique is not
used properly.

Aggerholm has argued for a predictive process. This is largely
possible, though we must recognize the limitations imposed by nat-
ural processes. Relating back to Section 102, what is necessary is a
predictive model developed within a systems perspective, which will
compare the various alternatives, describing their general and net
impacts. It is also most important to stress secondary and tertiary
level impacts as well as significant primary level ecological and
social consequences. As a hypothetical illustration, let us suppose
that massive annual flooding of the Lamoille River in northern Ver-
mont has created a situation where the Corps of Engineers is evalu-
ating various structural and non-structural remedies. One of the
structural alternatives, building a dam at Cambridge, will create a
large lake which will provide a new water resource opportunity for
the largely rural and undeveloped community. The primary level
impacts will be relatively easy to suggest. We need to see, however,
that other impacts, those of a secondary or tertiary nature, may also
occur. Once the lake is created land uses in the area may be signifi-
cantly altered. A secondary level impact might be the development
of a new set of shoreline housing units. Once this land is developed
a tertiary level of impacts may be imagined. This third level might
include the need to develop an all-weather road system, the need
to build a new school for the children of year-round residents, an
extention of the village water and sewage system, so forth and so on.
The point is that the impact of a dam on the Lamoille at Cambridge
certainly moves beyond the immediate impacts of dam construc-
tion, water flow regulation and the like on local ecosystems and
social structure. We must recognize in our assessments that timing
is a critical element, and that one impact can become the cataylst
for an entirely new set of adjustments and reactions. This is the
nature of real world systems.

At bottom, then, we may never be able to develop a single ap-
proach for all problems which will guarantee the results NEPA seeks
to achieve.’? This is a limition imposed upon us, and the tools we
can develop must relate intimately with a set of realities dictated
by the very nature of environmental systems.

___..—<<<©>>>——.—-—
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