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PREFACE

In February, shortly after he became President of the United States,
Jimmy Carter launched a massive review of Federal water resource projects
with an objective of eliminating those on-going and proposed efforts which
were environmentally or economically unscund, A key feature for the Carter
team in the assessment of euvironmental impact was the impact of any con-
struction on the dwindling wetland assets of the Nation,

At that time T was serving as head of a U, 8. Army Corps of Enginecers
field unit and geveral of the unit's projects were subject to the Carter
review. Considerable disagreement among experts was obvious as we quickly
responded to Washington-level calls concerning wetland impacts in the cen-
tral portion of the Lower Mississippi Valley. While we were able to respond,
to a degree, to the information needs of the Washington Task Force oversee-
ing the review, I was never satisfied that either we or the Washington
group had been able to properly define the relative impacts of our proposed
projects on the wetlands of our area, It was as iIf we were attempting to
rope a puffy cloud--we couldn't tie anything dowm,

This paper represents my look for the methodology I would like to have
had in March 1977,

The first section provides a short background on federal interest in
wetlands and & discussion of how, when, and where man's impact on wetlands
occurs, The next section focuses on impact assessment, first by defining
the characteristics of a usable evalvation system and then by briefly sur-
veying current evaluation techniques, The third section proposes the Wet-
land Evaluation System (WES), my concept of an evaluation system, The
fourth section applies this model, for illustrative purposes, to abbreviated
case studies of wetland evaluation in the Yazoo Basin of Mississippi and the
Neuse River Estuary of North Carolina, The paper concludes with some com-
ments on the utility of the WES and the concepts contained within the WES,

The importance to me of the WES rests in its use as a strawman, WES
is not a black box; i,e,, plug in information, get out decisions. WES is a
way of doing the business of evaluation., Examination and use of the WES
and an understanding of the features of the WES should be useful to those
in the model development arena, WES is a practitioner's approach to evalua-
tion, It is usable today.

This paper was initiated in October 1977 as part of a University of
North Carolina Seminar in Land Use and the Environment and was carried to
its present form as part of a Seminar on Coastal Land Use, I am indebted
to Professors F, Stuart Chapin and Maynard M, Hufschmidt, Department of
City and Regional Planning, for their advice, assistance, and comments dur-
ing the initial development of the WES, Professor Arthur J, Hawley, Depart-
ment of Geography, provided invaluable aid and guidance in the follow-on
efforts, especially with respect to coastal area problems,
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I would also like to express my thanks to Mr, Tom Holland, Mississippi
River Commission, Mr. Charles Solomon, U. S. Army Engineer Waterways Experi-
ment Station, Mr, Dick Reppert, U, S, Army Engineer Institute for Water
Resources, and Mr. Grady Meehan, Institute for Research in the Social Sci-
ences, UNC, for their assistance,
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1
WETLANDS
Wetland is a collective term encompassing ., . . areas such as

swamps, marshes, and bogs. It shares their hydrologic, vege-
tative, and soil characteristics . . . . (Hawley, 1977)

Until very recently, to most people in this country, a wetland was a
Yswamp" and the general attitude was, "Who needs a swamp?" For years we
have used our wetlands as dumping grounds, areas to be filled for develop-
ment or as land banks for future use for development. Tens of thousands
of acres of coastal and near coastal wetlands were converted to communi-
ties in New Jersey, Maryland, Virginia, North Carolina, Georgia, Florida,
and Louisiana. Inland marshes around the country were filled for similar
purposes.l If one were to believe the glossy advertisements for new
developments along the Atlantic and Gulf coasts, the end of construction
was not in sight as more and more Americans were seeking second homes or
moving to the sunbelt or coast for retirement.Z Few people saw any real
need to protect these areas--those that did were labeled "bird watchers"
or "conservation freaks."

In the background, however, voices could be heard. Professor Eugene P.
Odum and his brother, Professor H. T. Odum, were talking about something
called "ecology" and the ecosystem approach, As early as 1950, E. P. Odum
wes warning that all species, all forms of life, even those invisible to
the naked eye, were critical to the existence of the natural system as a
whole~--yes, that even swamps were important (Odum, 1971),.

And then there was Rachel Carson and Silent Spring. There was a new
focus on nature. People began to listen to conservation and wildlife groups
as they spoke of guarding the enviromment. Wetlands became recognized as
useful parts of some coastal areas, needed for "flood and water storage,
wildlife habitat and fish spawning grounds' (McHarg, 1969). The role of
wetlands as nature's living wastewater filter was seen by many. The Fed-
eral Sea Grant program pumped funds into a serious look at the ecclogy of
the coastline. Some states even developed management programs for their
wetlands.3 And then it happened--strong federal action.

On 1 January 1970, the President of the United States signed into law
the National Envirommental Policy Act (NEPA), The Congress recognized
", ., . the profound impact of man's activity on the interrelations of all
components of the natural enviromment . . .'" and declared it to be the
policy of the Federal Govermment to ". . , use all practicable means and
measures . . . to create and maintain conditions under which man and nature
can exist in productive harmony . . . M4 In addition to simply requiring
govermment agencies to assess the impact of their activities on the environ-
ment, NEPA served as a forerunner and catalyst for many bolder ventures
towards protecting the enviromment in general and wetlands in particular.

In the Coastal Zone Management Act of 1972, Congress recognized the
wetland problem: ''The coastal zone and the fish, shellfish and other



living resources and wildlife therein, are ecologically fragile and conse-
quently extremely vulnerable to destruction by man's alterations."’ The
Act put into motion planning and control efforts by state and federal gov-
ermments designed to ultimately safeguard these critical areas. The fed-
eral act was followed closely by many similar state actions.

The same Congress addressed wetlands again in PL 92-500 (The Federal
Water Pollution Control Act Amendments of 1972) requiring that the place-
ment of dredged or £ill material in wetlands be authorized by a federal
permit.6 The scope of this part of PL 92-500 was broadened in 1975 by a
U. S. District Court decision which extended the federal jurisdiction_from
more traditional "navigable waters" to "waters of the United States.'/
This action placed the responsibility for controlling development in most
wetland areas of the United States in the hands of the Army Corps of Engil-
neers. As early as 1973, these Army Engineers had indicated that:

Unless the public interest requires otherwise, no permit
shall be granted for work in wetlands igentified as im-
portant . . . unless the District Engineer concludes ., . .
that the benefits of the proposed alteration outweigh the
damage to the wetland resource . . . .8

The culmination of federal focus on wetlands came on 23 May 1977 in
president Carter's first envirommental message to Congress.

The important ecological function of coastal and inland
wetlands is well known to natural scientists. The lasting
benefits that society derives from these areas often far
exceeds the immediate advantages their owners might get from
draining or filling them.

. . . We must now protect against the cumulative effect of
reducing our total wetland acreage.

This message was followed by Executive Order 11990 which directed fed-
eral asgencies to insure, in all actions under their jurisdictiom, the proper
protection of wetlands,

Civen a real or even a begrudging acceptance by the nation of the value
of wetlands and recognizing that some development will occur in er impinge
on wetlands, the problem becomes how to measure these impacts and place a
value on them. This paper assumes acceptance of the value of wetlands to
society and therefore, in general, treats man's intrusion into these wetlards

as a negative factor.

Man's Impact on Wetlands

Man's first steps into the wetland environment bring change. As man
travels, his actions will often change systems, and his impact will be
noticed. It will be noticed first at the time of his entry and depending
on the nature of his actions, it may be felt again over weeks, months, or
years. His actions will have an impact on the varied features of the wet-
land environment.



Spatial/Temporal Impacts

Obviously, actions within a wetland affect that wetland and often other
areas as well. But how far should one go to probe the impact of these wet-
land activities? There must be some limit. This paper will work in terms
of the river basin, the river estuary, or a sector of coastline.

A river basin is defipned by the American Collegiate Dictionary as a
'"hollow or depression in the earth's surface, wholly or partially surrounded
by higher land."

Figure 1 illustrates a typical river basin,
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Figure 1, River Basin

The primary focus of the basin is its principal river. Tributaries of
various size give it its breadth and sometimes its length. Basins may
range in area from & few square miles to the 1,25 million square miles that
make up the Mississippi River drainage basin.

Wetlands occur throughout a basin. If a project, say a highway, is to
be built at location "A," then it would have direct impact on the wetlands
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at location "A.," Direct impacts are those actions at the project site which
cause permanent change in the wetland environment at the project site.
Direct impacts include such work as land filling or land drainage and are
attributable to the project itself as opposed to those impacts resulting
from the presence of the project and which follow the project construction,
These follow-on impacts are secondary. The road project (a land fill--
direct impact) will probably result in numerous secondary impacts at
location "A." Motorists traveling the road may litter the wetlands causing
visual or physical pollution, Hunters might use the highway for poaching
game resulting in a decrease in wildlife in the wetlands. The magnitude of
these secondary impacts may be minor or they may exceed in scope the direct
impacts of the project itself,

There will also be impacts on wetland "A" from actions by man (or
nature) that are not related to the road project. These "other' impacts
might include damming of the river upstream of wetland "A," which would
cause a reduction in water quantity at '"A," or construction of a road at
"B" which would result in water quality changes at "A," "Other" impacts
might also include land use changes on the periphery of "A," which would
affect any aspect of the wetland at "A."

Lastly, there is a cumulative impact. The degradation of one small
area of wetlands might be of only minor consequence. However, considered
with similar losses in many other areas, the loss effect would be syner-
gistic with the total loss to the basin being considerably greater now than
simply the sum of the individual losses. For example, certain endangered
species, like the Florida panther, require considerable "roaming room,"
Loss of a few acres, in itself, would cause no major problems. The loss
of several tracts, especially those that might destroy the contiguity of
large wooded areas, could be disastrous. The overall impact of the loss
of "linking" woodlands cannot be measured in terms of the loss of the linmk-

ing woodlands alone,

There are also construction impacts., While actual construction of the
road at wetland "A" will cause some impacts in wetland "A" (and in other
areas), these comstruction impacts are normally temporary and will be dis-
regarded in this paper.

The same types of impacts would occur in an estuary (Figure 2) or
-along a coastline (Figure 3},

Estuaries are defined by Thomas Detwyler (1971, p. 266) as '"places of
dynamic interaction, where rivers meet the sea and deposit their wastes,
where fluvial and oceanic processes interact a complex interface.," In the
estuary situation one must account for "othexr" impacts which may come not
only from within the estuary but also from outside the estuary. The impacts
from outside the estuary are treated simply as impacts which are initiated
at the point of entry into the estuary (e.g., location "C").

Coastlines are areas completely under oceanic processes ana influences.
In the coastline case, the "other" impacts must be treated as impacts which
come from a series of spatially distributed locations (e.g., "D1," 'D2," etc.).
This spatial distribution equates to the broader types of pollution impacts
(e.g., oil spills) which affect large sections of coastline.

4



b L N S

SHLT WATER

&l
-y * -
N sk
o€k
AR
-k
rRIVER
o - ' _ e
L A w
- - j . -
Figure 2. An Estuary .
D' D:. D,
N
-‘-\_‘\-——Wﬂﬁ_ﬂw
bl L—"‘-—-—"‘\——-—“_.._.————‘——
-} ; SEAcy Line
‘f BELm LivE (Dowes
INLET

Figure 3. A Coast Line



Features of a Wetland

As mentioned earlier, there are myriad elements that make up the
wetland, from the invisible phytoplanktom to the thousands of gallons of
water that must periodically cover the wetland surface. Man's impact on
these wetlands may be felt in three ways: ecologlc, human interest, and
economic. There is a tremendous interdependence among these categories and
within the categories themselves. This interdependence is dynamic and is
part of the very fabric of wetlands.

From an ecological standpoint (ecology = "interrelationship between
living organisms and theilr environment," Odum, 1971, Pp. 3), man, by his
actions, destroys many components of the ecological system. Results of his
actions can be seen in the actual destruction of fish and wildlife or can
be hidden from the naked eye as in the loss of micro-organisms. The results
may be evident as in the clearing of bottomland hardwoocds, or subtle, as in
glow changes in water quality.

In the human category, wan derives pleasure from being able to walk or
boat in a wetland. WHe is enthralled by the beauty of a knobby kneed cypress
or the solitude of am isolated bayou. He can appreciate the sights and
sounds of a relatively unspoiled area. But man can alse have an adverse
impact on all of these features.

Man's intrustion into the wetlands also can have economic impacts.
Filling of a swamp for the purpose of building a new community can bring
tremendous profits to the developer. Conversion of "marginal” wetlands to
agriculture can bring new money to the farmer and raise the standard of
living of his employees. While the largest economic benefits of the use of
wetlands relate to changes in the physical structure of the wetlands, use
of wetlands for recreational purposes can also generate economic benefits.
The local ecomomy is stimulated by hunting and fishing activities through
sales of related supplies and services, In addition, wetlands, in many
cases, serve as natural wastewater treatment facilities, as air cleaners
and as natural reservoirs for storage of flood waters. Each of these uses
also generates economic benefits to the community.



11
ASSESSING THE IMPACTS

Evaluation Techniques

|
i As indicated in the preface, there is no approved solution for evalua-

. tion of wetlands, EPA notes that:

There is nc universal methodology for evaluating environ-
mental impacts. In all cases, one must ultimately rely on
! value judgments, which are difficult to quantify and can
vary on a case-to-case basis,
From a review of the variety of techniques that have been tried, it is
lso apparent that there ies no consensus as to which approach is the best.
This section will discuss the characteristics of a good assessment system
lLand will highlight several approaches that have been used in the assessment
of man's impact on the enviromment in general and on wetlands in particular.
Review of all such systems in detail would fill volumes. (General reviews
are found in Solomon, et al, 1977, and Warner, et al.)

For years, various agencies of the federal government have used
benefit/cost analyses as tools for assessing the relative merits of their
water resource projects. This technique depends entirely on the ability to
assign economic costs and benefits to all aspects of the project. In the
past those items deemed non-quantifiable were simply omitted from the
economic analysis. The recent wave of interest in the enviromment brought
with it pressures to place dollar values on recreation, wetland products,
and aesthetic features. Efforts have been made to assign dollar values to
hunting days, but anyone who has attended a public meeting involving con-
sideration of the value of those hunting days knows of the debate that oftan
rages over the specific figures used. Also, there has been little progress
in gaining aceceptance for systems which place dollar values on the various
features of wetlands.

In an early attempt to price the value of wetlands, Benson and Perry
(1965) provided a subjective appraisal of the value of New York marshlands,
Noting that the marsh was useful for storage of drinking water, flood water
storage, sediment reduction, vegetation production, waterfowl and wildlife
habitat, recreation support and education, they found an acre to provide an
annual return of nearly $20., This developed a capitalized value of $350/400
per acre. E. P. Odum, Gosselink and Pope, in a 1972 study, developed data
indicating that the value of a tidal marsh, in terms of its annual return,
was close to $4,150 per acre, with an scre having an income capitalized
value of $85,000. These figures were based on assigning values to the
fisheries, storm buffer, aquaculture and waste treatment characteristics
of the marsh (see also Wharton, 1970). Regional scientist Walter Isard
(1972) in a study supported by the U, §, Department of Commerce applied
comparative costs and input-output techniques to evaluation of a marina
project in Massachusetts. 1Isard assigned dollar costs (e.g., annual value
of an acre of spartina grass--%$25) to damages to ecclegic systems, and he



considered these costs in his final appraisal. T. R. Gupta {1973) devel-
oped criteria for evaluation of the dollar value of freshwater wetlands.
Gupta's efforts were closely tied to the market value of wetlands in
Massachusetts and led to market values of $500 to $60,000 per acre, depend-
ing on the quality of the wildlife, aesthetic, water supply and flood con-
trol characteristics of the wetland (see also Larsom, 1976). York, Dysart
and Gahan (1977) developed a complex model for "economic analysis of
prospective management schemes" in natural areas. By assigning dollar
values to "semi-tangible' benefits and the option value of the natural
area (from Kruttila, Cicchetti and Freeman), they were able to compute a
figure for the net economic benefit of a project.
o~

Jaworski, McDonald, MecDonald and Raphael (1977) and Raphael, Jaworski
and McDonald (1978) estimated the gross annual financial return from Michi-
gan coastal wetlands and used this value to develop economic values per
wetland acre/year. Their 1978 analysis found that the annual return from
an acre was $489,69, with the largest amount coming from sport fishing. Non-
consumptive recreation, waterfowl hunting, trapping and commerclal fishing
accounted for the remaining amounts.

While economics-oriented systems similac to the above offer some hope
for the future, it is difficult to believe that they will gain any real
acceptance until there is a better understanding of the relative values of
the non-quantifiable environmental factors. TFederal courts make avards,
in cases involving land values, using the comparable sales principle.
Since, at present, there is no market for wetlands at $85,000/acre, there
are no $85,000 sales. Even values in the $1,000 to $4,000 range are often
difficult to justify when there have been no market experiences at this
level.

Tt is doubtful that the Congress is ready to accept benefit/cost ratios
based on the assigmment of dollar values to enviromnmental features.

Recent efforts by the U, S. Water Resources Council to develop princi-
ples and standards for the assessment of water resource projects have
focused on the subjective evaluation of these non-quantifiable features
rather than on the assignment of dollar values to these features.ll

Since, for the present, the ground to be plowed is this assessment of
non-quantifiables, this paper will focus on this aspect rather than on
economic evaluations. No further attempt will be made to discuss or treat
economic evaluations, as important as they may become in the more distant
future.

A "Good" Evaluation System

EPA, in a recent book, Envirommental Assessment Perspectives, indicates
that the usefulness of an assessment methodology can be judged on the basis
of four factors:

(. Accuracy--Ability to portray comprehensively and fairly all
impacts.

[ - Replicability--Ability to be used by different investigations
of the same subject with equivalent results.
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- Economy--Reasonableness of demands upon the analyzer for time
and sophisticated computational techniques.

- Understandability--Ability to be understcod by persons of
different backgrounds.

\ Wﬁ The above criteria are important and serve to generally outline the
| requisites of a good evaluation system. Accuracy must include validity and
“dppropriateness as sub-features. The concepts used in the methodology

_i;

must be theoretically (as well as mathematically) valid. The objectives

of the methodology, the output, must be appropriate or clearly related to
the input. Replicability is critical in methodologies used by hierarchical
organizations where the work of the project analyst will be reviewed at
level after level of his organization and possibly even by the courts., It
is replicability (the ability to get the same output each time) not repeat-
ability (the ability to get some output each time) that is important,
Economy must go beyond savings in the time of the anelyst (although that

is certainly important). It must also include economies of computation,
data collection and display. Dale Keyes (1976, xiv) points out, for example,
that "Estimates (of envirommental impacts) made by simple inferences will
require relatively expensive field surveys (perhaps ten to twenty thousand
dollars for a fifty-acre site) if the estimates are to be quantitative.”

A major endangered species study can cost over $100,000. These kinds of
costs must be taken into account in methodelogy design.

In addition to the four "EPA factors" listed above, a good system also
should have flexibility, should consider the area under study as part of

'some overall system, and should take advantage of the advice of experts and

the public.

Recognizing the needs of the planning process, a good methodology should

~ be flexible enough to be as responsive to the planner who needs a 72-hour

turn-around time for study results (and has only $500) as it is to the
planner who has two years (and say, $50,000) for his study. Obviously, they
both would not get the same output, While the shorter study might be more
gross, it should be part of an umbrella that would cover the longer, more
detailed study. Te say that a system cannot be used unless a pre-specified

-amount of field data is available severely limits the application of the
 system. If a decision must be made and will be made, then the system
i should be able to provide results based on the best information available.

System considerations are also important, E. P, Odum notes in Science
that there is a need to move te "more holistic approaches wherein inter-
active, integrative, and emergent properties are also included,” As men-
tioned earlier, a single wetland area is certainly part of a basin, estuary,
or coastal regime and that relationship must be examined.

Surveys, investigations, and field counts produce much data--data that
can be manipulated, sorted, and displayed. These data are useful. However,
equally useful are the advice and opinion of individuals who have personal
knowledge of the situation at hand, A wildlife biologist who has spent years
in an area has an intuitive feeling as to values of various envirommental
features. A farmer who has hunted all his 1life in a wetland is in a position
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to give advice on the relative importance to him of the various features
of that wetland. Neither view is in itself the complete end answer, Both
views go to make up the whole and should be considered.

An assessment methodology giving due consideration to these criteria
would be well on its way toward being a good methodology.

Current Assessment Techniques

There are many systems, technigues, and models for assessing the impact
of man on the environment. In general, they fall into two categories:
macro and miero.

_ Micro systems look to the assessment of specific impacts of man's
 actions on -small, sub-systems of the environment. Typical of these would
be the whole family of water quelity assessment models, various fish and
other aquatic life evaluation tools, By dealing with a few very select

elements of the enviromment, to the exclusion oi the remainder, these

models are able to provide reasonable and accurate predictions of the
results of specific actions on specific sub-systems of the environment.
CLEANER, a complex ecosystem model, is typicnl (Russell, 1975, p. 50).

It deals with macrophytes, phytoplankton and other biologic elements and
requires 29 coupled differential equations to determine the relative quality
of these smaller elements of the food chain. EPA's (1974) Ecosystem
Analysis of the Big Cypress Swamp and Estuaries provided a similar heavy
focus on the sub-systems of the area.

?ﬂ Macro models, on the other hand, focus on the complete picture, the

- "pig picture." They are management oriented. Through selection of only
those factors or elements of the environment deemed critical, macro models
attempt to provide a holistic approach. E. P. Odum (1977) agrees that,
n_ . . there is much to be said for a procedure that combines a few selected
systems-level properties that monitor the performance of the whole, with
selected 'red flag' components, such as game species, or a toxic substance,

_that, in themselves, have direct importance to the general public . . . ."

Clifford Russell (1975, p. 354), speaking at the conclusion of a
Resources for the Future Symposium on ecolegical modeling, indicated:

T now have a strong feeling that the models are considered
pretty good up to phytoplankton and not much beyond that.

I have asked questions about the management context and T
have the impression that this is where we really need to do
a lot more work together.

Recognizing that the emphasis now needs to be on the macro, this paper
will focus on the macro evaluation system or model.

(- Macro models can be classified as graphic, computer assisted graphie,

quantitative and matrix. Each type, in reality, contains elements of the

other and each model type develops its input from the same general sources
as the others. Some models will use, as base information, data obtained by
the gestalt method wherein an observer makes a generalized subjective
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assessment of the whole without attempting to sum its parts. Other models
will bé based on painstakingly procured counts of specific ecosystem com-
ponents, which are added to other similar data to derive various indices.
Most will fall in between these extremes.

Graphic Models

; Perhaps the grandfather of all graphic modeling is Tan McHarg. His
'models stand as the best examples of this class. 1In Design With Nature

(pp. 36-41), he described the assessment of a variety of envirommental
impacts with a series of overlays, which taken together portrayed areas

' where a given project would encounter the least and highest social costs.
As illustrated in Figure 4, degrees of shading depict the differentisl
impacts. 1In this case, the darker the shading, the greater the impact of
man's intrusion. '

NAK

RECREATION VALUES RESIDENTIAL VALUES

Figure 4. Typical Visual-Macro Display
(from Design With Nature)

By combining these overlays, each of which might be prepared by an
expert in the feature described, an assessment of the totsl impact of a
project can be made (Figure 5).

The McHarg system, in its basic form, provides equal weighting (or
value) to each overlay. By varying the shading intensity among the over-
lays, a limited weighting system can be used. 1In either case, the product
is in a display form that is understandable to the decision maker, He, as
well as the public, can see the impacts that are being modeled.
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Figure 5. Combination of Overlays
(from Design With Nature)

Computer Assisted Graphiles

Recognizing the shortcomings of equally weighted overlays and the prob-
lems in physical recognition of a spectrum of shaded weightings, McHarg
and others turned to the computer to develop systems that would allow more
flexibility., Over the last ten years, a number of impressive strides have

been made.

Harvard University's Graduate School of Design, the center of much of

this activity, developed GRID, a computer graphic display system.14 GRID
- divides the study area into square cells (of various sizes) and permits the
{ analyst to assign values to the eell for each feature being considered. A
f computer printed (not plotted) map is easily prepared for the study area for
| each feature (Figure 6). Then, if desired, the values of each cell may be
. weighted and summed to provide an overall value for the cell., This provides,
' 4n a menner similar to McHarg's, the areas of most and least envirommental,
social, and/or even economic cost. (See also Clout, 1972, Chapter 9.)

L
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Figure 6. The GRID System

Harvard's Steinitz, in a 1969 study for the Army Corps of Engineers,
applied the GRID technique to 16 different non-display methodologies and
found that the utility of each was generally epnhanced by the graphic
display.

Since 1969 numerous improvements have been made in the state of the art.
GRID has been supplemented by sSystems such as SYMAP (Figure 7) which permit
contour-proximal as well as choropleth mapping and CALFORM, a plotter pro-
gram (Figure 8).

Steinitz and the Corps of Engineers worked together in the Santa Ana
basin in California to add more sophisticated input systems to a basic
GRID effort. The Santa Ana and a similar study in the Oconee Basin in
Georgia have shown the versatility of this type of program.15 Systems
such as Harvard's SYMVU which produces "3-D" plots are useful for high-
lighting what has been pointed out in other efforts (Figure 9).
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Figure 9. SYMVU
United States from the Southwest

While each computer graphic system is useful as & means of efficiently
storing and displaying data, these systems rely on sub-systems or independ-
ent systems for preparation of the data from which the graphics are taken.

The principal value of the graphic is its recognizability, As with the
McHarg product, the decision maker can generally understand the results and
relate to them. The principal drawback of graphics rests with the difficulty
of assigning values to a visual display. Given several different displays
(e.g., alternative projects}, the decision maker is often hard pressed to
differentiate between the displays and seeks some form of relative standing--
preferably, a numerical value,

Quantitative Evaluation

Countless systems have been developed to produce a numerical value as
the end product. These systems also provide input for several computer
graphic systems as well as operating as independent evaluastion techniques.

Typical of early attempts to quantify the relative wvalue of a variety
of parameters was an effort by the Bureau of Qutdoor Recreation (BOR) (1968,
p. 15) to rate twe alternative routes for Interstate 70 in Colorado (Figure 10).
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TARBLE NO. 2
RALIKG OF FLTERHATE ROUTTS FOR INIERSTATE 70
RETEEN LDOTH CREIK AND DILLON, COLORADG

= Ratirg Of h’eighted'.’::!
Refer- | Alternatas Height Ricinge
Factora ence* [ Vail Red Factor | Vail Red
Pags Buffalo Pags | Buftalo
Wilderness [, o -1 -3 s -3 -15
Lass
Driving
L2, + +6 -
ENVIRONMENTAL ni::un a2 ? 1 + e
AND
R o | Fisb and :
wWildlife AD -1 -4 2 -2 -8
Damage
Other b, | 12| n 2 |+ | +2
Recreation T
Local B.1. +3 +2 3 +9 +6
IMBACT OB .
2. +
ECONGMICS State BE.2 3 +3 4 +12 +12
Natiomal E.3. +2 +1 5 +10 +5
Anmual
Direct C.1. +1 +1 5 +5 +5
Cost
HIGHWAY }—
EFFICIERCY Traffic-
FAUTORS Carrying C.2. +2 +1 1 +2 +1
Abilicy
Sefcty c.3. -4 +i 4 +16 416
TOTALS +58 +30

Figure 10. BOR System

Each factor was rated by BOR personnel using all available information
sources (to include conferences with local officials and representatives).
The same team then assigned relative weights to each parameter. The sum of
these weighted ratings was then used as a guide for determining the best
route.

An attempt to develop a more comprehenslve quantitative system was
made by Norbert Dee, et al, in a 1972 Battelle study. They developed, at
the request of the Bureau of Reclamation (BuRec), a system in which
1000 possible envirommental quality points were distributed emong ecology,
environmental pollution, aesthetic and human interest parsmeters (Figure 11).

The assignment of relative values to these parameters--i.e., their
share of the 1000 points--was made by the Battelle team of experts. The
assignment of values within each parameter was to be made by field person-
nel of BuRec based primarily on a series of charts (Figure 12) depicting
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Field personnel would use these curves to determine the
gquality level, in their area, of a given parameter.
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functional relationships between environmental elements and levels of envir-
onmental quality. This system aimed to provide consistency of evaluation
throughout BuRec. With the Battelle system, theoretically all BuRec projects
could be ranked according to their impact on the environment. In reality,
the system floundered on disagreements over the relative values of the
parameters and on the lack of local input to the basic rating process.

A recent effort to develop a more flexible quantitative system is
found in the Army Engineers Waterways Experiment Station's Water Resources
Assessment Methodology (WRAM), which wae developed by the Army in an effort
to support the Water Resources Council's principles and standards. WRAM
(Solomon, et al, 1977), which resulted from a survey of most available
assessment techniques, combines many aspects of the Battelle model with the
use of a semi-sophisticated weighting system and an interdisciplinary team
approqsh to assignment of parameteXx values. The weighting system is based
on Dei? and Nishry's (1965) relative importance coefficient (RIC) (Figure 13).
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Figure 13. Relative Importance Coefficient (RIC)

Each variable (V,) is compared individually to every other variable
ro determine which of the two being compared is most important in the study
area. The more important variable is assigned a value of one, while the
other receives a zero. If they are equal, both receive 0.5. The RIC then
reflects the overall relative welight of the variable.

A similar scheme is followed to assess the relative impact (benefit)
of given alternatives on the study area, with alternatives replacing vari-
ables in the matrix to produce alternative choice eoefficients (ACC)., ACC
are combined with the RIC to produce a final coefficient matrix (Figure 14).
This matrix indicates the most beneficial alternative to be "A."

Actual choices between alternatives in developing the ACC may be based
on subjective evaluations or on detailed analyses.

18



Final
Coefficient Matrix
ACC of Alternative RIC x ACC

Variable RIC A B C D A B C D
vl 0.20 0.25(0.25 {0.40 | 0.10 | 0.05 }0.05 | 0.08 |0.02

v2 0.40 0.33| 0.00 {0.17 | 0.50 | 0.13 |C.00 |0.07 |0.20

V3 0.10 0.300.30 |0.20 | 0.20 (0,03 |0.03 |0.02 (D.02
V4 0.20 0.30(0.30 [0.30 | 0.10 [(0.06 |0.06 { 0.06 [0.02
v5 0.10 0.50 | 0.17 |0.33 | 0.00 |0.0510.02 |0.03 |0.00
Total 0.32 10.16 [ 0.26 [0.26

Figure 14. WRAM Coefficient Matrix

The Corps of Engineers Lower Mississippi Valley Division's Habitat
Evaluation System (1976) as well as the U. S. Department of the Interior's
Fish and Wildlife Service Habitat Evaluation Procedure (1976) both focus
on developing quantitative data concerning wildlife habitat, The Corps
of Engineers' program relies heavily on the use of Battelle-type curves
for placing values on habitat, The curves, however, are developed by an
interdisciplinary team in the local area rather than at the national level,.
The Fish and Wildlife Service's model places heavy reliance for habitat
evaluation on the subjective views of a team of experts who visit the area
being evaluated. Dr. Albert Radford (1977) has developed a model to mea-
sure end inventory species, community, and habitat diversity in natural
areas. Involving classification at the system, sub-system, class, sub-
class, generitype and type levels, the focus is on gaining maximum knowledge
about all levels of the biology, climate, soils, geology, hydrology,
hydrography, topography and physiography of the area. Following classifi-
cation of the area (and concurrent development of knowledge about the area
by the classifiers), seven systems are rated by the classifiers (Figure 15),
The sum of these ratings provides the natural area evaluation.

The Army Corps of Engineers Institute for Water Resources (IWR) is
currently working a dual track methodology for developing quantitative
evaluations. In a 1977 draft of Wetland Values, IWR proposes two approaches.
When adequate time for a detailed evaluation is not avallable, a desk-top
deductive assessment of critical wetland values would be performed. When
more time is available, an in-depth analysis would be carried out. This
analysis would involve the evaluation and weighting of some fifteen param-
eters, resulting in a total score for each wetland being evaluated. Wet-
land Values underwent field testing in late 1977 and is now in final review
prior to publication.
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B. NATURAL AREA EVALUATION CLASSIFICATION SYSTEM SUGGESTIONS

INFORMATION SYSTEM I INFPORMATION SOURCES I DOCUMENTATION I

A. ENDANGERED & THREATENED SPECIES {total: )
Endemic 10 Internaticnal Listse

Endangered
Endangered Throughout 9 Smithsonian List
Endangered Disjunct 8 State Liste
Threatened Endemic 7 Field observation, determination
Threatened Throughout 6 and authentication
Threatened Dizjunct 5
Endangered Peripheral 4
Threatened Peripheral 3

" Infrequent Endemic 2
Infrequent Peripheral 1

B, BIOTIC AND ABIOTIC DIVERSITY (total Biotic: ; total Ablotic: }
Biotic Systems — Pedologle - Vegetation maps, studies and reports
Cover Classes - Geologic - Pedologic mapas, studies and reports
Cover Types - Hydrologic - Hydrologlc maps, studies and reports
Species -~ Topographic - Topographic maps, studies and reports
Hydrographic = Field observation, determination and

Excellent, 5; Good, 4; Average, 3; - authentication
Mediocre, 2; Poor, 1.

C. NATURAL FEATURES CONDITION (total: }
Communities — Hydrology - Pertinent reports and studies
Pedology ~ Topography = Pleld observation and determination
Geology - Hydrography -

Virgin or excellent, 5: Good, 4;
Average, 3; Mediocre, 2; Poor, 1.

D. MNATURAL FEATURES DISTRIBUTION (total: )
Community = Hydrology - Vegetation maps, studies and reports

Pedology - Topography - Pedologic maps, studies and reports
Geology - Hydrography - Geologic maps, studies and reports
Hydrologic maps, studies and reports
Topographic maps, studies and reports
Hydrographic maps, studies and reports
Field observation and determination

Endemic, 5; Unlque, 4;
Infrequent, 3; Common, 2;
Very Common, 1.

E. HUMANISTIC FEATURES (total: )
Aesthetic Value - Field experjence and reports
Scenic Value - Scientific reporcts
Scientific Value- Historical reports
Historical Value- Land Use reports

Excellent, 5; Good, 4; Average, 3;
Mediocre, 2; Poor, 1.

F. PRODUCTIVITY etc. (total: ) Wildlife reportse
Biomass - Economic reports
Cover -

Food -

NATURAL AREA EVALUATION
Total:

Breeding territory -

Excellent, 5; Good, 4; Average, 3;
Mediocre, 2; Poor, 1.

Figure 15. Natural Area Evaluation
(A.E, Radford)

While the above systems, as well as other similar systems, provide
quantitative results, considerable effort is required to develop the
results, and none of the systems, in themselves, provide an adequate visual

- display of the results,
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Matrix Analyses

Matrix models portray for the decision maker the relative importance
of project impacts on specified features of the enviromment, He must then
assess the relative weights of the factors involved and make his decision,

Typical matrix analyses are the USGS Circular 645 effort and a pro-
gram developed for the Army by Battelle.

Tn the USGS effort (Leopold, 1971), an 80 x 100 matrix was developed
(Figure 16), Values were assigned at each intersection of project action

. and earth/water process for the magnitude of the impact and the importance

of the impact, By reviewing the row or columns, the decision maker could
rapidly determine the relative impact of a specific action or the relative
impact on a specific natural process by all of the proposed actions.

The Battelle (1974) effort, which focused on the impacts of dredging,
proposed the use of a series of matrix displays which characterize the
impacts of actions on processes with a scale of ++ to --. Again, the
utility of the system rests with the ability of the decision maker to
assess the relative weights of the various interfaces (Figure 17). A
similar matrix approach is also found in Clark (1977).

TABLE C-3. SUMMARY OF AESTHETIC IMPACT ANALYSIS FOR REACH 1, CHOCOLATE BAYOU

Present | Without Project Alternarive-A Alcernative-B
2-3 yre | 3-50 yrs | 2-3 yre | 3-50 yre 2-3 yrs.| 3-50 yra

1.and

Surface Configuration o 0 0 + + + *

Geologicsl Surface Material ] ] 0 -— 0 - o
Watar

Flow Q 0 0 1] o ]

Clarity 0 0 0 - L] - 0

Land-Water Interface + + + + + + *
Ads .

odox 0 0 0 o] o 0 0

Claricy 0 0 [+ - 0 - Q

Sounda 0 - - - - . -
Biots

Shoreline Vegetation 1] 0 '] 0 Q - 0

Upland Vegetatlon - - - —_ - - -

Terrestrial Anjmals - - - — - - -

Aquatic Animals + + + - - —_ -
Han~Made Structures

Cappatibllity - - - - - -— -

Planting and Site Design 0 0 0 1] 1 0 0
Composiction

Prospect + + * -+ 0 + I'v]

Composlte Elfect 1] - - - _ - _—

KEY: ++ Uniquely attractive for region, not more than one comparable example exists
+ Unusually attractive for reglon, twe or more comparable cxamples exlst
0 Comparable to rezlonal wers
-~ Upusually unattractive for regiom, twe Or more conparible examples exiet
— iniquely unactractive for region, not more than one conparabla exsmple existe
* Conditions highly uncextain, see text

Figure 17. Battelle Matrix
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Other Systems

The above categories obviously do not exhaust the types of environ-
mental impact models available. They do, however, provide an overview of
the principal types in use, Several other systems have been used, and two
are worthy of comment because of the lack of parallel systems. '

Following up earlier work by Leopold (1971), the Kentucky Water
Resources Institute (Dearinger, 1971) has developed & model which focuses
on the uniqueness of a given envirommental resource; in short, focusing
on those areas that have extremely unique features, be they bad or good,
An area with no super qualities or no poor qualities might receive the
higher rating. If uniqueness is a virtue, this system 1s most effective.

The State of New York (Black, 1974, p. 50) has developed a vulnera-
bility model with the purpose of determining those natural areas most
susceptible to development. The system, which surveys features of wet-
lands attractive to developers, provides an early warning to the potential
of land development and gives the state the opportunity to purchase the
land, if appropriate,
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ITT
THE WETLAND EVALUATTON SYSTEM

The purpose of this section is to present another model--the Wetland
Evaluation System (WES) model. But why another model?

The basic reason for development of the WES is the need to fill a
void., The techniques discussed in the previous section provide partial
solutions to the evaluation problem. WES is an attempt to draw the best
features of these techniques into a method that is usable today. WES
provides the systems approach toc evaluation that is missing in the other
techniques.

Another reason for development of the WES, and probably a more impor-
tant reason, is to provide a vehicle for discussing the several features
which I believe should be included in any model,.

In addition to satisfying the basic criteria for a "good" model out-
lined in Section II, the WES is designed to:

a. Provide a quantifiable output: information that will
enable the decision maker to compare the relative merits
of several alternative plans.

b. Take advantage of the computer's capability to store and
manipulate a large amount of data.

¢, Provide, for the decision maker and the analyst, graphic
displays of the impacts of the various actions being
consldered.

The model is designed to be as useful to the planner who is making a
behind-the-desk survey of wetland impacts as it 1s to the plamner who is in
the last stages of planning and who has had the benefit of extensive visgits
to the project area and is thoroughly familiar with the area. To insure its
understandability, its output displays all of the input information used to
develop the quantitative output.

The purpose of WE§ as a model is to produce information concerning the

change in value of the environmental qualityfof a wetland area (or areas) as
a result of the intrusion of man into the area(s).

The Structure of WES

Since there is no one measure of environmental quality, the model assesses
the change in value of certain environmental quality indicators from a
(today's) base value under "with project' and "without project™ conditions.
These indicators represent the principal features of a wetland and the weighted
sum of thelr values provides a measure of the quality of a designated wetland.
For az given wetland area, the basiec model is:
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() c=VvV, -V
where C = Change in value of wetland area

VB = Base value of area

Ve

1f the value of the area increases, C will be a negative number. This
reflects an improvement in the area's condition.

Value of area under "change from base" conditions

(2) V= W IA F WA, W T A, L H LA

where Wn = Relative weight of Indicator n

I = Indicator n

n
wl + W2 + W3 + ... Wn = 1,00

g
An = Surface area of wetland n~

(3) Vg =W C LA +WC,IA, + ..o WO TA

where Cn = Percentage change in Indicator n under "change from base™
conditions :

To provide for consideration of the probabilities involved, appropriate
factors may be introduced in equation (3) to produce:

(4) Vg, = W,C,PTA +W,C PRI A, + ... WO P TA,

where Pn = Probability of occurrence of event causing change n

Since a wetland area is normally part of some larger system, the change in
value of this system is determined by:

n
(5) Cp= ZE (v, - V)
j=1 j A
where CB = Change within the parent system (basin, estuary, reach)
n = Number of areas

Features of the WES

What distinguishes WES from any other model? While WES is a model, it
is also a system, a way of doing things. It is a system that can be seen
best through the features that go to make up the system. These features or
sub-sets of the system are outlined below.

Environmental Quality Indicators

WES is designed to work with basic indicators of wetland quality. It
is obvious that there are numerous indicators of wetland quality; however,
in order to make the model understandable and the system truly capable of
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being modeled at the maero level, the myriad features need to be

reduced to a manageable level., From a statistical standpoint, factor analy-
sis of data concerning many wetlands could produce some sense of the domi-
nant features or indicators of quality in these wetlands. A similar result
can be obtained by a subjective "factor analysis." Perhaps fifteen or
twenty would provide representation; however, as the number of indicators
increase, so will the interdependence among these indicators and the con-
fusion among the evaluators, WES assumes that there are nine critical indi-
cators of a given wetland's quality. While the nine may not fully represent
100 percent of the wetland's quality, they do represent a most substantial.
amount. These nine indicators are:

1. Endangered Species (ENDANG). The quality of critical habitat
in the area for those species listed as endangered by the
U.S. Fish and Wildlife Service (USFWS). Critical habitat is
normally defined (and physically located) by the USFWS as part
of endangered species classification actions. This indicator
would include both fish and wildlife even though they are
logically part of the other indicators listed below., Doing
this provides both visibility for endangered specles, some-
thing mandated by law, and the opportunity for those in the
local area, through the welghting process, to express their
views on the relative importance of the endangered species to
the overall ecology of the area.

2. TFish and Other Aquatic Ecosystems (FISH). The extent, size,
and quality of the aquatic ecosystem as a whole. This indi-
cator reflects not only the vitality and diversity of aquatic
organisms, but also the vegetative and other systemws neces-
sary to support the fishery resources, as well as the water
quality necessary to ensure their existence. If the endan-
gered species indicator (ENDANG) is used, and involves
aquatic systems, the FISH indicator is assumed to be aquatic
ecosystems minus the endangered species,

3. Wildlife and Other Terrestrial Ecosystems (WLDLF). The
extent, size, and quality of the terrestrial ecosystem as a
whole, minus waterfowl, This indicator includes all vegeta-
tion necessary to sustain these ecosystems., It includes con-
sideration of species diversity as well as the periodic
innundation necessary to maintain these biotic species. The
indicator includes all birds except waterfowl. If the
endangered species indicator (ENDANG) is used and involves a
terrestrial system, the WLDLF indicator is assumed to be minus
those endangered species, Waterfowl are excluded from the
WLDLF indicator and placed in a separate category because of
the intense national interest in waterfowl and because of the
obvious close interrelationship between waterfowl survival and
the existence of adequate wetlands.

4, Waterfowl (FOWL). The extent, size, and quality of the water-
fowl population in or known to frequent the area, It includes
‘those vegetative and water features necessary to provide water-
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fowl habitat. As with FISH and WLDLF, if any waterfowl
are listed in the endangered species category, those
species are not considered under this category.

#;' Uniqueness (UNIQUE), The relative degree of uniqueness

' Oof any features of the area. The presence of the last
remaining large cypress in the region or the largest pine
tree in the county or the deepest bayou in the region, for
example, would all be considered as unique features,

é. Appearance (APPEAR). The visual quality of the aquatic

! and terrestrial features of the area. Included in this
indicator are aesthetic qualities of the area such as the
solitude of a remote wetland or a moss-draped bayou as well
as the visual quality of the air and water in the area.

The presence or absence of uncontaminated water would be
reflected both in this indicator from the visual/nasal
standpoint and in the indicators such as FISH or WLDLF as

the presence or absence of high quality air or water impacted
on those features,

7. Natural Protection (PROTEK)., The capability (capacity) of
' the area to hold significant amounts of flood waters as
natural valley storage or the capability of coastal wetlands
to serve as buffers to storm wave action., From a flood
reduction standpoint, a high value would reflect flood
coverage of the area for short periods. This latter, short-
period coverage derives its utility from its "safety valve"
function, which permits peak flows to be stored until natural
or man-made floodways below the wetland area can handle the
stored water, From a coastal standpoint, a high value would
indicate that the wetland provided substantial wave energy
action dissipation.

8, Life-Cycle Support (LIFE). The capability of the area to
serve as a living filter for tertiary treatment of passing
wastewaters and to serve as an oxygen recharge source for
the region. i

g. Historical-Cultural (CULTURE). The number and significance
of historical, cultural, and archaeological features of the
wetland area. Presence of a site on the National Register of
Historical Landmarks would give an area the highest CULTURE
value.

Focus

To provide for a degree of focus, the WES operates with only six of the
nine indicators listed above. Prior to putting the model into operation,
levaluators determine which six indicators (of the nine) best represent the
wetland area under study, Some attributes may be found in only a few areas;

V- L others throughout the basin. Six indicators must be selected for each area
AT
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(see below), but the same indicators need not be used for all areas in the
basin., Reduction in numbers of indicators used permits the WES to avoid
evaluating wetland qualities that may not exist or may exist only to a
limited degree in the wetland under study,

Areas

To permit the wetland to be evaluated with some degree of specificity, '
the total wetland is divided into areas (see Figures 18, 19, and 20).

Areas are selected by those familiar with the basin so that the wet-
lands contained within each area are of a relatively homogeneous nature.
The wodel restricts the size of an area to no more than 9,999 acres,
although normally an area would involve considerably less acreage. Areas i
are then grouped by topography or other suitable criteria into sub-basins,
estuaries or sectors, and it is the sum of these sub-sets that represents
the basin, estuary, or sector as a whole. Where topography dictates, an
area may also be a sub-basin, estuary, or sector.

-
i g,

- -

Figure 18. Typlcal Areas
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Local Citizen and Expert Participation

There is a natural tendency on the part of many decision makers to look
outside their own area for advice and assistance. At the same time, they
may place less stock in the advice of individuals within their own organiza-
tion or area, feeling that their views may be biased towards the "establish-
ment." While there is truly something to be said for both sides, in the
cagse of evaluation of local wetlands, the expertise of the local or regional
expert must be given great weight. The local has seen the area under a
variety of climatic circumstances, Probably, he has walked the areaz under
these varied conditions and can better picture the strong and weak features
of the area. Because he has witnessed a variety of events which have
occurred in the wetland, he is also better able to visualize the impact of
man's actions on the wetland, The local's expertise is something that can-
not be passed over lightly.

Similarly, local officials provide a great insight into the public's
desires--the vox populi. While it is admitted that these local officials
do not always speak for the national or regional best interest, they do
speak for the local interest. Determination of the relative value to the
public of the various wetland indicators under consideration is, to a great
degree, a2 local matter, Often, in the decision-making process of the fed-
eral government, efforts are made to insure public participation. What way
short of a referendum would do more to involve the public than the partici-
pation of their elected representatives in the wetland evaluation process?

WES provides for the participation of highly trained local experts in
the determination of the value of the wetlands under study and in the assess-
ment of the impacts of man's intrusion into a wetland area, These experts
are drawn from the organization conducting the evaluation, the U,$, Fish and
Wildlife Service, state game and fish agency representatives (preferably, at
the local level) and local institutions of higher learning,

Similarly, WES provides for the participation of local elected offi-
cials in the indicator weighting process (described below). Where possible,
the elected officials participating in the program would be drawn from not
only the county or parish in which the wetlands were located but also from
the list of elected officials whose representation is more regional (e.g.,
State Representatives or Levee Board Members),

Evaluation

The WES provides three types of evaluation: - the determination of the
relative value of a wetland indicator, assessment of the percentage change
in this base value that will occur under various conditions and determina-
tion of the relative welght or importance of each indicator belng used,

.

Basic Area Values, In the first type of evaluation, a team of local
experts, representing a cross section of the social and natural sciences,
reviews, by area, each indicator present in that area.

A value must be assigned to each indicator on a cardinal scale of one
to ten. - Ten represents the highest environmental quality or quantity of
the indicator being assessed; one the lowest quality or quantity. In the

31



_case of appearance, for example, an untouched backwood swamp with great
diversity of trees and vegetation might be rated as & ten. An area about
half as beautiful in the eyes of the evaluators might be assigned a five.
Since it is assumed that the indicators of the wetland quality selected
were selected because of the presence of these qualities, there is no zero
value on the indicator rating scale (see Figure 21).

|.0 0.0
59 l

| I
LoweSsT HIGHEST
GALITY QuauTy

Figure 21. Value Scaling - Indicators

The evaluation is a judgment call,but a call by individuals who are
familiar with the diversity and wvalue of wetland features throughout the
area and who know that some of the wetlands are of high value and others
of only marginal value,

The values assigned to a given wetland area can be based on existing
detailed studies of the area, Possibly, a detailed analysis of various
aspects of the area had been conducted by one of the agencies represented
at the evaluation session. Normally, "hard" information like this would
have a higher credibility in the determination of values than "pure"
opinion,

Decisions of the evaluation group reflect a majority vote., If felt
necessary, initial voting can be followed by discussion and another vote,
in a manner similar to the Delphi System described later in this paper.

While it would be more satisfying to be able to rate a given wetland
feature against an ideal or nation's best wetland, this concept is unwork-
able, Wetlands in California are far different than those Iin Louisiana or
North Carolina. The characteristics of a wetland even differ from north
to south Louislana with the Felsenthal bottoms having a different makeup
than lower Atchafalava bayou areas, So by comparing wetlands to other wet-
lands in the area, not only is the effort workable but it also permits the
decision maker to consider that wetlands in one area, even though not as
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valuable as wetlands in some other area of the country, being the best in
the region, are worthy of special value.

The net result of this first evaluation effort is the assignment of a
numerical base value to the six indicators in each area; i.e., in a 12-area
basin, 6 x 12 = 72 values would have been assigned.

Changes in Base Value from Project Actions., In the second phase of
the evaluation, the same team of experts assesses the damage dome by the
action under consideration, The group, based on briefings by project engi-
neers, assigns percentage changes in the base value of each indicator in
each area. These changes are attributable to the particular impact under
study. Normally, this would involve: (1) assessment of the change attribu-
table to the direct impact of the project under consideration; (2) the
determination of the incremental change attributable to secondary impacts
that would follow project completion; and (3) an assessment of the percent-
age change in base values that would occur from "other" actions in a "with-
out project" condition,

Most assessments will result in reductions In the base values as most
projects have some negative impact on the area, However, there will be
times when wetland enhancement programs that are considered under the
"other" impact category will result in an improvement in the area and a
resultant increase in the base value. Assessed changes, therefore, may vary
from zero to minus 100 percent or zero to plus whatever percent will raise
the base value to its maximum value of 10.

If time permits, visits to the project site could be made by the team,
If not, the team must again rely on the knowledge of its members to deter-
mine the impacts of the actions being considered.

Weighting., In order to determine the overall value of an area under
bage "with project" or "without project" conditions, the base or modified
values must be combined. This combining action is the weighting process of
WES.

As noted earlier, the weighting process is a most sensitive but often
disguised portion of an evaluation system. In many systems, the welghting
is done by default; that is, the area of composite value represents either
the average of the indicator values or the sum of these values. This tech-
nique would be acceptable if each indicator was equally important. Seldom,
however, is this the case. Therefore, some method must be used to assign
relative weights to each indicator.

In WES, the assignment of these weights is accomplished by the team of
local representatives described earlier, This group is briefed by repre-
gsentatives of the interdisciplinary team on the reasons why the six indi-
cators being used were selected, Following this briefing, the local repre-
sentatives assign relative weights to each indicator, Im this case, the
scale runs from zero, representing a "no importance" assessment by the rater,
to ten, representing the highest degree of importance (see Figure 22),

33



O 10
| 5 |

|
o HEST
IMPORTANCE |E;§n.ﬁuce

Figure 22. Value Scaling - Weighting

Use of a zero value permits the rater tc "eliminate” from the model
an indicator if the rater believes that the indicator is of no importance
to the people that he or she represents. It is unlikely, however, that any
indicator would receive zeros from all raters and thus be dropped from the
evaluation. Weights assigned to each indicator are assigned considering
each indicator individually in terms of its importance to the reglons adjacent
to and containing the wetland under study.

To insure that all views are heard and considered in the weighting
process, a modified Delphi technique is used in the WES.106 After the
initial briefing, the team of local representatives individually assign
weights to the various indicators. Administrative personnel then calculate
and display the average weight assigned to each indicator by the group.

Using these average weights as talking points, the group then discusses the
factors involved in the assignment of the weights. No individual member dis-
closes his "vote' from the previous tally; however, each member is able to
see and understand through the discussion why he or she is below or above or
with the group consensus,

Another vote is then taken; and if deemed appropriate by the adminis-
trative personnel, based on their analysis of the vote, another round of
discussion is held., 1If the group has arrived at a consensus or if it is
obvious that there is full understanding of the issues and that the differ-
ences in voting will not be modified further by discussion, the last vote
is taken as the fimal vote,

The result of this action is the assignment of a weight to each indi-
cator for each sub-basin, estuary, or sector.

Probability
Recognizing that not all possible events relating to wetlands have an
equal chance of occurrence, the WES provides for consideration of probability.

Probabilities are assigned to the occurrence of project impacts (direct
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impacts), secondary impacts and "other" impacts. Probabilities assignment
is accomplished by a combination of the interdisciplinary team and the
project engineers, Participation of the project engineers is important
because in many cases they are more aware of those local events and actions
that might cause "other" impacts or exacerbate secondary impacts.

Probability of occurrence scores are assigned on a sub-basin/estuary/
sector basis to each indicator being used and for each impact being con-
sidered in the evaluation., Normally, direct impacts would have a 100 per-
cent probability of occurrence and secondary and "other" 1lmpacts a somewhat
lower probabilicy.

Assignment of probability scores permits WES to bring the overall
ratings in closer touch with reality., While one can assume that certain
secondary impacts will occur as a result of the project--e,g., oil pollu-
tion of adjacent waters resulting from construction of a boat marina--it
is more realistic to indicate that based on the best judgment of the com-
bined groups, there is a 70 percent probability that such secondary impacts
will occur,

"With" and '""Without" Project Evaluations

WES provides for display of the evaluation of the value of the wet-
lands under "with project" and "without project" conditions, as well as
under base or present conditions., Often, discussions of proposed projects
are limited to consideration of "What is going to happen if we build this
project?' when in reality the discussion should involve “What is the dif-
ference between the way it will be if we build the project and the way it
will be if forecast non-project actions in the area take place?"

The difference between "with project" and "without project'" values is
a much better measure of project impact thanm the difference between "with
project" and "base" values. In addition, display of the "without project"
values/changes often serves as an alert to the true negative impact of some
proposed "other" actions.

Cumulative Impacts

The WES provides for consideration of cumulative impacts both over
time and over space.

From a spatial standpoint, the WES requires the evaluators to initially
aggess percentage changes in indicator values on an area basis, Then, after
appropriate displays have been prepared, the evaluators are required to
assess the cumulative impact of the area changes taking into account the
interdependence of adjacent or contiguous areas. As discussed earlier, the
utility of certain areas may be strongly affected by changes in the values
of these adjacent areas. This cumulative spatial analysis is accomplished
twice. The analysis is first made after assignment of value changes to the
areas. This analysis would result in further changes to sub-basin or area
values, Following this, another display is prepared, and the basin is
analyzed on a sub-basin basis, If appropriate, further changes in indicator
values are made, again based on the cumulative effect.
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The same procedure can be used to assess cumulative impacts over time.
A series of displays are prepared showing changes in indicator value that
have occurred (or are forecast to occur) since a base date.

Display

The output of WES includes both computer printouts and computer gen-

erated maps,

These documents enable those involved in the project review

process at all levels to have access to the same hard copy information as
the decision maker and, more importantly, for the decision maker to be able
to understand the general basis of the evaluation.
evaluation process, the displays provide the vehicle for the interdisciplinary
team to assess the cumulative impact of the reduction in value of key wet-

land indicators.
status,

Computer Printout

In addition, during the

A section of a typical printout is shown in Figure 23,
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Typical Computer Printout

The displays also provide a useful record of wetland
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The first two rows (A) list the title of the basin, estuary, or sector
and the name of the project being evaluated, The third and fourth rows (B)
identify the six indicators being used in the evaluation and the weights
assigned to these indicators by the local representatives, At (C) is listed
the area number and the acreage of area. The seventh and eighth rows (D)
contain a list of the values assigned to each indicator by the interdisci-
plinary team as well as a display of the base EQ (envirommental quality)
points computed for each indicator. The next four rows (E) address by indi-
cator the "without project" case, listing the assessed percentage change for
the "other" impacts, the estimated probability that the impact will occur,
the "without" project EQ points and the percentage change from base value
that has resulted from the "without" project impact.

Section (F) lists the base (present) value of the area in EQ points,
the area's "without" project value (EQ points), and the percenmtage change in
the area resulting from the "without" project actions, Sectlons (G) and (H)
parallel sections (E) and (F) except that they deal with "with" project
direct and secondary impacts,

Following a listing of all areas in the sub-basin/estuary/sector, a
listing similar to (H) is provided for the entire sub-basin/estuary/sector,
At the end of the printout, a summary for the entire basin/estuary/sector
is provided in a format similar to (H).

Computer Graphic Display

WES uses either SYMAP or CALFORM as its display technique. (Any com-
puter graphic system could be used.) Figure 24 illustrates a typical CALFORM
output, '

As indicated in the title information (A), this output reflects the
percentage change from the base (present) value under "without" project con-
ditions of the waterfowl indicator. The shaded polygons (8) indicate both
the location of the areas under evaluation and the percentage change in wet-
land value occurring in that area,

It should be emphasized that it is not the "brand" of display that is
important; rather, it is the use of display that is important, The decision
maker and the reviewers must be given the opportunity to see and understand
the spatial status of wetland values and man's impact on these values,

Assumptions

A model is a simplified portrayal of a real world situation. To be
useful, the model must not be overly complex, To prevent important results
of model operation from being lost in an excessive amount of unimportant
information, certain assumptions are made in model development, The assump-
tions related to WES, assumptions which are designed to help separate the
"wheat from the chaff,” are highlighted below.

Independence of Indicators

The nine indicators are assumed te be independent of each other, There
is no overlap between these indicators. Assignment of values to an indicator
in an area is an operation independent of the assignment of values to each

other indicator for that area. In reality, there is some interdependence;
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Figure 24. CALFORM Display

WARREN COUNTY

however, through judicious selection of indicators, most of this interde-
pendence can be reduced to a point where it is not significant in the over-
all context of the evaluation,

Human Focus

The nine indicators are assumed to represent human interest. in the wet-
land and value assignments are made based on this human focus, The indicators
represent factors which are "pleasing" to man or which he recognizes to be
needed by him for his existence in the earth ecosystem.

Independence of Values and Weigﬁts

The assignment of values to indicators and the assignment of relative
weights to the indicators are assumed to be independent operatioms. While
independence is provided for in WES through use of different groups for
assignment of values and weights, the possibility exists that under some
circumstances the two evaluation groups could mentally be picturing the same
evaluation process and some redundancy could be created, This is assumed

not to occur.
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Independence of Areas

For the initial evaluation of areas, WES assumed that the areas are
independent of each other., This assumption permits a detailed examination
of each indicator on an area basis without concern for the relationships
among areas, The assessment of the impacts of interdependence of areas is
accomplished in the sub-basin and basin level appraisals,

More is Better

The WES assumes that larger wetland areas are more valuable than
smaller ones. Since all indicators except uniqueness and historical-
cultural are basically areally related, this assumption is valid in these
cases, If aquatic ecosystems have am equally high value in two adjacent
areas, the larger of the two areas is more valuable in the aquatic eco-
system judgment, In the case of uniqueness and historical-cultural where a
single object-~e.g., a tree--may be the reason for the designation, size of
the area is not as important; however, since these two indicators represent
only two of the six indicators being used and since size of the avea is
important to these indicators, size can be assumed to be a valid overall
measure (or multiplier) of relative importance.

Operation of the WES

Figure 25 illustrates the basic Wetland Evaluation System.

The model first assigns values to each indicator of wetland quality in
each area, These indicators are weighted, and the impact of the action in
question is assessed in terms of a change in value. After summing these
impacts across the entire area, information on the base value and changed
value of each area is displayed. A separate analysis is conducted for each
impact (primary, secondary, and other) expected to occur in the area. After
initial area value changes have been calculated and summed across the sub-
basin, the analyst is given the opportunity to go back and modify the change
in value assessed in the first step to account for the impact of concurrent
occurrence of changes across the entire sub-basin. The same steps then take
place as changes are summed across the entire basin, The output is a dis-
play of the change in value of wetlands throughout the basin under present
"without project" and "with project" conditions. The display is both quan-
titative and graphic,

In the first step of the model, the interdisciplinary team divides the
basin's wetlands into areas, determining the homogeneity from a map survey,
records, prior knowledge or field surveys, depending on the time available.

In step two (Figure 26), the base value of each area is determined.
The interdisciplinary team first selects from the nine indicators the six
that are most representative of the sub-basin being evaluated. Assuming
that each area has at least six of the indicators, the team selects the six
indicators that are most important to this sub-basin., (It is assumed that
this screening would apply across a sub-basin; if it would be more appropriate
to provide a screening for each area, it could be done,)
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Once the six indicators are selected, the interdisciplinary team
assigns values to each of the indicators by area. Concurrently, another
group, representing the citizens of the local area, assigns weights to the

indicators,

All of these values are used together with the acreage of the area
to compute the base value of the area in environmental quality (EQ) points.
In the third step (Figure 27), the impacts of the various actions are

assessed.
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Figure 27, [Impact Assessment

In each case the nature of the action causing the impact being assessed
is described by someone familiar with the action; normally, the project
engineer., The interdisciplinary team and the project engineers assign a
probability of occurrence to the action in guestion., Probability values are
assigned to direct and secondary impacts and to impacts that result from
actions not connected with the basic project,

Following the probability assignment, the interdisciplinary team then
assesses the impact of the specified action on each indicator, developing a
percentage change in value for each feature. These changes are then combined
with the probabilities, base values and the previously assigned weights to
develop an expected value change,

Step three is repeated for each impact (direct, secondary, and "other")
as well as for each alternative plan being evaluated.
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In step four, a series of values are computed and displayed. The base
value for each feature is calculated and printed by the computer. Then,
the expected "without project" value is computed and printed along with the
percentage change from the base represented by this value. The "without
project” value equals the base minus or plus the changes attributed to
"other'" conditioms; that is, attributed to those impacts that will occur
whether or not the project under study is carried out. Following this, the
“with project" value is computed and printed. The "with project' value
represents the base value minus or plus the changes attributable to primary
and secondary impacts. Concurrently, graphic displays of the percentage
change in feature values attributable to each condition are produced by
either the plotter or the printer.

In step five (Figure 28) a sub-basin/estuary/sector evaluation is con-
ducted. The interdisciplinary team reviews the output of step four to
assess the cumulative spatial impact of changes across the areas of the
sub-basin/estuary/sector. If the cumulative effect is significant (e.g.,
the loss of value in certain contiguous areas isolated other areas and
thereby reduced their value), the team may assign additional reductions to
each feature. Steps three and four are then repeated and displays (graphic
and numerical) similar to step four are produced for the gub-basin/estuary/
sector level,
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.Figure 28, Sub Level Evaluation
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Step six (Figure 29) is essentially a repeat of step five with the
assessment now being conducted at the basin/estuary/sector level, The dis-
plays in this step represent the final output of the WES.

The combination of the computer printouts and graphic display should
provide ample information for the decision maker.
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Figure 29. Basin, Estuary or Coastal Evaluation
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WES IN ACTION

To provide examples of how WES might work in an actual situation,
hypothetical situations were developed for wetlands in the Yazoo Basin,
Mississippi, and the Neuse River Estuary, North Carolina, In each example
one sub-basin/estuary is treated in detall, while information on the other
sub-basins/estuaries is provided without explamation, for illustrative
purposes,

Yazoo Basin

In this example it is assumed that various types of development are
taking place in the wetlands of the basin. In the backwater sub-basin
(Figures 30 and 31), local residents are considering the installation of
a pumping station along an already existing levee, At the present time,
the waters of the Little Sunflower River empty into the Yazoo through a
small drainage structure. When the Yazoo is at high stages, the drainage
structure must be closed and the waters of the Sunflower are then trapped
causing interior (behind the levee) flooding, The pumping station would
permit these trapped waters to be evacuated from the Sunflower basin into
the Yazoo River during the high stages on the Yazoo,

An interdisciplimnary team selects the fish and aquatic ecosystems,
wildlife and terrestrial ecosystems, waterfowl, appearance, historical and
cultural, and water storage indicators to be most representative of the wet-
lands in the area and based on studies previously conducted in the area,
assigns values to each of these indicators, Since the areas closest to the
levee (4, 5, 6) are lower and are more frequently flooded, they receive gen-
erally higher values than areas 1, 2, and 3, (Specific values used in this
example are found in Appendix A and in Figure 32.)

Concurrently, members of the Board of Supervisors for Sharkey County
along with representatives of the Board of Mississippi Levee Commissioners
gather to assign relative weights to the indicators. Because of their great
interest in fish, wildlife, and waterfowl, they assign higher weights to
these features than to the other features.

Following these actions, the responsible planners and engineers brief
the interdisciplinary team on the nature of the proposed comstruction., They
also point out to the groups that land clearing is occurring at a fast pace
just above wetland areas 1, 2, and 3 and that this clearing is the forecast
principal "other" impact on the project area. They also note that the only
secondary impact that might occur from project construction would be diesel
spills connected with the operation of the pumping statiom.

The combined groups then assign probability values to the forecast
actions, The pumping station is given a 100 percent probability of occur-
rence while the secondary impact of diesel spill 1Is assigned a five percent
probability of occurrence. Because all feel quite certain that land clear-
ing will likely continue from the north, the group assigns a 70 percent
probability to the potentlal intrusion of agriculture into areas 1, 2, and 3.
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The interdisciplinary team then gathers to assess the specific impacts
of the above action on a feature-by-feature basis. In each case, they
review the indicator values by area and assess a percentage change in value
as a result of each action. All of this information is then fed to the com-
putation center personnel who produce the output found at Appendix A and in
Figures 33 through 39.

The printout indicates that at this first stage of evaluation (step four
of the process) a noticeable reduction in value of Areas 1-6 would result
from the project, The output also indicates, however, that the magnitude
of the “without project" losses (i.e., the losses that will occur whether
or not the project is constructed) are also quite high in Areas 1-3,

At this point the interdisciplinary team would regather to review the
data and the displays to determine if additional losses should be assigned
as a result of the cumulative impact factor,

Review of the spatial patterns of the wetland losses for each indicator
indicates that under "without project' conditions, Areas 1-3 will experience
heavy losses in the wildlife and waterfowl categories, The impact on wild-
life and waterfowl of these "other" actions (projected clearing for agri-
culture) will be more severe than initially evaluated at the area level
since heavy losses of forested land in three adjacent areas will severely
curtail the movements of wildlife and cover for waterfowl,

As a result of this relook, the interdisciplinary team assigns an addi-
tional fifteen percent reduction to the wildlife and waterfowl indicator
values for Areas 1-3,

The entire computation process 1is repeated and new printouts and graphic
displays prepared (Figures 40 through 42).

Review of these displays highlights the severe impact on Areas 1-3 of
the "without project" actions. Assessment of the additional negative change
in the last step also increased the "without project" conditions at the sub-
basin and basin level,

The review does not indicate that any additional cumulative impact
changes need be assessed at the basin level. Had major losses in adjacent
sub-basins been noted, additional negative changes could have been assessed
and the above process repeated to obtain the final bagin scores

In this case, since no major impacts were noted in adjacent basins,
the WES assessment is complete.

Presented with the final displays (of "with" and “"without" conditions),
the decision maker is in a position to judge the relative impact of the pro-
posed actions on the wetland resources of the area, His final decision as
to approval of the proposed actions most probably would be based on the
economic, social, and environmental costs and benefits of the actions,

While WES has not addressed the first two of these issues, it has provided
a tool for judgment in the third.
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Neuge River Estuary

This example portrays the WES as a tool for evaluating differences
among alternative plans ("with project”) and the "without project"” conditieons.

Development is taking place in several areas throughout the estuary
(Figure 43). Of prime concern 1s the proposed expansion of Marine facili-
ties at Cherry Point. Two alternatives are available for the expansion
(Figures 44 and 45) and WES is used to assist in portraying the environ-
mental differences between the impacts of the two alternatives on the

estuary as a whole.

foe ILLUSTRATIVE
Rreses ony - #ol
EeisTlts A ReAL Srrvuarron]

Figure 43. Cherry Point

As in the previous example, an interdisciplinary team representing
federal, state, and local natural resource and wildlife agencies, selects
the six indicators best representing the Cherry Point wetland area. (The
team also selects indicators representative of the other areas of the

egtuary.)

Local elected representatives (County Commissioners) are asked to
meet with representatives of the Marine Air Station to discuss the vari-
ous indicators and to assign relative weights to these indicators. After
several rounds of voting, a consensus is reached and 1s recorded.
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Figure 44. Plan A Figure 45. Plan B

Concurrently, the interdisciplinary team has been briefed by the
Station staff on the extent of the two alternative projects, Plan A
(Figure 44) involves considerably more land clearing than Flan B (Figure
45) and also involves two access roads to the shoreline, As a result, the
team generally assesses larger negative changes in indicator values to
Plan A than to Plan B. Since both Plan A and Plan B are the direct impacts
they are each assigned 100 percent probability. The secondary impacts of
both alternatives are related to pollution resulting from human habitation
of the shoreline. The group assigns equal negative changes in indicator
values to both alternatives and assesses a 30 percent probability of
occurrence to the secondary impacts.

Principal "other" impacts result from upstream discharge of pollu-
tants into the estuary, The team assigns losses in indicator values to
each area in the estuary as well as a 20 percent probability of occurrence.

All value assignments are turned over to the administrative staff for
submission to the computer. Figure 46 indicates the data used in and the
results of an evaluation of Plan A and Figure 47 indicates the evaluation of
Plan B. Figures 48 and 49 provide graphic illustration of the summary
results at the area level.

Examination of the results of this first iteration indicates that:

1. Plan A causes more impact locally and estuary-wide than
Plan B, and

2. Because of a concentration of losses in Areas 1-3, an

additional iteration involving assessment of cumulative
logses needs to be made.
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-3,20

-€£3,00
130,70
~10.0C
3c.n0
10T44,96
-67.89
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These additional runs (omitted in this example) would then be con-
ducted, and the final results presented to the decision maker to aid in
his overall decision,

The WES again has produced displays that will assist the reviewers
and anwlysts at all levels in their handling of the project. Dated infor-
mation concerning these wetland areas has been gathered and stored for
future use. The views o local citizens nave been heard and teken into
account. A decision has not been made solely on the basis of the WES
output; however, the output has significantly ailded the decision naker.

Computer Programming

The printouts used in the examples represent the output of a PL/C
program written by the author, The graphic displays are CALFORM and SYMAP
outputs based on inputs by the author. Details concerning the relative
cost of these outputs as well as the basic cartographic programs are found
at Appendix C.
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v
CONCLUSTIONS AND COMMENTS

The purpose of this paper was to propose a structure for the evalua-
tion of man's impact on wetlands. The WES is a structure. Whether or not
it is the structure remains to be seen.

The WES is not one equation or one program. It is the blending of a
number of concepts, concepts which, I believe, give it considerable strength,
While there can be considerable discussion as to the specific subsystems
used to obtain the numbers for area value, project impacts and probabilities,
there should be little disagreement that any successful system must have
the principal features that define the WES.

Realistic evaluation requires that impacts be determined and compared
for "with” and "without" project conditions. The advice of local experts
and the voice of the elected representative should be heard. For assess-
ment at the macro-level, the myriad parameters that make up the wetland
must be "factored' into only a few representative traits. Whether six,
four, eight, or twenty are enough 'factors" is irrelevant as is the makeup
of the factors. Within reason it is dealer's choice. To be understandable,
the results of any evaluation must be available for display and review.
Base line data must be recorded and maintained, While the WES addresses
the above items, there is still much room for improvement and new
initiatives.

The most dangerous aspect of the WES is its susceptibility to misuse,
The WES is designed to serve as a tool to agid the decision maker in his
judgments., It provides relative values, and these values are subject to
wide interpretation, In the hands of pure '"number crunchers," the WES
might produce results far from reality. Properly used, it can be invaluable,

The state of the macro-modeling art is far from satisfactory. Hope-

fully, the WES will provide grist for the discussion mill and a point of
departure for other efforts in the same vein.
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FOOINOTES

1See Bosselman and Callies for review of efforts to control this

development in coastal areas. Goodwin and Niering discuss critical
Tnland Areas. See also Phyllis Pyers for problems with Florida Wetlands.

2Subdividing Rural America, ASPO, provides an overview of relation
between the second home push and the impact on natural resources (see p. 45).

3Massachusetts has had a Wetland Act since 1963. Wisconsin has had
legislation regarding shorelines since 1966.

4National Environmental Policy Act, Section 101 (83 Stat. 852).
5Coastal Zone Management Act, Section 302c (86 Stat, 1280).

6Federal Water Pollution Control Act Amendments, Section 404 (86
Stat. 884).

7NRDC v, Callaway (7ERC1784),

8. S. Army, Corps of Engineers Regulation 1145-2-303 (8c).

gPresident Carter's Environmental Message to Congress, 23 May 77.

10EPA, Environmental Assessment Perspective, p. 87.

llU. S. Water Resources Council, "Water and Related Land Resources;
Establishment of Principles and Standards for Plamning," Federal Register,
Vol. 32, No. 174.

125pa, op. cit., pp. 87-88.

13See Lewls Hopkins, '"Methods for Generating Land Suitability Maps:
A Comparative Evaluation," AIP Journal, October 1977, p. 387.

14GRID has been followed by a better version, IMGRID.

15See Oconee Basin Pilot Study, Savannah District Corps of Engineers
for Test of Automap and An Example of the Use of Computer Graphics in
Regional Plan Evaluation, Los Angeles District for updated Steinitz effort,

16See Dalkey, et al., Studies on Quality of Life, Delphi and Decision
Making, pp. 13-55.
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17Weights could be assigned to each area if desired.

180n1y gselected plots are provided. A plot would normally be produced
for each indicator for "with" and "without" conditions.

66



BIBLIOGRAPHY

American College Dictionary. {(New York: Random House, 1961).

Battelle Columbus Laboratories. '"A Methodology for Assessing Environmental,
Economic and Social Impacts of Dredging and Dredged Material Disposal,"
(Draft Final Report to U,S. Army Engineer Waterways Experiment Station),
July 30, 1974,

Benson, Dirck and Robert F. Perry. "An Acre of Marsh is Worth," The Con-
servationist (New York), June-July 1965, pp. 30-33.

Black, Michael. Wetlands of North Carolina (DHUD Project CPA-1034-11;
Planning Grant, June 1974).

Bosselman, Fred and David Callies. The Quiet Revolution in Land Use Control
(Washington: USGPO 1971) (HD 205. 1972, 866).

Burke, Roy II1; James P. Heaney. Collective Decision Making in Water
Resources Planning (Lexington, Mass: D.C. Heath, 1975) (HD 1691.

B87).

Clark, John. Coastal Ecosystems (Washington: Conservation Foundation,
1974) (QH 541,5.835).

Clark, John. Coastal Ecosystem Management (New York: John Wiley & Soms,
The Conservation Foundationm, 1977) (QH 541.5.535 C54).

Clout, Hugh D. Rural Geography (New York: Pergamon Press, 1972) (HN
385.5.C58).

"GComputing the Quality of Life.' Exxon USA, Third Quarter 1977. (Houston,
Texas).

Cooper, Charles F. "Ecosystem Models in Watershed Management," in The Eco-
system Concept in Natural Resource Management, Geo. M. Van Dyne, ed.
(New York: Academic Press, 1969).

Dalkey, Norman C., Daniel L. Rourke, Ralph Lewis, David Snyder, Studies
in the Quality of Life, Delphi and Decision Making (Lexington, Mass:
D. C. Heath, 1972) (H 61.D33).

Dearn, B. V. and M. J. Nishry. 'Scoring and Profitability Models for Eval-
uating and Selecting Engineering Projects."” Journal Operations Research
Society of America, 13 (4): 550-569.

Dearinger, John A,, George M. Wollwine, Measuring the Intangible Values of
Natural Streams (Lexington, KY: Kentucky Water Resources Inst., 1971).

Dee, Norbert; Janet K, Baker; Neil L. Dorbny; Kenneth M. Duke; David C.
Fahringer. Environmental Evaluation System for Water Resources Planning
(Contract No. 14-06-D-7182, US Dept. of Interior, BuRgF) (Columbus:
Battelle Columbus Labs, 1972).

67



Detwyler, Thomas R. Man's Impact on Environment (New York: McGraw-Hill,
1971).

Ginsburg, Norton. "The Lure of Tidewater: The Problem of the Interface
Between Land and Sea," in PACEM in MARIBUS, Elissbeth Mann Borgese,
ed, (New York: Dodd, Mead & Co., 1972) (JX 4408.B66).

Goodwin, Richard H.; William A. Niering. Inland Wetlands of the United
States (Washington: USGPO, 1975) (QH 76.G66).

Gosselink, James G.; E, P. Odum; R, M. Pope. "The Value of the Tidal Marsh.™
Work Paper #3. Urban and Regional Development Center, University of
Florida, 1972,

Gupta, T. R. "Economic Criteria for Decisions on Preservation and Altera-
tion of Natural Resources with Specific Reference to Freshwater Wet-
lands in Massachusetts." PhD Dissertation, University of Massachu-
setts, August 1973,

Hawley, A. J. "Wetlands: Are they Wet Lands or Resource Areas?" TPaper
presented at the Southeastern Regional Meeting, AAG, November 1977

(UNC, Dept. of Geography).

Healy, Robert G. Land Use end the States (Baltimore: The Johns Hopkins
Press, 1976) (HD 205 1976.H4).

Hopkins, Lewis D. "Methods for Generating Land Suitability Maps: A Com-
parative Evaluation." AIP Journal, October 1977, pp. 386-400,

Isard, Walter. Ecologic-Economic Analysis for Regional Development (New
York: The Free Press, 1972).

Jaworski, Eugene; James R, McDonald; Sharen McDonald; C. Nicholas Raphael.
"General Functions and Values of Inland Wetlands in the Glacliated Mid-
west," Paper presented to Wetlands Science and Technology Workshop,
U. S. Army Corps of Engineers, Hickory Corners, Michigan, August 22,
1977.

Jones, P. M. 8. "Costs of Envirommental Quality," in Envirommental Quality,
J., T. Coppock, C. B. Wilson, eds. (New York: John Wiley & Sons, 1974)

(GF 125,E58).

Keves, Dale L, Land Development and the Natural Environment;Estimating
Impacts (Washington: The Urban Institute, 1976).

Kneese, Allen V.; Blair T. Bower, eds, Environmental Quality Analysis
{Baltimore: Johns Hopkins Press, 1972).

Kruttila, John V., ed. Natural Enviromment: Studies in Theoretical and
Applied Analysis (Baltimore: Johns Hopkins Press, 1972) (QH 76.N.28).

Larson, J. 5., Models for Evaluation of Freshwater Wetlands (Amherst: Uni-
versity of Massachusetts Water Resources Research Center, 1976).

68



Leopold, Luna B. A Procedure for Evaluating Envirommental TImpact, USGS
Circular 645, Washington 1971,

McHarg, Ian L. Design with Nature (Garden City: Doubleday, 1969).

Myers, Phyllis. Slow Progress in Paradise (Washington: The Conservation
Foundation, 1974) (KFF 458.Z9M9. 1974).

Odum, E. P, "The Emergence of Ecology as a New Integrative Discipline."
Seience, 25 March 1977, pp. 1289-1293,

Odum, E, P, Fundamentals of Ecology (Philadelphia: W. B. Saunders Co.,
1971). )

Pepper, James E, "An Approach to Envirommental Impact Evaluation of Land
Use Plans and Policies: The Tahoe Basin.”" Master's Thesis, Univer-
sity of California, Berkeley, 1972.

Plgtt, Robert B.; John F. Griffiths, Environmental Measurement and Inter-
pretation (Huntington, NY: Robert E. Krieger, 1972) (QH 543.P57).

Radford, Albert E. A Natural Area and Diversity Clagsification System. A
Standardized Scheme for Basic Inventory of Species, Community, and
Habitat Diversity (Chapel Hill: Student Stores, UNC, 1977) (H 75 R34).

Raphael, C. N.; Eugene Jaworski; J. R. McDonald, '"Assessing the Economic
Value of Fish, Wildlife and Recreation in Michigan's Coastal Wetlands."
Paper presented to annual meeting of the Association of American Geog-
raphers, New Orleans, April 1978.

Rapport, David J.; James E. Turner. "Economic Models in Ecolegy," Science,
28 January 1977, pp. 367-373.

Regional Field Service, Harvard Graduate School of Design. Problem
Recognition Study: Central New Hampshire Planning Region (Cambridge:
Harvard University, Graduate School of Design, Spring, 1972).

Russell, Clifford S., ed. Ecological Modeling (Washington: RFF, July 1975)
(QH 541,15.M3.E26).

Smardon, R. C. 'Assessing Visual Cultural Values of Inland Wetlands in
Massachusetts." Master's Thesis, University of Massachusetts, October
1972,

Solomon, R. Charles, et al. "Water Resources Assessment Methodology--
Impact Assessment and Alternative Evaluation."” Interim Report, Envir-
ommental Effects Lab., U,S, Army Waterways Experiment Station, Feb-
ruary 1977.

Steinitz, Carl; Timothy Murray; David Sinton; Douglas Way. "A Comparative
Study of Resource Analysis Methods." Harvard University, 1969 (Con-
tract DA 33-68-DC-0I-52 for U. S. Army Corps of Engineers).

69



"gubdividing Rural America." Report prepared for CEQ. American Soclety of
Planning Officials, 1976,

Tuan, Yi-Fu, "Attitudes Towards Enviromment: Themes and Approaches" In
Environmental Perception and Behavior, David Lowenthal, ed. (Chicago:
University of Chicage, 1967) (H31 .C514 no, 109).

U. S. Department of the Army. Office Chief of Engineers. Engineer Regula-
tion 1145-2-303, 3 April 1974.

., Institute for Water Resources. ''The Santa Ana River
Basin, An Example of the Use of Computer Graphics in Regional Plan
Evaluation.” IWR Contract 75-3, June 1975.

Wetland Values Interim Assessment and Evaluation
Methodology. Review Draft, July 1977,

Lower Mississippl Valley Division. "A Tentative
Habitat Evaluation System for Water Resources Planning." November 1976,

. Savannah District. "Phase I. Oconee Basin Pilot
Study." September 1975.

U. S. Department of the Interior. Bureau of Outdoor Recreation. The
Selection of a Highway Route: Choices and Values (Denver: BOR,
January, 1968).

. Fish and Wildlife Service. Habitat Evaluation Pro-
cedure (Washington: USFWS, 1 July 1976).

U. 8. Environmental Protection Agency. Envirommental Assessment Perspectives,
EPA 600/2-76-069, March 1976,

., An Assessment Methodology for the Environmental Impact
of Water Resource Projects. EPA 600/5-74-016, July 1974,

. Survey and Analysis Division. Ecogystems Analysis of
the Big Cypress Swamp and Estuaries., EPA 904/9-74-002, 1974,

U. S. Statutes at Large. The National Environmental Policy Act (83 Stat.
852) (42 USC 4321).

. The Coastal Zone Management Act of 1972 (83 Stat. 1280).

. The Federal Water Pollution Control Act Amendments of
1972 (86 Stat, B884).

U. S. Water Resources Council. '"Water and Related lLand Resources: Estab-
lishment of Principles and Standards for Planning." Federal Register,
Vol, 38, No., 174.

Waller, R. A. "The Assessment of Envirommental Standards” in Envirommental
Quality, J. T. Coppock, C. B. Wilson, eds. (New York: John Wiley &
Sons, 1974).

70



Wharton, Charles H. The Southern River Swamp (Georgia State University,
Bureau of Business and Economic Research, May 1970).

Wuenscher, James E.; J. M. Starrett., Landscape Compartmentalization: An
Ecological Approach to Land Use Planning. UNC Water Resources Research
Institute 74-87, December 1973 (HD 1694.N8.N6).

York, David W.; B. C. Dysart III; L. W. Gahan. "Modeling Multiple Use in
Natural Areas." Water Resources Bulletin, Vol. 13, pp. 13-24, 282-298.

Zuba, Erwin H., et al., eds. Landscape Assessment: Value Perceptions and
Resources (Stroudsburg, PA: Dowden Hutchinson and Ross, Inc., 1975)

(QH 76.282).

71






APPENDIX A

PRINTOUTS - YAZOO RIVER BASIN
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RETLAND EVALUATICN SYSTEM (WES)
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EVALIOATION OF YAZOO BASIN
BACKWATER SUB-BASIN
FUMF PLANT PBRQOJECT

ENVIRONMENTAL FEATORE

WEIGHT

VALUE
BASE VAL-BQ POINIS

NON¥ PEOJ IMPACT (XCHANGE)
PRCB CF QCCUHRENCE

BASE VALUF W/0 PROJ
PEFCENTAGE CHANGE

PEOJECT IMPACT {(XCHAKGE)
PROB OF OCCURRENCE
SECCND IMPACT (XCHANGE)
PRCB OF OCCURBENCE
BASE VALUE W/ PROJ
PREECENTAGE CHANGE

VALUE
BASE VAL-EQ POINTS

NOF PROJ INEACT (XCHANGE)
PROB OF OCCURRENCE

BASE VALDE W/0 PROJ
PERCENTAGE CHANGE

PRCJECT IMPACT (RCHANGE)
PROB OF OCCUERRERCE
SECOND INPACT (SCHANGE)
PROB OF OCCODERRENCE
BASE VALUE W/ PROJ
PERCENTAGE CHANGE

FISH

10.00

2.00
TCC. 00

=£5,00

75. 00
358,75
-48.75

"65.00
10€.00
=1,.00
25.¢C6
244,39
-€5.C9

2.00
600.C0

-65000

75.00
307.50
-u8.75

-€%.00
166.c0
-1a0°
25,00
209,48
-65,09

RLUIF FOWL APPEAB STORE
10.00 2.00 2,00 4,00
AREA 1
ACREAGE 35¢C
7.00 6.0¢ 7.00 5.60

2450,.C0 2100,

=70.00 =75,

00 2u450.00 175¢,00

04 -70.00 =72,00

75.C0 75.0C 75.00 75,00
1163.75 918.7¢ 1163.75 805.00
-52.%0 -56,25 -52.50 -54.00
AREA BASE VALUE 1€%6.67
%0 PROJ VALUE 783.77
FERCERT CHANGE =52.69
=65, 00 -65.00 =-35.00 -1.00
160.00 100.0¢ 100.00 100.00
=1.00 -1,0¢0 -1,00 ~1.00
25.00 25.0¢ 25.00 25.00
855, 36 733.16 1588.52 17208.17
-55-09 -65.09 -35.16 =-1.25
AREM BASE VA1OE 16%6.67

W/ PROJEBCT VALUE EQT .60
FERCENT CHANGE =51, 25
AREA 2
ACREAGE 3Q¢C
7.00 6.00 7.00 5.00
2100,00 1800.00 2100.00 1580.¢80
~70.00 -75.00 ~70.00 -75.00
75.00 75.0¢C 75.00 75.00
997.50 787.50 997.50 656,25
=-52.50 -56.,25 =-52.50 ~56.25
AREA BASE VALUE 1420.00
W/0 PRCJ VALOE 67C.00
PERCENT CHANGE ~52.82
=65, 00 -65.00 «35.00 =-1.00
1€0, 00 100.0¢ 100.00 100.00
'1.00 '1.00 -1.,00 -1.00
25.00 25.040 25.00 25,00
733. 16 628,43 1361, 59 1861.29
-65009 -65005 "35.16 "1025
AREA BASE VALUE 1420,.00
8/ PROJECT VALUE 692.27
PERCERT CHABRGE -51.25
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CULTORE

2,00

3.00
1050, 00

- 76. 00

75,00
451,50
-57.00

-20.00
100.00
-1000
25.00
837,90
=-20.20

3.00
900.00

-?0.{}0

75,00
427.50
=-52.50

=20.00
100.00
-1.00
25.00
118,20
~20.20



VALUE
BASE VAL-EQ POINTS

NON PROJ IMEPACT ({%CHANGE)
FROB OF OCCURRENCE

BASE VALUE W/0 PROJ
PEFCENTAGE CHANGE

PEOJECT IMPACT {XCHANGER}
PRDE OF OCCURRENCE
SECOND IMPACT (SCHANGE)
PROB OF OCCUBRENCE
BASE VALGE W/ PROJ
PERCENTAGE CHARNGE

VALUE
BASE VAL-EQ POINTS

NOE PROJ IMEACT {XCHANGE)
PROB OF OCCURRENCE

BASE VALUE W,/0 PROJ
PEPCENTAGE CHANGE

FPROJECT IMPACT (RCHANGE)
PRCB OF OCCURRENCE
SECOND IMPACT (RCHANGE)
PROB OF OCCURRENCE
BASE VALOGE ¥/ PROJ
PERCENTAGE CHANGE

VALUE
BASE VAL=EQ POINTS

NOM PROJ IMEACT (XCHANGE)

2.C0
600.C0

-€5.00C

7. 00
3g7.50
-48.75

=€£5.00
1CG. 00
-1.00
ZE.00
209.48
-€5.09

3.00
1356.0C

=£.00
7Z.00
1299, 38
=3.75

=1C. 00
10C.00
=5.00
2. 00
1199,.81
-11.13

5.00
250C.00

-£.0C

1.C0
2100. 00

-70.00

75.00
997. 50
=-52.50

AREA

3
ACREAGE :0¢C

6.00 3.00
1800.0¢C 900.00

-75.0C =70.00

15,04 75.00
187.5¢C 427,50
-56.25 -52.50

AREA BASE YALUE 1300.00
¥/0 PRECJ VALUE E14.5¢

PERCENT CHANGE -£2.73
—-65.00 -65.00 -1315.00
1H{0.C6 100,0C 100,00

=1.60 =%1.00 ~-1.00
25.00 25.0¢ 25.900
733,16 628,43 583.54
-€5,C9 -65.0¢ =35.16

AREA BASE VAIUE 13CC.00
W/ FROJECT VALUE 600,89
FERCENT CHANGE -53.78

9.00
4050.00

_6000
75.CC
867,75
-4.50

AREA &

ACREAGE 4Etg
9.0¢ 7.00
4050.0¢ 3150. 00
«10.00 -5.00
75.0¢ 75.00
3146,2° 3031.88
-7.50 -3.75

ARER BASE VALUE 2820.00
®/0 PRCJ VALUE 2€%4.00

PERCENT

'20000
1€0.00
‘5-00
25.00
3199.50
=21.00

CHANGE -4,47

-20.00 =20.00
100.0¢ 100.00

=5.0C ~5,00
25,0¢C 25,00
3199.5¢ 2488.5¢C
-21.0¢C =21.00

AREL BASE VALUE 2820,00
Wy PROJECT VALDE 21322.60
FERCENT CHANGE -17. 64

9.00
4500.00

=7.¢0

AREA §

ACREAGE =00

9.0C 7.00
4500, 0C 3500.00

-6.00 -8.00
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4.00
12C0.00

‘75.00

75.00
525.00
=56.25

-1.0¢
100.00
-1.00
25,00
11£5,03
-1.25

7.00
3150,00

~5.00
75.00
3031.88
=3,75

—5000
100.00
=5.00
25.00
29355.409
-6.1%

6,00
30Qt.00

-8.00

3.00
900.00

=-70.00

75.00
427.50
=52.5%0

10¢.00C
-1.00
25,00
718,20
-20. 20

4.00
18¢0.00

-£.00
75.00
1722.5¢
-3.75

=-230,.70
10C. 00
=5.00
25.00
1244, 25
-30.87

5.00
2500.G0

-9.00



PROB CF OCCURRENCE
BASE VALOER W/0 PROJ
PEFCENTAGE CHANGE

PROJECT INPACT (RCHANGE)
PROB CF OCCURRERCE
SECOND INPACT (SCHANGE)
PROB OF OCCUBRENCE

PASE VALUE W/ PROJ
PERCENTAGE CHANGE

VALUE
BASE VAL-EQ POIRTIS

NON PROJ IMPACT (RCHANGE)
PROB OF OCCURRENCE

BASE YALUE W/0 PROJ
FERCENTAGE CHANKGE

PROJECT INPACT (RCHANGE)
FPROB OF OCCURRENCE
SECOND IMPACT {XCHANGE)
PROB {F OCCURRENCE
BASE VALGE W/ PROJ
PERCENTAGE CHANGE

75.00
2u496.25
=3.75

=-10.00
1G6C. 00
"5.00
25.00
2221.88
-11.12

5.00
4500.00

=-9.00
75.00
4196.25
-6.75

-10000
10¢C. 00
~5.00
25.00
3999, 34
=-11.12

75.00 75.00 75.00 75.00
4263.75 4297.50 3290,00 2820.00
-5.,25 -4,50 -6,00 =-6.00

AREA BASE VALUE 3433.33
R/0 PROJ VALUE 3260, %58

FEECENT CHANGE -5,03
-40,00 -40,0¢C -40.00 -5.00
1€0.00 100.00 100.00 100,00
-5.00 -5.00 -5.00 . =5,00
25,00 25.00 25.00 25,00
2666, 25 2666425 2073.75 28148.38
-“0015 -40075 '“0.75 -6.19

AREA BASE VALUE 3433,33
W/ PEOJECT VALUE 2419,.38
ERRCENT CHABGE =-29.53

ARFA €

ACREAGE SC¢
9,00 8.00 9.00 7.00
4509,00 4900,0C 4500.00 3500.00
-5000 -5.00 -5.00 -5000
715.00 75.0( 75.00 15.00
4331.25 3850.00 331,25 3368.75
-3.75 -3.7% =-3.75 -3,75

ARER BASE VALUE 4Z€6,67
W/0 PROJ VALUE 4€61.67
PEECENT CHANGE -4,80

=-20.00 -70.00 -80.00 -20.00
1€0.00 100.0C 100.00 100.00
=5,00 =5.0¢ ~5.00 -5.0C
25,00 25.00 25.00 #5.00
3555,00 1185,00 8ag, 75 27€5,00
~21,00 -70.37 ~80.25 =21.00

AREN BASE VALDE 4266,67
%/ EROJECT VALUE 3163.29
PEECENT CHANGE -2%.96

BACKNATER SUE-EASIN
BASE VALUE (ACRE PCIWNIS) 14897
§/C PROJECT VALUE 12085
PERCENT CHANGE -18.88
§/ EROJECT VALUE 10006
PERCENT CHANGE  -32,83

78

75.00
2331.,25

-6.75

=40.00
106.00
=5, (1]t
25,00
1481. 25
~40,75

7.00
3500,00

=5.90
7%.00
3368.75
-3.75

=-40.00
100.00
-5,C0
Z2€.00
2073.75
-40,75



EVALUATION OF YAZOO BASIN
CARTER AREX SUB~BASIN
LEVEE PROJECT

ENVIRONMENTAL FEATURE

WEIGHT

VALUE
BASE VAL~-EQ FOINTS

NON PRCJ IMPACT (RCHANGE)
PRCB OF OCCURRENCE

BASE VALUE W/0 PRCJ
PERCENTAGE CHANGE

PRCJECT IMPACT (SCHANGE)
PRCB OF OCCUBRERCE
SECOND IMPACT (XCHANGE)
PRCB OF OCCURRENCE

PASE VALUE W/ PROJ
PEECENTAGE CHANGE

YALUE
BASE VAL-EQ PCINTS

NON PROJ IMPACT (XCHANGE)
PROB OF OCCUBRRENCE

BASE VALUE W/0 PROJ
PERCENTAGE CHANGE

PROJECT IMPACT (XCHANGE)
PROB OF OCCUBRENCE
SECOND IMPACT (SCHANGE)
PROB OF QCCUOBRRENCE
BASE VALUE W/ PROJ
PERCENTAGE CHANGE

FISH

10.00

3.00
18400.00

=5.00
75.00
1732,50
-3,75

=10,00
100.00
-5.00
25.00
1599.75
-11.13

.00
1200.00

-5.00
.00
1155.00
-3075

-10.00
100.0¢
-5,00
25.00
1066, 50
-11.13

WLDLF FOWL APPEAR
10,00 2.00 2.00
AREX 7
ACREAGE 600
10,00 3.00 T 4,00
6000.C0 1800.00 2300,00
=5.00 -5000 =-5.00
75.00 75.00 75. 00
5775.00 1732.59 2310.00
-3.75 =-3.75 -3,75
AREA BASE VALOE 3760.00
W/0 PRCJ VALUE 3€19.00
FEECENT CHANRGE -3.75
=-20.00 “70.00 -80.00
1¢0.00 100.0¢C 100.00
-5,00 -5,00 -5.00
25.00 25,00 25,00
4T40.00 533.2¢ 474,00
-21.00 -70.37 -80.25
ABREA BASE VALUE 3760.00
¥/ PROJECT VALUE 28£828.20
PERCENT CHANGE -24,78
AREA 8
ACREAGE 4O
10.C0 3,0¢ 4.00
4000.00 1200.00 1600, 00
-5.00 -5.00 =-5.00
75.€0 75.0C 75.00
3850, 00 1155, 04 1546.00
=3.75 -3,78 -3.7%
ARERM BASE VALUE 506,67
K/0 PROJ VALDE 2412.67
PERCERT CHANGE =3.75
—10.00 ‘20.00 -20-00
100.00 100.00 100.00
=5,00 =5.00 =5.00
25.00 25,0¢ 25,00
3555.00 948.00C 1264.,00
=-11.1%2 =-21.00 =-21.00
ARBA BASP VALUE 506,67
W/ PROJECT VALOUE 2230.43
-11,02

EERCENT CHANGE
79

STCRE
4.00

a.oo
4800.00

=5.00
75.00
462¢.00
=-3.75

=20.00
100.00
~5.00
25.00
37¢€2.00
=21.00

8.00
3200,00

-5.00
75.00
3080.00
-3,75

-5.00
100.00
=-5.00
5.00

3002.00

=6.19

CUOLTURE

2.00

6,00
aseo. 00

-5-00
75.00
3J4€5, 00
-3.75

~40.00
100.00
-5000
25.00
2133.008
~40,75

6,00
2400, 0C

= 5. 00
75. 00
2310.00
=3.75

-10.00
100.00
=5.00
25,00
2133.00
-11. 12



CARTER AREA SUB-BASIN
BASE VALUE (ACRE PCIRTS) 6267
W/¢ PRCIJECT VALDE 6032
PERCENT CHANGE =3.75
W/ FROJECT VALDE 5059
FEFRCENT CEANGE -19.28
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EVAIUATION CF YAZOO BASIR
WASP LAKE SUB-BASIN
LEVEE PROJECT

ENYIRONMENTAL FPEATOURE

WEIGHT

VALU®
BASE VAL-EQ POINTS

NONK PROJ IMPACT ({RCHANGE)
PeCB OF OCCUHRENCE

BASE VALUE W/0 PROJ
PERCENTAGE CHANGE

PROJECT TEPACT (XCHANGE)
PROB OF OCCURRENCE
SECOND IMPACT (SCHANGE)
PRGB CF QCCURRENCE
BASE VALUE i/ PROJ
PEFCENTAGE CHANGE

VALDE
BASE VAL-EQ POIKTS

NO¥ PROJ IMEACT (SCHANGE)
PROB OF OCCURRENCE

EASE VALUE w/0 PROJ
PEFCENTAGE CHEANGE

PROJECT INPACT (SCHAKRGE)
PROB OF OCCURRENCE
SECOND IMPACT (XCHANGE)}
FRCB QF QCCURRENCE
BASE VALUOE W/ PROJ
PEFCENTAGE CBANGE

FISH

10.C0

3.00
120C.C0

-5.00
75. 00
1155,00
-3-75

=1£.00
100.00
-5000
25.00
1066, 50
-11.13

3,00
135¢.00

-, 00
£.C0
1299.38
-3,75

~1€,00
1¢C. 00
-5,00
25.00
1199.81
-11.13

WLDLY FOWL APPEAR
10.00 2,00 2,00
AREA 9
ACREAGE 4CC

3.00 3.00 .00
12€0.CO 1200.00 1600.00C
=5.00 =-5.00 =5.00
15.G0 75.0C 75.00
1155.00 1155.00 1550.00
-3.75 ~3.7 =3.75

AREA BASE VALUE 14%93,33
¥/0 PROJ VALOE 1437.33

PERCENT CHANGE =3.7%
“10-00 =-20.00 -20000
100.¢0 100.0¢ 100.00
«5,00 =5.00 -5,00

25.00 25.00 25.00

1066, 50 948.00 1264,00
-11,13 ~21.0C =21.00
AREA BASE VALUDE 14%3.33
W/ PROJECT VALUE 1329.83
FERCENT CHARGE -10,95

ARER 10
ACREAGE 450

3.00 3.00 4.00
1350.00 1350.0¢C 1800.00C
-5.00 =5.00 =-5.00
75.¢0 75.0¢C 75.00
1299, 38 1299, 38 1732,50
-3,75 =3.75 -3.75

AREX BASE VALUR 16680.00
W/C PRCJ VALOE 1€17.00
PERCENT CHANGE -3,75

=10.00 ~20,00 =20.00
1€C.C0 100.0¢C 100.00
-SIOO -5.00 -5.00
25,00 25.0¢C 25,00
1199.81 1066, 50 1422,00
=-11,13 -2%.00 -21,00
AREA BASE VALOE 1680.00
¥/ FROJBCT VALUE 1496,.06
PERCENT CHANGE =-1€.95

81

8.00
3200.,00

-5060
75.00
3000.00
=3.75

’5.00
100.00
-5-00
25.00
3oc2.00
-6.,19

8.00
36CC.00

-5000
15.00
38€5.00
-3 -?5

CULTORE

2.60

3.00
1200.00

"5. 00
75.00
1155. 00
-3.75

=-10.80
100.00
-5l°°
25,00
1066.50
-11.13

3.60
1350,00

-5.00
75.00
1299, 38
-3.75

=-10.00
100.00
-5, 0G
25,00
1195.81
-11,13



WASP LAKE SUP-BASIN
BASE VALUEB({ACRE PCI¥TS) 3173
W/C PROGJECT VALUE 3054
PERCENT CHANGE -3.75
W/ PROJECT VALOE 2826
PERCERT CHANGE -10,95
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EVALIATION OF YAZOO BASIN
SNAKE CREEK SUB~-BASIN
LEVEE PROJECT

ENVIRONMENTAL FEATUORE

WEIGHT

YALUE
BASE VAL-EQ POINTS

NON PROJ IMFACT (RCHANGE)
PRCB OF OCCURRENCE

BASE VALUE w/0 PROJ
PERCENTAGE CHANGE

PROJECT IMPACT (SCHANGE)
PROB OF OCCUNRENCE
SECOND IMPACT {XCHANGE)
PROB OP OCCURRENCE
BASE VALUE W/ PROJ
PERCENTAGE CHANGE

FISH

10.00

.00
1500.60

-5.00
75.00
1443.75
-3.75

-10'00
16C. 00
-5,00
25.00
1333,13
-11.13

WLDI1F FORL APPEAR
10.00 2.0C 2.900
AREA 11
ACREAGE E=QC
10.00 5.00 5.00
5000, 00 2500.00¢ 2500.00
"5-00 -5.00 -5000
75.00 75,0C 75.00
4812.50 2406,2°F 2106.25
-3075 -3-75 -3.75
AREM BASE VALUE 3300.00
¥/C PROJ VALUE 3176.25
PERCERT CHANGE -3,75
=10.00 -20,00 =20.00
1€0.00 100.0C 100,00
-~5,00 =5.00 -5.00
25,00 25,00 25.00
B443.75 1975.00 1975.00
-11,13 -21.0C -21.00
AREA BASE VALDE 3300.00
¥/ PROJEBCT VALUE 2965.79

PERCENT CHAXNGE -10,13

SYAEE CREEK SUE-BASIN

STORE
4.00

8.00
4000.00

-5.00
75.00
368%0.00
=3,75

-5.00
160.00
-5-00
25.00
3752.50
-6.,19

BASE VALUE (ACRE PCINTS) 3300
W/0 PROJECT VALUE 3176
PEHCENT CHANGE -3,75
%/ FROJECT VALUE 2966
EERCENT CHANGE =10.13

YAZOO BASIN
EASE VALUE(ACRE POINTS) 27637

H/0 PRCJECT VALUE 24347
FERCENT CHANGE =11.90

¥/ PROJECT VALUE 20856
PERCERT CHANGE «24,53

83

CULTURE

2,00

8.00
4000.00

-5,00
75.00
3850.00
=3.75

5.00
160.0¢
-5.00
25.00
4147,50
3. €9



SETLAND EVALUATICH SYSTEM (WES)
TECHEICAL ANALYSTS: EXARPLE ONLY=-W ALTCN ,HOBGOOD, PLANAGAN ,PARKS ,SHITH

PUFLIC REPRESENTATIVES: EXAMPLE CNLY-SHARKEY BD OF SUEV, D OF MS LVEE COXR

SEAREEREEEEREERE R AR RURREE K E
NOTE: *
CUNULATIYE EYFECT HAS

% 5%

IN THIS RUN

-
*
BEEN TAKEN IETO ACCOUNT *
»
PP TT T TSI TIPS R E L RS ot *
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EVAIOATION CF YAZOO BASIN
BACKWATER SUB~BASIN
PUMP PLANT FROJECT

ENVIRONMENTAL FEATURE

WEIGHT

YALOE
BASE VAL-EQ POINTS

NON PROJ IMPACT (XCHANGE)
PROB CF OCCUSRENCE

BASE VALUE W/0 PROJ
PERCENTAGE CHANGE

PROJECT INPACT (RCHANGE)
PROB OF OCCUBRENCE
SECOND IMPACT {(XCHANGE}
FRCB CF OCCURRENRCE
BASE VALGE W/ PROJ
PERCENTAGE CHANGE

VALUE
BASE VAL~-EQ POINTS

NON PROJ IMFACT (RCHARGE)
PROB OF OCCURRBRENCE

BASE VALUE W/0 PROJ
PERCENTAGE CHANGE

PROJECT INMPACT (RCHANGE)
PREOB OF OCCURRENWCE
SEBCOND IMPACT {XCHANGE)}
PROB OF GCCOBRENCE
BASE VALUE W/ PROJ
PERCENTAGE CHARGE

F1SH

tC.00

2.00
700.00

7E.00
280,00
=66, 00

-85 .00
10¢.00
-1,.00
25,00
204,39
-€5,09

2.00
600.C0

-8C.00

7%.00
24¢€.00
-60.00

-65,00
1¢¢. 00
'1.00
25.00
209,48
"'65.09

WLDLF FONL APPEAR
10.00 2,00 2.00
AREA
ACREAGE 35¢C
7,00 6.00 7.00
2u50.00 2100.0¢ 2450,00
-85,00 =-90.00 =70.00
75.00 75.0C 75.00
ag8, 13 682.50 1163, 75
=-63.75 ~6T.5C -52.50
AREM DASE VALUE 16%56,67
W/0 PROQJ VALODE E45,89
PERCENT CHANGE -60.77
~-65,00 -65.00 =35.00
1€0.00 160.0¢ 100.00
-1.00 -1-00 -1000
25.00 25,00 25,00
855, 36 733.16 1588.52
-€5,09 -65.0¢ ~35.16
AREM BASE VALUE 16%56,67
%/ PROJECT VALQGE ED7 .64
FERCENT CHRANGE =-51.25
AREA 2
ACREAGE 300
7.00 6,0C 7.00
2100.00 1800,00 210,00
-85.00 -90.00 =-70.00
75,00 75.0( 75.00
761.25 585.0¢0 997.50
-63.75 =67.50 -52,50
ABER BASE VALUE 14:0.00
/0 PROJ VALCOE EE2.55
FERCENT CHANGE =61.09
=65, 00 ~65.00 =35.00
1€0.00 100.04 100.00
"1-00 -1000 "1.00
25,00 25.0C 25,00
733,16 628.43 1361, 59
ARER BASRE VALUE 1420.00
W/ PROJECT VALUE 692,27
PERCENT CHANGE -51,25

&8s

STORE
4.00

5.00
1750.00

=-72.00
75.00

805,00
_5“000

-1.00
100.00
-1,.00
25.00
1728.17
'1-25

5.00
15¢0.00

= 175.00

75.00
656.25
=56.25

‘-1000
100.00
-1.00
25.00
14€1,29
'1.25

CULTURE
2.00

3.00
1050.00

~76.00
73.00
451,50

-20.00
100.00
~1.00
25.00
837.90
=20, 20

3.00
900.00

-76.L00

75.00
387.00
~57.00

~20,00
100,00
-1.00
25.00
718.20
=-20.20



VALUE
BASE VAL-EQ POINTS

NON¥ PROJ IMEACT (XCHANGE)
PROB COF OCCURRENCE

BASE VALUE ¥/0 PROJ
PERCENTAGE CHAMNGE

PROJECT™ IKPACT (%CHANGE)
PROB OF OCCURRENCE
SECOND TIMPACT (SCHANGE)
PROS OF QOCCURRERCE
BASE VALUE W/ PROJ
PERCENTAGE CHANGE

YALOE
BASE VAL-EQ POIRTS

NO¥ PROJ IMFACT ({RCHANGE)
PROB OF OCCUBBENCE

BASE VALUE W/0 PROJ
PERCENTAGE CHANGE

PEOJECT IMPACT (XCHANGE)
PROB OF OCCUBRRENCE
SECOND IMPACT (XCHANGE)
PEQR OF OCCURRENCE
BASE YALUE N/ PROJ
PERCENTAGE CHANGE

VALUE
BASE VAL=-EQ POINTS

0N PROJ IEPACT (XCHANGE)

2.C00
600.00

-8C.C0

75.00
2u0,0¢C
-60.00

-£5,00
10¢.00
-1 .00
25,00
209.48
-€£,09

3.00
1350.00

‘5.00
7€.00
1299.38
-3075

-10o00
1€C. 00
=5.00
28,00
1199, 81
-11.13

5.00
2500.00

-E.00

AREA

ACREAGE

7.00 6.
2100.00 1800.
-85.00 -30,
75.00 15.
761, 25 585.
-63.75 -67.

AREM BASE VALUE
W/0 PROJ VALDE
PERCENT CHANGE

-65,00 -65.
1C0.C0 100.
-1.00 -1-
25.00 25,

733,156 628,

-65,08 ~65,
AREAM BASE YALUE
¥/ PROJECT VALUE
FERCENT CHANGE

AREM

ACREAGE

9.00 9.
4050, 00 4050,
-6.00 -10.
75.C0 75.
3867.75 3746,
-4 .50 -7.

AREM BASE VALUE
¥/C PROJ VAIUE
PERCENT CHANGE

-20.00 -20.
100.00 100.
"5.00 -5.
25.00 25,
3199.50 3199,
-21.00 -21.

AREA BASE VALUE
W/ PROJECT VALDE
PERCENT CHANGE

AREA

ACREAGE

9.00 9.
4500, 00 4500.

"7.00 -6,
86

3

200
co 3.00
00 900.00
6o -70.00
oc 75.00
of 427.50
5G -52,50

1300. 00

usc,75

'61-56
no =35,00
00 100.00
oc ~1.00
0c 25,00
&3 583,54
0% -35.16

1300.00

600.89

-53.78

4

4sc
0¢ 7.00
90 3150.00Q
00 -5000
HL 75.00
2t 3¢31.88
5C ~3.75

2820.00
2€94.09

-4, 47

00 -20.00

oc 100.00
] =-5.00
oc 25.00

50 2488.50

ac -21,00
Z820.00
2322.60
=17.64

5

£co
oc 7.00
00 3500.0¢

H; -B.00

4.00
1200.00

-175.00

75.00
525.00
-56025

-1.00
160.00
"1.00
25.00
1185.03
=%.25

7.00
3150.00

-5.00
75.00
3031.88
~3.,75

~5.00
100.00
=5.00
25.00
2955.09
-6.19

6.00
3oQo.00

-8'00

3.00
904,00

-101 00

75.00
427.50
-52. 50

-20.00
100.00
"'1.00
25.00
718,20
=20. 20

4,00
800,00

-5,00
75.00
1732,50
=-3.75

-30.00
100.400
'—5. 00
25.00
1244,25
-310.87

5.00
2500, CO

-9,00



PROB OF OCCUKRENCE
BASE VALUE &,/0 PROJ
PERCENTAGE CHANGE

PROJECT IMPACT {SCHARGE)
PEOB OF OCCURRENCE
SECOND IMPACT (SCHANGE)
PHCE OF QCCURBRENCE
BASE VALDE W/ PROJ
PEECENTAGE CHANGE

VALOE
BASE VAL«BRQ POINRTS

HOH PEOJ IMPACT (XCHAKGE)
FROB OF OCCUBRERCE

BASE VALDE W/0 PROJ
PERCENTAGE CHANGE

PROJECT INPACT (XCHANGE)
PROB OF OCCURRENCE
SECONLD IMPACT (SCHANGR)
PROB OF QCCUEBRENCE
BASE VALUE ¥/ PRQJ
PERCENTAGE CHANGE

75.¢00
2406.25
-3.75

=10.00
100.00
=-5.00
25.00
2221.88
=-11,12

9.00
4500, G0

-%.00
75.00
196,25
~6.75

-10.00
10C. Q0
"5000
25,00
3999, 38
-11.12

75.00 75.00 75.00 75.900
4263,75 4297.50 3290.00 2820,00
=-5.25 -4,50 -6.00 =-6.00

ARPZA BASE VALUE 3423,31
¥/C PROJ VALDE 3:60,56

BPEFCENT CHANGE -5.03
=-40.90 =40.0C =-40.00 -5,00
1€0.00 100.00 100.00 100.00
5,00 =5.00 =-5.00 =5,00
25,00 25,0¢C 25.00 25.00
2666. 25 2666425 2073.75 2814,38
-“0.75 -q'°.75 -QOO?S -6-19

ARBA BASE VALOE 3433,33
W/ PROJECT VALOE 2419.38
PERCENT CHANGE =29.53

ARER &

ACHEAGE £0¢
3.C0 8,00 9.00 7.00
4590,00 4000.0¢C 4500.00 3500.00
"5.00 -5.00 -5I0° -5100
75.00 75.0C 75.00 75.00
4331, 25 3850.0¢ 4331.25  3368.75
-3n15 -3--’5 -3'?5 . -3.15

AEEA BASE VALUE UZ266,67
/0 PROJ VALUE 4C61.67

PERCENT CHANGE -4,80
-20,00 -70,00 -80.00 =-20.00
1€0,00 100.0¢ 100.00 100.00
-5.00 -5-00 ""5.00 -5100
25,00 25,040 25,00 25,00
3555,00 1185.0¢ 848,75 27€5,4¢0
-21.€0 -70.37 -80.25 =-21,00

AREX BASE VALUE 42€6,.867
W/ PROJECT VALUE 2163.29
PERCEWT CHANGE -25,86

BACKWATER SUE=-EASIF
BASE YALUE (ACRE PCIKRTS) 14897
R/C PROJECT VALUER 11718
PERECENT CHANGE =21.34
W/ FROJECT VALUE 10006
PRRCENT CHAMNGE -32.83

8r

75.00
2331.25
=-6,75

=48.00
100.00
=5.00
25,00
1481,25
-40.75

7.00
3500.00

=5.00
75.00
3368.75
-3, 75

100.00
-5.00
25,00

2673,75

-40.75



EVALUJATION OF YRZOO BASIN
CAFTEF AREA SUB=BASIN
LEVFE PROJECT

ENVIRONMENTAL FEATORE

WEIGHT

YALUE
BASE VAL=-EQ POINTS

NON PROJ IMPACT (SCHANGE)
PROB CF OCCURRENCE

BASE VALUE W/O PROJ
PPRCENTAGE CHANGE

PPOJECT IMPACT {XCHANGE)
PROB OF OCCURRENCE
SECCND IMPACT (XCHANGE)
PFGE CF OCCURRENCE
BASE VALUE ¥/ PROJ
PEECENTAGE CHAWGE

vALUZ
BASE VAL-EQ POINTS

NON EROJ IMEAMCT (RCHANGE)
PRCE OF OCCURRENCE

BASE VYALUE Ws0 PROJ
PEFCENTAGE CHANGE

PRCJECT IMPACT (XCHANGE}
PRCB CF OCCURRENCE
SECOND INPACT {XCHANGE)
PRCB OF OCCURRENCE

BASE VALUE W/ PROJ
PERCENTAGE CHANGE

FISH

1C.Co

3.0¢
180C. 00

-Ce )
18.C0
1732.50
-3,75

-1C.0C
16¢.00
-5,00
28.00
1599.75
-11,13

.00
1200.00

-5000
7€.00
115%.0C
-2,75

-1C.00
1€C. 00
-5.00
25.C0
1066.50
=11.13

WLDIF FOM
10,00 2
ARER

ACHEAGE

10,00 3.
60C0.C0 1800,
=5, 00 =5.
75.C0 5.
57T75.00 1732,
=-3,75 -3.

AREDM BASE VALUE
¥/0 PRCJ VALUE
FEECENT CHANGE

-20.00 -70.
1(0.C0 1¢0.
~5,00 ~5.
25.t0 25.
4740,C0 533,
-21.C0 =TC.

AWEA BASE VALUE
W/ PEOJECT VALUDE
FPERCENT CHANGE

ARER

ACFEAGE

10.C90 3.
uoce. o 1200.
-SCC'O '5.
75.00 5.
3gen.Co 1155,
~3.75 =-3.

AEEA BASE VY21UE
W/0 PRCJ VALDE
PERCENT CHANGE

-10.00 '20-
170,00 100.
=5.L0 -5.
25.00 25.
31555.40 348,
-11,12 -21.

AREA BASE VALUE
¥/ PROJECT VALUE
PERCENT CHANGE

68

L APPEAR
00 2,00

7
€CC

oc 4.90
¢ 2u00,0C

006 -5.0C
0¢ 75.00
50 2310.00
= -3.75
317€0.00
3£19,00
~3,75

00 -80-00
ocC 100,00
ac =5,00
(1] 25.0¢C
25 474,00
37 -80.25
Z7€0.C0
2028,20
-24.78

8

hac
0¢ 4,00
00 1629.00

06 =-5.0C
0c 75.00
ne 1540,10
75 -3,75
2506, 67
2412.67
-3.75

el =20.00
0c 100.00
oc -5.00
oc 25.0C
0C 1264.00
OC -21-00
2806.67
2230.43
-11,02

STORE

4.00

8.00
4800.00

-5.00
15.00
4620,00
-3.75

- 20,00
100,00
-5000
25.00
3752.00
-21,00

8.00
320¢.00

-5.00
75.00
30EC.0C
~-3.75

-5,00
1€0.00
=-5.00
£5.00
3ecz2.00
-6.19

COLTURE

2,00

6. 00
3600.00

-5.00
75,00
3465.C0
-3.75

-40,00
100.00
-5.C0
25,00
2133,00
-40.75

6.00
2409, €0

-£.00
75.00
2310.0¢
-3,75

-10.00
100.00
-5000
25.00
2133.00
-11, 12



CARTER AREMA SUE=BASIN

BASE VALUE (ACRE PCINTS) 6267
W/C PROJECT VALUE 6032
PERCENT CHANGE -3.75

¥/ EROJECT VALUE 5059

PERCENT CHANGE -19.28
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EVALUATIOR CF YAZOO BASIN
WASF LAKE 3UB~BASIN
LEVEE PROJECT

ENVIRONMENTAL FEATURE

WEIGHT

VALUE
BASE VAL-EQ POINTS

NON PBOJ IMPACT (XCHANGE)
PROB CF OCCOERENCE

BASE VALUE ®#,/0 PROJ
PERCENTAGE CHANGE

PROJECT IMPACT (XCHANGE)
PROE OF OCCUBRENCE
SECCND IMPACT {XCHANGE}
PEOB OF OQCCUBRENCYE
BASE VALGE ¥/ PROJ
PERCENTAGE CHANGE

VALUE
BASE VAL=-EQ POIRTS

NON PROJ IMEACT (SCHANGE)
PROB OF OCCURREXNCE

BASE VALUE W/0 PROJ
PERCENTAGE CHANGE

PROJECT IMPACT (XCHANGE)
PREOB OF OCCUERENCE
SECOND IMPACT {XCHANGE)
PROB OF OCCURRERCE
BASE VALUE N/ PROJ
PERCENTAGE CHANGE

FISH

1C.0C

3.00
120C, 00

-5.00
75.C0
1155.00
=3.75

-10.00
100.00
=5,00
25,00
1066.50
-11.13

3.00
1350.00

-E£.C0
75.00
1299,.38
=3.75

-1C0.00
16C. 00
-5,00
.00
1199.81
-11.13

WLD1F FOWL
10.00 2.00 2,00
AREN 9
ACREAGE u4(C
3.o0 3,00 4,00
12C0. 00 1200,0¢C
=5.00 =5.00
75.00 75.0¢
1155.00 1155,00
-3-75 -3-75
AREA BASE VALUE 1493.33
H/0 PROJ YALUE 1437.32
PERCENT CHANGE =3.75
~10.C0 -20.00
1€0.C0 100.0C
=5.00 =5.00
25,00 25.00
1066, 50 948,0¢C
-11.13 =21.C<
AREX BASE VALUE 14%3.33
W/ PROJECT VALDE 1329.83
EFERCENT CHANGE =-10.95
AREA 10
ACREAGE 45°C
3,00 3.60C 4,00
1350, 00 1350.00
_5.00 -5-00
75.C40 75.0¢C
1299, 38 1299, 38
-3.75 -3,75
AREM BASE YALUE 1680.00
W/C PROJ VALDE 1€17.00
PERCENT CHANGE -3.75
=-10.00 -20.00
100.C0 100.00
=5.00 =5.00
25.¢0 25,00
1199. 81 1066.50
-11, 13 -21.90C
AREA BASE VALUE 1680.00
%/ PROJECT VALUE 1496.06
FERCENT CHANGE =10.95

20

APPEAR

1600, 00

=5,00
75.00
1540.00
-3.75%

-20 » 0'0
100.00
=5.0C
25.00
1264.00
-21.00

1800.00

=5.00
75.00
1732.50
-3.75

=-20.00
100,00
-5000
25,00
1422.00
-21.00

STORE

4.00

B.CO
3200.00

-5.00
75.00
3060.00
-3.75

-5,00
100.00
-5.00
25.00
30¢2.00
-6.19

8.00
360C.00

=-5.00
75.00
38€E5,00
=3,75

"'5-00
1€0.00
-5.00
25.00
3377.25
-6.19

CULTURE

2.00

3.C0
1200, 00

-5. 00
72.00
1155.00
-3.75

-10,00
100,00
—5100
28,00
1066.50
-11.132

.¢o0
1350,00

=£.00
75.00
1299, 38
-3.75

-10.00
100,00
-5,00
25.00
1195.81
-11.13



WASP LAKE SUE-EASIN
BASE VALUER (ACRE POINTS) 3173
W/0 PRCJECT VALUER 3054
PIRCENT CHANGE =-3.75
R/ EROJECT VALDE 2826
PEECERT CHANGE -1C.95
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EVALUATION CF YAZOO BASIN
SNAKE CREERK SUB~-BASIN
LEVEE PFOJECT

ENVIRONMENTAL FEATURE

NEIGHT

VALUE
BASE YAL-EQ POINTS

NOK PROJ IMPACT (XCHANGE)
PRCOB OF OCCURRENCE

BASE VALUE wW/0 PROJ
PERCENTAGE CHANGE

PROJECT LMPACT [RCHANGE)
PROB OF QCCUORRENCE
SBECOWD IMPACT {(X%CHANGE)
PROB OF OCCORRENCE
BASE VALUE W/ PROJ
PEPCENTAGE CHANGE

FISH

1¢. 00

3.00
1500. 00

--.00
75.00
1443.75
-3.75

=1¢.00
1€C. 00
=-5.60
28.0C
1333.13
=-11.13

WLDLF FOWL APPEAR STORE
10,00 2.00 2.00 4.00
AREM 11
ACREAGE 5(C¢
10.¢0 5.00 5.00 8.00
50€0,C0 2500.00 2500, 00 4000.00
=5.00 =5,00 =5.00C =5.00
75.00 75.0C 75.00 75.00
4812. 50 2406,2%5 2406.25 3850.00
=3.75 =-3.7% -3.75 -31.75
AREM BASE VALUE 3200.00
W/0 PRCJ VALUE 23176,25
EERCENT CHANGE “3.75
-10.00 =20.00 =20.00 =5.00
1¢0. €0 t00.0C 100.00 16¢.00
=5.C0 =-5,00 -5.00 =5.00
25.00 25.00 25.00 25,00
Lull, 75 1975.00 1975.00 3752.50
=11.13 -21.80C -21.00 -6.19
APEA BASE VALUE 2300.00
W/ PROJECT VALUE 2965.79
PERCENT CHARGE =10.13

SEAKE CREEK SUE-BASIN

BASE VALUE (ACERE PCINTS) 3300
¥/C PRCJIECT VALUE 3176
FERCENT CHANGE -3.7%
W/ ERQOJECT VALUE 2966
PERCENT CHAKGE =1C.13

YAZOO EASIN
EASE VALUE{ARCEE PCINT3) 27637

233g1
=-13.23
20856
=24.53

W/0 PROJECT VALUE
PERCENT CHANGE
¥/ PROJECT VALUE
FERCENT CHAKGE
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CULTORE

2,00

8.¢c0o
4000.00

=5,00
75.00
3850, 00
-3.7%

5.60
160.00
-~5,00
Zc.00
4147,56
3.69



APPENDIX B

PRINTOUTS - NEUSE RIVER ESTUARY
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WETLAND EVALUATICN SYSTEM (WES)
CECHNICAL AFALYSTS: EXAMPLE ONLY~ADAMS {0SMC) ,ATIKENS (USPVS) ,HAWLEY (UNC)

PUELIC REPRESENTATIVES: EXAMPLE ORLI-0SKC-MAS STAFF,CEAVEN CTY CCHMNISSIONERS

SERRREEE R RE R RO R RN
* NOTE: *
» CUMUGLATIVE EFFECT HAS *
* NO1T *
* BEEN TAKEN INTO ACCOUNT *
* »
* .

IN THI1S RON
FEERERE RN KRS R ERR R Kbk k ARk
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EVALUATION OF NEUSE RIVER ESTUARY
CHERRY POINT SUB=ESTUARY
AMAG STORAGE EXTENSION-FLAN A

ENVIRONMENTAL FEARTURE EXDANG
WEIGHT 10.00
VALUE 6.00
BASE VAL=-EQ FOINTS 3gac.ce
BON PROJ IMPACT (XCHANGE) -15,00
PFOB CF OCCUHRBRENCE 26.00
BASE VALUE W/0 PROJ 3955, 20
PERCENTAGE CHANGE -2.00

PROJECT IMPACT {XCHANGE) ~83.00
PROEB OF OCCURRENCE 10¢. 00
SECOND IMPACT (XCHANGE) «16, 00
PROB CF QCCUBRERCE 3¢.00
BASE VALUE W,/ PROJ 7238.02
PERCENTAGE CHANGE -EE,49
YALUE 7.00
BASE VAL=EQ POINTS 560(.00
NON PROJ IMPACT (XCHANGE} ~15,840
PROB OF OCCURRENCE 2¢, 00
BASE VALUE &/0 PROJ 5768.00
PERCENTAGE CHANGE =3.00
PROJECT IMPACT (RCHANGE) -89.00
PROB OF OCCURRENCE 1¢¢. 00
SECOND IMPACT (RCHANGE) =-1G.00
PRCBE OF OCCUHRRENCE 36.00
BASE VALUE W/ PROJ 10901.52
PERCENTAGE CHANGE -94.67

FISH ECHL UNIQUE
10.00 2.00 2,00
AFEA 1

ACREAGE 64¢

9.00 7.0¢ 5.00
5763. 00 4480.0C 3200.00

=15.G0 =-15,00 -15.00

20.00 20.90 20,00
5932, 80 461449 3296.00
-3.00 -3.0C -3.00

AREBR BASE VALUE 45€5, 33
W/0 PRCJ VALUE 4433.49
FERCERT CHANGE =-Z.89

~67,00 -82.00 -90.00
160. 00 10¢.00 106,00
-10.C0 -10.0C -10.00

3¢, 00 30.00 30.00
99G7.78 8398.21 6262.40
-72.01 -B7.46 -95.7¢C

AREA BASE YALUE 4%5€5.23
%/ PROJECT VALUE 820,79
PERCENT CHANGE ~82.02

ARER 2

ACREAGE EQC
8.00 7.00 5.00
6400.C0 56060.0¢C 4€00.00C
-15.00 -15.00 =15.00
20.CC 20.0¢C 20.00
6592,C0 5768,.00 4120,00
~3.60 =-3.00 =-3.00

ARER BASE VALUE £57(6.67
¥/0 PRCJ VALUE 58541.87
PERCENT CHANGE -2.89

-80.00 ~82,0C ~§2.00
1C0.00 100,8¢ 10C.00

-10.00 -10.0¢C -10.00
ag.c0 30.00 .00
11865.60 10497.7¢€ 7498, 40
-85,40 -87.46 ~87.46

AREA EASE VALUE E£7{6,€7
%/ PROJECT VALUE 827.13
PEECENT CHANGE -85.51
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APPEAR

4,00

6.00
3840.00

-10.00
20,00
3916,80
-2-00

"80-00
100.00
-10.00
.00
7119.3¢
-85.49

6.00
480,60

«10.00
20.00
4856.00
-2,00

RILBLP

2.00

6,00
5120.00

-15.00
2¢.00
52713.60
-3.00

-90,C0
100,¢€0
-1C.00
30.C0
10019, 84
-95.70

6. C0
6400.€0

-15.00
20.00
6592.C0
-3.90

=-93,00
100.00
=10.C0
30.00
12722.56
-98,79



VALOE
BASE VAL~EQ POINTS

NON PROJ INEACT (XCHANGE)
PEOB OF OCCURRENCE

BASE VALUE K/0 PROJ
PEBCEUTAGE CHANGE

PROJECT IMPACT (RCHANGE)
PROB OF OCCUBRRENCE
SECOND IMPACT (XCHANGE)
PROB OF OCCURRENCE
BASE VALGE ¥,/ PROJ
PEFCENTAGE CHANGE

YALDE
BASE VAL-EQ POINTS

NOF PROJ IMPACT (XCHANGE)
PROB OF QCCURRENCE

BASE VALUE W/0 PROJ
PEECENTAGE CHANGE

PROJECT IMPACT {XCHANGE)
PROB OF OCCORRENCE
SECOND IMPACT {RCHANGE)
PROB OF QCCURRENCE
BASE VALUE W/ PROJ
PERCENTAGE CHANGE

7.00
7000,00

-15.00
2G.00
721¢,00
-3-00

-87.00
10¢. 00
3C.00
13482.70
-92.61

7. 00
5600.00

=15.00
5768, 00
=-3.00

-‘!5. 00
100.00
30.00
8363.60
~49,35

AREM 3

ACREAGE 100C
6.00 5.00 4.00
6000.00 5000,09 4000.,00

-15.00 =15.00 ~15.00
20.00 20.0C 20.00
6180,00 5150.0¢C 4120.00
~3.00 =-3.00 =-3.00

AREA BASE VALUE 62(00.00
W/0 PROJ VALUE 602€.67
EPRRCENT CHANGE -2.89

-83,00 -81.00 -83.00
160. 00 100.0C 160.00
=10.¢0 -10.0C -10.00
30.00 30.00 30,00
11309, 40 9321.50 7539.60
~EB8.49 ~86.43 -8B.49

AREA BASE VALOE €:C0.00
W/ PROJECT VALUE 692,33
PERCENT CHANGE -88,83

AREMN U

ACREAGE E0C
8.00 7.0¢C 5.00
6400, 00 5600.00 4000, 00
=-15,00 -15.0C =-15,00
20.00 20.0¢C 20,00
6592, 00 5768.0C 4120.00
"3.00 -~3.,00 "'3.00

AREA BASE VALUE S706.67
W0 PRCJ VALUE 5541.87
PERCENT CHANGE ~2.89

=65, 00 =35.00 -47,00
100.00 100.00 100,00
-10.00 ~-10.00 =-10.00
30.00 30.00 3o.00
10876, 80 7786 ,80 6056 .40
-69,.95 ~-39.0¢ =-51,.41

ABEA BASE VALUE 5S706.67
N/ FROJECT VALUE 2%541.05
PERCENI CHANGE =55.47

CHERBY POINT SUB-ESTUARY

5.G0
5000.00

- 10,00
20.00
51€0.00
=2.00

-65000
100.00
"10-00
30,00
Bu4sS7.%0
=-69.95

6.00
4806G,00

20.00
48%56,00
-2l00

-45.00
100,00
=10.00
30.00
7168.80

BASE VALUE{ACRE PCIRTS) 22179

97

.00
9010.060

-15%.00
20.00
9270.00
~3,00

-92.00
100.00
=10.00
30.90
17798,.40
-9?. 76

6.00
6400, 00

=-15.00
20,00
6592,00
-30 00

=-32.00
100.00
-10.00
30.00
8701, 44
-35.96



W/0 PRCGJECT VALOEB 21538
PERCENT CHANGE ~2,89
W/ PROJECT YVALUE 4881
PERCENT CHANGE =-77.99
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EYALIATION OF NEUSE RIVEE ESTUOARY
CLUEPOOT AREA SUB-ESTURARY
ACCESS FOAD-PLAN A

ENVIRONMENTAL FEATURE EEDANG FISH FOWL UNIQUE APPEAE WILDLF
WEIGHT 1c. 00 10.60 2.00 2.00 4,00 2,00
AREA &
ACREAGE 95¢
YALUE 7.00 8.00 6,00 5.00 7.00 7.060
BASE VAL=-EQ POINIS 665C.00 76C0,00 5700.0C L750.00 6650,00 76G0.C9
KON PROJ IMPACT (XCHANGE) -15.00 =-15.00 -15,0¢C -15,00 -10.00 =-15,00
FROB QF QOCCUBRRENCE 2¢.C0 20.C0 20.00 20.00 20.00 20.00
BASE VALUE W/0 PROJ 6849,50 T7828,00 5871.0C 4892,50 & 7683.00 7828.00
PERCENTAGE CHANGE -3.00 -3.(0 -3,0¢C -3,00 =2.00 -3.00

AREA BASE VALDOE €Bu0.CO
W/C PRCJ VALUDE 6643.67

PERCENT CHANGE =-2.87
PECJECT IMPACT {SCHANGE) =-10.00 -40.co -40,0C -40.00 =5.00 -1G.C0
PRECE OF OCCURRENCE 1¢C.CcO 1C0.00 100.0C 100.00 100.00 100.00
SECOND IMPACT (SCHANGE) -16.00 -10.00 ~10.0¢C =10.00C =1C.00 =-1¢.00
PRCB OF OCCURRPNCE 3. 00 30.00 g, 00 30.00 3¢.06 ic.00
BASE VALUE %/ PROJ 7534,45 10959, 20 8219.40 6849, 50 7191.97 861C. 80
PERCENTAGE CHAMNGE -13.30 -44,20 -bg,2C -44,20 -8.15 -13.30

AREA BASE VALUE €840.00
W,/ PROJECT VALUE 4%77.87

PRHCENT CHANGE ~c7,22

MREA 6

ACREAGE 1100
VALUE 6.00 5.C0 5.0C 4,00 5,00 k.00
BASE VAL-EQ PCINTS £600,.00 5500.0C0 5500.0¢0 4400.00 44€0.00 8800,00
NON PROJ IMPACT (%CHANGE} -15.00 -15,€0 -15.4¢0 -15.00 -10.00 -15,00
PEOB OF OCCURRENCE 2C.00 20,60 20.¢¢ 2G.00 zt,00 20.049
BASE VALUE %/0Q PROJ 6798. 00 5665.C0 5665.00 4532.00 4468.00 3064.00
PERCENTAGE CHANGE -3.00 -3.00 ~3,0C =3.00 -2.00 -3.00

AREA BASE VALUE S5HE6,67
W/C PROJ VALUE S5€S%€.53

PERCENT CHANGE =2.90¢
PROJECT IMPACT (SCHANGE} -40.00 ~40.,00 =70.00 =80.00 -23.00 ~40,.C0
FROB OPF OCCURRENCE 10C. C0 1C0.00 100.00 100,00 1€C.00 100.00
SECOND IMPACT (XCHANGE) -10.00 =-10.60 -10.00 -10.0C -10.00 =10,00
PROB OF OCCURRENCE 3C.00 30.¢C0 3¢.0C 30.00 30.00 30.00
BASE VALUE %,/ PROJ 9517, 20 7931.00 $630,5C 8157, 60 S438,40 12689.60
PERCENTAGE CHARGE -44,20 -44.20 -75.1C -85.40 -23.60 -H4,20

AREMA BASE VALUE S86&6.,67
W/ FROJECT VALUE 3160.30
PERCENT CHANGE -46.13
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VALUE
BASE VAL=EQ POINTS

FON PROJ IMPACT (RCHANGE)
PRCB OF OCCURRENCE

BASE VALUE %/0 PROJ
PEECENTAGE CHANGE

PROJECT INFACT (SCHANGE)
PROB OF OCCURRENCE
SECCND INPACT (SCHANGE)
FBOB OF OCCORRENCE
BASE VALUE ¥/ PROJ
PERCENTAGE CHABGE

VALDE
BASE VAL=BEQ POINTS

NON PROJ IMFACT (XCHANKGE)
PROB OF OCCUBRENCE

BASE VALUE W/Q PRQJ
PEFCENTAGE CHANGE

PROJECT LMPACY (XCHANGE)
PROB OF OCCURRENCE
SECOND IMNPACT (RCHANGE)
PROB QF QCCUERRENCE
BASE VALDE §/ PROJ
PERCEHTAGE CHAKGE

3.00
1800.00

-15.00
20.00
1854, 00
-3000

-8C.00
16¢. 00
=10.00
30,00
3337.20
-85.40

3.00
1200.00

-15,.00
20.00
123€.00
=-3.00

=-30.00
1¢0.00
-10.00
30,00
1606.80
~33.90

AREA

ACREAGE

10.¢0 3.
6000.00 1800,

-15,00 -15.
20.00 20.
6180.00 1854,
~3.00 =3.
AREA BASE VAIUE
/0 PROJ VALUE
PERCENT CHANGE
-50-00 -70-
100,00 100.
10,00 =10,
30.¢€0 30.
927G.00 3151,
=-54,50 =75,

AREA BASE VALDE
§/ PROJECT VALUE
BEERCENT CHANGE

AREA

ACREAGE

10.00 3.
40060, 00 1200,

-15.00 -15.

20.C0 20.
4120.00 123s,
-3000 -3.

AREA BASE VALUE
W/C PRCJ VALUE
PERCENT CHANGE

=20,C0 -20,
100.00 100,
=-10.00 -10.
30,00 3c.
4944, C0 1483.
=23, 60 -23,
AEEA BASE VALUE
W/ BFROJECT VALUE
PERCENT CHARGE

CLUBPOCT AREM SUB-ESTUARY

BASE VALUE(ACRE
160

7
QL

0c 4.00

oc 2400,00

00 =15,00
0c 20.00
oC 2472.00
a0 -3.00
3760.00
3€53.60
-2.83
00 -80.00
oc 100,00
90 =-10.00
00 30.00
80 4449,60
10 -85.u0
37€0.00
T1€73.72
-55,49
8
40¢C
o0 4.00

¢ 1600.00

0Q -15,00
o¢ 20.00
040 1648.00
00 —3000
2506,67
2435,73
-2.83

0c =-20.00
00 100.00
0o =10.00
cd 30.00
2C 1977.60
60 =23.60
2506.67
1956.29
~21.96

8.00
4800.00

- 10.00
20.00
48¢6.00
-2-00

100.00
-10.00
20.00
5932.80
=-23,60

8.00
3200.00

-10.00
20.00
32¢€4.00
=2.00

-5,00
1C0.00
-10.00

30.00

3460.80

-8,15

ECINTS) 18973

8.00
3600.00

=15.00
20.00
37¢8,00
"'3000

-40.00
100.00
-10.00
1c.00
5191, 20
-44. 20

8.00
2400, 00

=15,C0
20,00
2472,00
-3.,00

=-10.00
100.00
-10000
30.00
2719, 20
-13.,30



W/C PRGJECT VALUE 168430
PERCENT CHANGE -2.87
#/ PROJECT VALOE 11768
PERCENT CHARNGE -37,989
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EYALUATION QF NEUSE EIVEE ESTUARY
BACK AREA SUB-ESTUARY
INCREASED FISHING ACTIVITY

ENVIRONMENTAL FEATURE ENDANG
WEIGHT 10,00
VALUE 3.66
BASF VAL=-EQ POINYS 120C. 00
NON PROJ IMPACT {XCHANGE} -15.00
PROB OF OCCURRENCE 20.00
BASE VALUE ®,sQ PROJ 1236, 00
PERCENTAGE CHANGE -3,00

PREOJECT IMPACT {XCHANGE) -10,00
PRCB OF OCCURRENCE 100,00
SECOND IMPACT (RCHANGE) -10.00
PRGB CF OCCUHRENCE 30. 00
BASE VALHE ¥/ PROJ 1359, 60
PEECENTAGE CHANGE -13.30
VALUE 3.00
BASE VAL=-EQ POINTS 1350.00
NON PROJ IMFACT (RCHANGE) -15,00
PROR OF OCCURRENCE 20.00
BASE VALUE W/0 PROJ 1390.,50
PERCENTAGE CHANGE -3, 00
PEOJECT IMPACT (RCHANGE) ~10.00
PRCB OF OCCUBRENCE 1CC. 00
SECOND IMPACT (XCHANGE) -1G, 00
PROE OF OCCURRENCE 30.00
BASE VALOE Wy PROJ 1529.55
PERCENTAGE CHANGE -13.30

FISH FOWL UNIQUE
10.00 2.00 2.00
AREA 9
ACREAGE 4¢0

3.00 3.00 4,00
12€0.00 1200.0¢ 1600.00
=-15,00 =15.00 -15.00
20,00 20.0¢C 20.00
1236, 00 1236.00 1648.00
-3.00 -3.0¢0 -3.00

AREA BASE VALUE 1493,33
W/C PROJ VALUE 1452.80

FERCRNT CHANGE -2.71
-10.00 -20.00 -20.00
100.C0 100.0¢ 160,00
-10,00 -10.0C ~10.00

39.00 30.00 39.00

1359, 60 1483,20 1977,60
=13.30 ~23.6¢ -23.60

AREA BASE VALUE 1493,33
W/ PROJECT VALUE 1297.47
EERCENT CHANGE -13,12

AREA 10
ACREAGE 4:0

3.00 3.00 4.00
1350.00 1350.00 1800.00

-15,60 -15,00 -15,00

20.C0 20.0¢C 20.00
1390, 50 13590,5C 1854, 00
-3.00 -3.00 =-3.00

ARE) BASE VALUE 1680.00
§/0 PROJ VALUE 1634.49

FERCENT CHANGE ~2,71
-10.00 -20,00 -20,00
160.00 100.0¢ 100,00
-10.040 =-10.00 =10.00

30.400 30.00 30.00
1529. 55 1668.60 2224.80
~13.30 -23.6C -23.60

AREA BASE VALUE 1680.00
¥/ PROJECT VALUE 1u59.6%5
PERCENT CHANGE =-13,12
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APPEAR

4.39

8.00
3200,00

-10.00
20,00
3264.00
-2.00

-5.00
100,00
-18.00
e, 00
3460.80
-8.15

8.00
36¢C.00

- 1,00
20.00C
3672.040
-2.00

~5.00
100,00
-10 000
30.070
3893.40
-8.15

WILDLF

2. C0

8.0C
1200.00

-15,00
20.00
1236.0¢0
-3. 00

~10.00
100.00
-10.00
30.00
1159.60
-13. 3¢

8.00
1350.00

"‘15.00
20,00
1390.,50
-3¢00

-10000
100.00
-10000
30.00
1529.55
=13, 30



VALOE
BASE VAl=EQ POINTS

NOR PROJ IMFACT (XCHANGE)
PROB OF OCCURRERCE

BASE VALUE W/C PROJ
PEECENTAGE CHARGE

PROJECT IMPACT (R3CHANGE)
PROB OF OCCUHBREKRCE
SECORD IMPACT {XCHANGE)
PRCE OF QCCUBRENCE
BASE VALOE W/ PBOJ
EERCENTAGE CHANGE

3.00
1500. 00

"'15.00
20.00
1545. 00
-3.00

=1C.0C
16C. 00
=16.00

30.00
1699.50
-13.30

AREA 11
ACREAGE 3500

10.00 5.00 5,00
5000. 00 2500.0¢ 2500.00
-15000 -15-00 -15-00
20.00 20.0C 20.00
5150.00 2575.0¢ 2575.00
-3.00 =3.00 -3.00

AREA BASE VALUE 3300.00
W/C PROJ VAIUE 320€,33
PERCENT CHANGE -2.84

=10.00 ~10,00 =20.00
160,00 100.00 100.00

“10.00 -10.00 "10.00

30,00 30.00 30.00
5665.00 2832.50 3090.00
-13I30 -13.30 -23.60

AREA BASE VALUE 3300.C0
W/ PROJECT VALUE 2885.13
PEECENT CHANGE =-12,57

BACK AREA SUE=ESTUARTY
BASE VALUE(ACRE PCINTS) 6473
i/7C PRCJIECT VALUE 6294
PERCENT CHANGE =-2.178
W/ FROJECT VALUE 5642
PEECENT CHANGE =-12.84

NEUSE BIVER PSTUARY
BASE VALUE (ACRE POINTS) 47625
¥/0 PRCJECT VALUE 46261
PEECEWT CHANGE -2.86
¥/ FROJECT VALUE 22292
PERCENT CHANGE -53.19
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40¢0.400

4GEY,00

4326.00

8.00
4000.00

=-15,00
20.00
4120.00
-3000

=-5.00
100.00
=-10.00
320.00
4326,00
-8.15



WETLAND EVALUAIICR SYSTEM (WES)
TECHNICAL ANALYSTS: EXAMPLE ONLY-ADABE (USMC) ,AIKENS (USEWS) ,HAWLEY (UHC)

PUELIC REPBRESENTATIVES: EXAMPLE ONLY~USEC-MAS STAFF,CRAVEN CTY COMMISSIOHERS

T3 2R E R A LR P LA LR R L Ly
ROTE: >
CUNDLATIVE EFPECT HAS ¥
NO1 *

BEEN TAKEN IRTC ACCOUNT =
»

-

LR I I B

IN THIS RUN
P YT L Y TR T 2
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EVALUATION OF NEOSE RIVER ESTUARY
CHERRY POINT SUB-ESTUAEY
AMMC STORAGE EXTENSION~ELAN B

ENVIRCNKENTAL FEATURE IEDANG FISAH EQONL UBIQUE APPEAR WILDLP
WEIGHT 10.00 106,00 2,00 2.00 4.00 2.00
AREN 1
ACREAGE 640
VALUE 6.00 9.00 T.00 5.00 6.00 6,00
BASE VARL-EQ POIRTS 1840,00 57€0.C0O 4480,00 3200.00 3840.00 5120.00
HON PRCJ IBPACT (%CHARGE) -15,00 -15.00 =15.0¢ =15,00 -10,00 -15.00
PROB OF OCCURRENCE 20.00 20.00 20.900 20.00 20.00 2¢.00
BASE VALUE #/0 PROJ 3955. 20 5932,80 4614,40 3296.00 3916.80 5273.60
PERCERTAGE CHANGE -3.00 -3.00 =3.0¢ =3.00 =-2.00 =-3.90

AREA BASE VALUE 435€5.33
W/0 PRCJ VALUE 4433.49
EERCENT CHANGE -2.89

PROJECT IMPACT (XCHAKGE) =-65.G0 -£5.00 -45,0C =7¢.00 - 30,00 =50.00
PROB OF OCCORBENCE 10¢. G0 1¢0, 00 100.0C 100.00 100,00 100.00
SECOND IMPACT (XCHANGE) -10.00 -10.¢0 -10.0¢ -10.00 =-10.00 ~10.00
PROB OF OCCURBENCE 30.00 30.00 30,00 30.00 30,490 30.00
BASE VALUE W/ PROJ 6526.08 9789.,12 6690, 88 5603.20 5141.,76 7910.40
PERCENTAGE CHANGE -695.95 -69.95 -49,35 -75.10 -33,90 =-54.50

AREA BASE VALUE 45€5,33
W/ EROJEBCT VALUE 1659.73

FERCENT CHAMNGE -63.64

AREA 2

ACREAGE 200
VALDE 7. 00 8.00 7.0C 5.00 6.00C &,00
BASE VAL-EQ POINTS 5600.0C 6400.00 5600.00 4000.00 4800.00 6u400.00
NON PROJ IKPACT (ACHAKGE) =-15,00 ~15.00 =15.0¢ =15,00 -10.00 -15.00
PROB OF OCCUBRRENCE 20,00 20.00 20,0¢ 20.00 20.00 20.00
BASE VALUE W/Q PROJ 5768.00 6592, C0 5768.00 4120.00 4896.00 6592.00
PERCENTAGE CHANGE -3.00 -3.00 -3.0¢ -3.90 =2.00 -3.00

AREA BASE VALDE 5706.67
H/C PRCJ VALUE SZ41.87

PERECENT CHARGE -2.89
FROJECT INPACT (XCHANGE) -65, 00 -65, 00 -45.0¢ ~-73.00 -u5.00 -63,00
PEOB OF OCCUBBRERCE 100.00 160.00 100.0C 100.00 100.00 100,00
SECORD INMPACT (SCHANGE) =-10.00 =~10,00 -10.00 =10,00 =-10.00 ~10,00
PPOB OF OCCURRENCE 3¢.00 30.00 30.0C 30.00 30,00 30.00
BASE VALUB W/ PROJ 9517.20 10876.80 8363, 6C 7127.60 T168,80 110744.96
PEFCENTAGE CHAKGE =-69.95 -69,95% -49.35 -78,.19 =49.135 -67.89

ANEL BASE VALUE 570¢6.67
W/ PROJECT VALUE 1910.42
PERCENT CEANGE ~66.52

105



¥YALUE
BASE VAL-EQ PUINTS

NON PRCJ IMEACT (%CHANGE}
PRCB OF OCCURBENCE

BASE VALUE /0 PROJ
PERCENTAGE CHANGE

PROJECT TMPACT (RCHANGE}
PACE OF OCCURRENCE
SECOND IMPACT {XCHANGE)
PROE OF QCCURRENCE

BASE VALUE W/ PROJ
PERCENTAGE CHANGE

VALUE
BASE VAL=EQ POINTS

NOR PROJ IMEACT (%XCHANGE)
PECB OF OCCURRENCE

BASE VALUE W0 PROJ
PERCENTAGE CHANGE

PROJECT IMPACT (RCHANGE)
PRCB OF OCCUBRRENCE
SECOND IMPACT (XCHANGE)
FROB OF OCCURRENCE
BASE VALUZ W/ PROQ
PEFCENTAGE CHANGE

7.00
moc.C0

-15,0C
20.0C
72iC.00
=3.00

-69.00
16C.CO
3c. 00
12184.90
-T4.07

7,00
560¢.0C

=-15.00
26,40
5768.00
=3.00

=-45,00
10€. 00
=10.00
30.G0
B363.60
-49,35

ARER 3
ACREAGE 1(G¢

6.00 5.040 4.00
6000.00 3¢00,00
=-15.00 =15,00
26.00 2¢.0¢
6183, 00 515¢. Q9
-3.€0 =-3.0¢
AREA BASE VALUE £2C€0.07
%/C PRCJ VALUE 6C2C.67
FPERCENT CHANGE -2.89
=-67.00 -52,0C
109. G2 100,0C
=10.¢C0 =10.0C
3n.co jo. 00
10320, 60 7828.00
=12.01 -56,5¢€
AREA DASE VARIUE €:00.C0
W/ PROJECT VALUE 2154.93
EEFCENT CHANGE -65. 24
AREA 4
ACREAGE EOQC
g.00 7.0C 5.00
6u4c0.C0 5600,00
=15,00 -15.00
20.00 20.CC
6592, 00 5768,0¢
-3.06C -3.0C
AREA BASE VALUE €©7C6.867
Ws0 PRCJ VALUE 5%41.487
FEFCENT CHANGE -2.89
-47.00 -65,00
1C0.C2 160.0¢C
- 10,00 -10.1¢C
30.00 30.0¢C
9690. 24 9517.20
=51. 41 -69.92%
AREA BASE VALDE Z£7C6.67
W/ BROJECT YALUE 2739.36
FERCENT CHANGE ~52,00

CHERRY POINT SUB-ESTUARY
22179

BASE YALUE{ACEE PCINTS)
106

4000,00

=15.00
20.00
4120.00
-3.00

-10.00
100.00
-’0000
30.00
7004 .00
=-75.10

4000.00

-15u00
20.00
4120,90
-3.00

~72.00
100,00
-10 .00
30.00
1486.40
=17.16

5.00
506C.00

-10.00
20.00
5100.00
-2.00

=25.00
100.0C
=-19.00
1¢.00
6u437.50
-28.75

6.00
4800.00

=-10.C0
20.00
48%6,C0
-2,00

=-135,00
100.00
‘10-00
30.00
664,40
-39005

£.00
Inea,.0c

'15-00
20.00
9270.00
~3.00

-45,C0
100.00
=10.G0
g.00
13041, 5Q
=-49,35

6,00
640€.00

=-15.00
20.00
6592.¢0
-3.00

-50- 00
180.0¢
=1iC.00
310.00
9888.00
=-54.50



W/C PROJECT VALUE 21538
PERCERT CHANGE -2.89
¥/ FROJECT VALUE 8464
PERCENT CHANGE -61.84
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EVALGATION QOF NEOSE RIVEER ESTUARY

CLUBFOOT AREA SUB-BESTUAFRY
ACCESS ROAD-PLAK B

ENVIRONMNENTAL FEATURE

WEIGHT

VALOE
BASE VAL-EQ POIRNTS

NO¥ PROJ IMPACT (RCHANGE)
PRCB OF OCCURRENCE

BASE VALUE W,/0 PROJ
FEFCENTAGE CHANGE

PROJECT IMPACT (RCHANGE)
PROB OF OCCUBRBENCE
SECOND IMPACT {XCHAKGE)
PROB CF OCCUBRENCE
BASE VALUE W/ PRQJ
PERCENTAGE CHANGE

VALUE
BASE VAL-BEQ POINTS

NOR PROJ IMEACT (XCHANGE)
PROB OF OCCURREKCE

BASE VALUE W/0 PROJ
PEFCENTAGE CHANGE

PROJECT IMPACT (RCHANGE)
PEOB OF OCCUHRENCE
SECOND INPACT (SCHANGE)
PRCE OF OCCUBRRENCE -
BASE YALUE W/ PROJ
PERCENTAGE CHANGE

ENXDARG

10.00

7.00
665C.CC

-15.00
20.00
6849,.50
=-3.00

-5000
1¢C. 6O
=1€.00

3C.¢0

7191.97
-8.15

€.00
660C.00

-15.00
2¢.090
6798,00
-3.0cC

=15.60
10C.00
=10.00
30,00
7817.70
=1E,45

FISH EQOW
10.00 2.
AREA

ACREAGE

B.G0 6.
76(0.00 5700.
-15.00 =15.
20,00 20.
7828.C0 5871,
-3.00 -3.

AEER BASE VALUE
W/0 PROJ VALUE
FERCENT CHANRGE

-5.00 -5.
100.00 1o¢,
-10.00 -10.

30.¢€0 30,

6219.40 6164,

-8.15 -8.

AREA BASE VALUE
W/ PROJECT VALUE
PERCENT CHARGE

AREA

ACREAGE

5.60 5.
5500. 00 5500.

«15.00 -15,

20.00 2¢C.
5665.00 £665,
=-3.00 -3.

AREM BASE VALUE
W/0 PRCJ VALUE
PERCENT CHANGE

-15.00 =15.
1€0.C0 1¢0.
=10.00 -10,
30.00 30.
6514,75 6514,
-18.45 =18.
AREAM BASE VALUE
W/ PROJECT VALUE
FERCENT CHANGE
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L UNIQUE
00 2.00
5
g5¢
0¢ 5. 00
oc 4750.00
00 =15.00
00 20.60
00 4892,50
ac =-3.00
€840.00
6€643,67
~2.87
00 -5.00
6o 100.00
oc -10.,00
00 30.00
5% 5137.12
15 -8.15
€840, Q0
6282.54
-8.15
6
1104
LY 4,00

co 4400.0¢

0g =-15.00
Q¢ 20,00
4] 4532,00
] -3.00
SBE6. &7
56¢6.53
-2.90

Q¢ -15.90
o¢ 100.00
Y =-10.00
a0 30.00
1% 5211.80
45 -18,45
S8E6.67

4784,27
-18. 45

AFPEAR

4,00

7.00
6650.00

-10.00
20.00
6783.00
-2.00

=5.00
1¢0.00
-10.,00
0.400
7191.97
-8.15

.00
44¢0.00

-10.00
20.00
LyYEE,COD
"'2.00

=-15.00
1€0.00
~14.00
10,00
5211.80
'18-“5

WILDLF

2.00

7.00
1600.00

«15.00
20.00
7828,00
~3.00

-5, 00
100.G0
=10.0¢C

30.00

6219, 40
=8.15

4.co
8800.00

-15.00
20.00
SCées.00
-3,00

~15,00
100,00
-10.00
30.00
10423,560
=-18.4U5



VALUE
BASE VAL-EQ POINTS

KON PROJ IMEACT (RCHANGE)
PEOB OF GCCUBRENCE

BASE VALUE W/0 PROJ
PERCENTAGE CHANWGE

PRCJECT INMPACT (XCHANGE)
PROB OF OCCURRERCE
SECOND IMPACT (XCHANGE)
PRCB OF QCCURRENCE
BASE VALUE W/ PROJ
PEFCBNRTAGE CHANGE

VALOE
BASE VAL=-EQ POINTS

NCN PROJ IMEACT (BCHANEE)
PROB OF OCCURRENCE

BASE VALUE /0 PROJ
PEFCENTAGE CHANGE

PROJECT IMPACT (XCHANGE}
PROB OF QCCURRENCE
SECOND INPACT (XCHANGE)
PRCE OF OCCURRENCE
BASE ¥ALDE ¥/ PROJ
PERECENTAGE CHAWGE

3.00
1800.00

-15.00
20.00
1854, Q0
-3.00

"80-00
1¢0. 00
=10.00
36.00
3337.20
-8L.40

3.00
1206, 00

=-15.00
20.0¢0
1236.00
-3,00

-30- 00
100.00
"10.00
30.00
1606.80
-33-90

AREA 7
ACREAGE €0C

10. 60 3,0¢ 4,00
6000. 00 1800.0¢
-15,00 -15.00
20.00 20.0C
6180,00  1854,0¢
-3.00 -3.0C
AREMD BASE VAILUER 2760.00
W/C PRCJ VALUE 3€53.6C
PERCENT CHANGE -2,83
-50.00 -70.00
100. 00 100.00
-10,00 -10,0¢
30.00 30.60
9270.00 3151.8¢0
-54,50 -75.1¢
AREA BASE VALUE 760,00
¥/ PROJECT VALUE 1673.72
PERCENT CHANGE =55,09
AREA 8
ACREAGE 400
10,00 3.0¢ 4.00
4000, 00  1200.00
-15.00 -15,00
20,60 20,0C
4120.00 1236.0{
-3.00 -3.00
AREM BASE VALUR 2506.67
W/C PRCJ VALUE 2435.73
PFRCENT CHANGE -2.83
-20.00 -20.0¢
100. 00 100,00
-10.00 -10.00
30. 00 30.0¢
4944,00  1483.2C
-23.60 -23.60
AREA BASE VALUE 2506.67
W/ BROJECT VALUE 1956.29
PERCENT CHANGE -21,96

CLUBFOCT ABER SUB~-ESTUARY
18973

EASE VALUE(ACRE PCINTS}
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2400 .00

=-15.00
2¢.00
2472.00
‘3:00

-80.00
100.00
=-10.0¢
30.00
4449,60
~-85.40

1608.00

-15,00
20.00
1648.0¢C
—3000

~20.00
100,00
10,00
30.0C
1977.60
-23.60

8.00
4800.0G0

-10.00
20,00
48%6.00
-2000

-20.00
1€0.00
=-10.00
30.00
5932.80
~23.60

8,00
3200.00

=-10.00
20.00
J2E4.00
-2.00

=5.00
100.00
=10.00
30.00
3460.80
-8.15

8.00
3600.00

-15.00
20.00
3708.00
'3.00

-40.00
100.00
~10.00
30.00
5191, 20
-84 .20

8.00
2600.00

-1£,00
20.00
2472.00
-3.00

-10. 00
100.40
-10.00
30,490
2719.20
~13.30



¥/0 PRGJECT VALUE 18430
PERCENT CHAKRGE =-2.87
Wy PROJECT VALUE 14697
PERCENT CHANGE YL
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EVAIUATION OF NEUSE RIVER ESTUARY
BACK AREA SUB-ESTUARY
INCREASED FISHING ACTIVITY

EBRVIRONMENTAL FEATURE ESDANG
WEIGHT 10.00
VALGE 3.00
BASE VAL-BEQ POINTS 120G, 00
NON PRCJ IMPACT ([XCHANGE) -15.00
PROB OF QCCUERENCE 20,00
BASE VALUE W,0 PROJ 1236, 0(
PEFECENTAGE CHANGE -3.00
PROJBCT IMPACT (XCHANGE) -10.00
PROB OF OCCURRENCE 100.00
SECOND INPACT (XCHANGE) -10.00
PROB OF QCCURRENCE 3c.o00
BASE VALUE W/ PROJ 1359, 60
PERCENTAGE CHANGE =13.30
YALVE 3.00
BASE VAL-EQ POINTS 1350.00
BON PROJ IMFACT (XCHANGE) -15,00
PROB OF OCCURREBCE 20.00
BASE VALUE %/0 PRQJ 139C, 50
PEBECERTAGE CHANGE =-3,00
PROJECT IMPACT (SCHANGE) =-1¢.0C
PEOB OF OCCURRENCE 10C.C0
SECOND IMNPACT (XCHANGE) =10.00
PROB OF OCCUBRENCE 30.00
BASE VALUE %/ PROJ 1529.55
PERCENTAGE CHANWGE -13.30

FISH FOWL UNIQUE
10,00 2.00 2.00
AREA 9
ACREAGE 4€0Q

3.00 3.00 4,00C
1200.C0 1200.00 1600.,00
-15.00 -15.00 -15,00
20.00 20,9C 20,00
1236.C0 1236.0C 1648.06
-3.00 -BQGC "'3.00

AREX BASE VALDE 1493,33
W/C PRCJ VALUE J452.80

PERCENT CHAMGE -2.71
"10-00 “20-00 "20.00
100.00 106.0C 100.00
-10. 00 -10.0C -10.00

30,00 30.0¢ 30.00
1359, 60 1483.2C 1977.60
-13.30 =23.6C -23.60

AREA BASE VALUE 14%3,33
W/ PROJECT VALUE 1297.47

FFRCENT CHANGE -13.12

ARER2 10

ACREAGE 4%5C
3.060 K 4.00
1350.00 1350.0C 1800, ¢C
=-15.00 -15.00 =-15,00
20.00 20.0C 20.00
1390, 50 130,50 1854 .00
-3,C0 -3.00 -3.0¢0

ABEM BASE VALUE 1680.00
¥/C PRCJ VALUE 1634,40
PERCENT CHANGE ~2.71

=10.00 -20.00 -20.00
1€0.C0 100.0C 106.00
=10.00 ~-10.00 =-10.00

30.00 30.00 30.00
1529, 55 1668.6C 2224.80
-13.30 -23.6¢C =-23.60

AREA BASE VALDE 1680.00
W/ PROJECT VALOE 1453,65
PERCENT CHANGE =-12.12
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APPEAR

4.00

8.00
3200.00

-10.00
20.00
32€4.00
"'2.00

=-5.00
100.00
-10.00
20,00
3460.80
-8.15

8.0¢0
368C.00

=-10,00
20.00
36%2.00
-2000

~-5.00
100.00
-1C.00
30.00
3893,40
-8.15

WILDLF

2.00

8. 00
1200.00

~15.00
20.00
1236,00
-3.00

=-10.00
160.00
"10.00
30.00
1359.60
-13.30

8.00
138,00

=-15.C0
20.00
1390, 50
-3,00

-10.0C
100.00
=10.00
30,00
1529,55
-13,30



BASE VAL-EQ POINTS

¥ON PROJ IMPACT (XCHANGE)
PROB OF OCCURBRERCE

BASE VALUE WwW/0 PROJ
PERCENTAGE CHANGE

PROJECT INMPACT (%CHANGE)
PRCB OF OCCORRENCE
SECORD IMPACT (SCHANGE)
FRCB OP OCCURRENCE
BASE VALUE W/ PROJ
PERCENTAGE CHAMGE

ABBA 11
ACREAGE 5{C
10.00 5.00 5.00
5000, 00 2500,0¢ 2500.00

=-15.00 -15.00 -15.00
20.00 20,00 20,00
5150. 00 2575.08¢0 2575.00
-3.00 -3‘00 -3900

AREM BASE VALUE 3300.00
¥/0 PROJ VALIOE 320€.33
PERCENT CHANGE -2,84

~10.00 -10.00 =20.00
100,00 100.0¢C 100.00
=-10.00 -10.00 =10.00

30,00 30.00 30.00
5665,00 2832.50 3090.00
=-13.30 -13.3¢ =23.60

ABREA BASE YALUE 3200.00
¥/ PROJECT VALUE 2885,13
PRRCENT CHAKGE «12.57

BACK ABEL SUB=-ESTUARY

BASE YALUE (ACEE PCINTS)
N/0 PROJECT VALUE 6294
FEECENT CHANGE ~2.78

Wy PROJECT VALUE 5642

PEECENT CHARGE -12, 848

WEUSE RIVER ESTUARY

8.00
4000.00

-10.00
20.00
WQEeD, 00
-2,00

-5.00
180,00
-10.00

30.00

4326,00

‘8015

6471

BASE VALUE{ACEE PCINTS) 47625

B/0 PROJECT VALUE 46261
FERCENT CHANGZ -2.86
®/ PROJECT VALUE 28804
PERCENT CHANGE  =39.52

112

6.00
4000.00

20.400
4120.00
~3.00

-5100
100.00
=-10.00

30,00

4326,00

-8.15



APPENDIX C

COMPUTER TECHNIQUES

113






APPERDIX G
COMPUTER TECHNIQUES

The computer is a most effective assistant in the processing and dis-
play of masses of information. Computer support for this project came from
the UNC Computation Center and the University's Department of Geography
Computer Graphics Laboratory.

The data processing and computation for the WES were sccomplished using
a PL/C program written by the author, One run of the WES requires .03
seconds of Central Processing Unit (CPU) time at an estimated cost of §0.98.
Data for revisions are inputted interactively through remote terminals.

The map displays used in the example were prepared using CALFORM. The
Yazoo Basin map required .05 seconds of CPU time and 2296 plots on a Calcomp
plotter. The estimated cost of one map is $5,00. The Neuse River map
required .06 CPU seconds, 1950 plots and cost approximately $2,50.

The maps were essentially prepared from data digitized by the author,
although the inset map of the Yazoo was developed from the output of the
U, S. Census Bureau county DIME files.

Information on CALFORM, SYMAP and SYMU can be obtained from Harvard
University, Laboratory for Computer Graphics and Spatial Analysis, Cambridge,
Massachusetts 02138. Programs and manuals are available to educational
institutions and govermment agencies at a nominal cost.

Assistance within North Carolina is available from the Computer Graphics

Laboratory, Department of Geography, University of North Carolina, Chapel
Hill, North Carolina 27514,
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