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PREFACE

In February, shortly after he became President of the United States,
JisIny 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 unsound. A key feature for the Carter
team in the assessment of environmental impact was the impact of any con-
struction on the dwindling wetland assets of the Nation.

At that time I was serving as head of a U. S. Army Corps of Engineers
field unit and several of the unit's projects were subject to the Carter
review. Considerable disagreement among experts wss 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 if we were attempting to
rope a puffy cloud--we couldn't tie anything down.

Thi.s 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 a 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 evaluation 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 strawmsn. 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

' ' ~ '� "' ' "" ' '
tion, It is usable today.

This paper wss 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 Chspin 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.



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, Nr. 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.



WETLANDS

Wetland is a collective term encam assin ... areas such as
swam s marshes and bo s. It shares their h drolo ic ve e-
tative and soil characteristics . . . .  Hawley, 1977!

Until very recently, to most people in this country, a wetland was a
"swamp" 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 fox 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. If one were ta 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 ar
moving to the sunbelt or coast for retixement.2 Few people saw any real
need to protect these areas--those that did wex'e labeled "bird watchers"
or "conservation freaks."

In the background, however, voices could be heard. Professar 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
was 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 ~S ~rin . There was a new
focus on nature. People began to listen to conservation and wildlife groups
as they spake of guarding the environment. Wetlands became xecognized as
useful parts of some coastal areas, needed for "flood and water storage,
wildlife habitat and fish spawning grounds"  McHax'g, 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 ecology 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 Environmental Policy Act  NEPA!. The Congress recognized

the profound impact of man's activity on the interrelations of all
components of the natural environment . . ." and declared it to be the
policy of the Federal Government to ". . . use all practicable means and
measures . . . ta create and maintain conditions under which man and nature
can exist in productive harmony . . . ." In addition to simply requix'ing
government 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 environment 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."5 The
Act put into motion planning and control efforts by state and federal gov-
exnments 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 fill 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."7
This action placed the responsibility for controlling development in most
wetland areas of the United States in the hands of the Army Corps of Engi-
neers. As eax'ly as 1973, these Army Engineers had indicated that:

Unless the public interest requires otherwise, no permit
shall be granted for work in wetlands iaentified 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 environmental 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 agencies to insure, in all actions under their jurisdiction, the proper
protection of wetlands.

Given a real or even a begrudging acceptance by the nation of the value
of wetlands and recognizing that some development will occux' in or 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 wetlands
as a negative factor.

Man's Im act 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. Tt 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 wells But how far should one go to probe the impact of these wet-
land activities? There must be some limit. This papex will work in terms
of the river basin, the river estuary, or a sector of coastline.

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

Figure 1 illustrates a typical rivex basin.

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 a few squaxe 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 dix'ect impact on the wetlands



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 praject itself as opposed to those impacts resulting
from the presence of the project and which follow the project construction.
These follow-on impacts are ~seconder . The road project ia land fill�
direct impact! will probably result in numerous secondary impacts at
location "A." Matorists 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 second~re itspacts 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 l.and 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 consequences However, considered
with similar losses in many other areas, the loss effect would be syner-
gistic with the total loss ta the basin being considerably greater now than
si~ply the sum of the individual losses. Far example, certain endangered
species, like the Florida panther, require considerable "raaming 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 af
large wooded areas, could be disastrous' The overall impact af the loss
of "linking" woodlands cannot be measured in terms of the loss of the link-
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 construction impacts are normally temparary and will be dis-
regarded in this paper.

The same types af impacts would occur in an estuary  Figure 2! or
wlang a coastline  Figure 3!.

Estuaries are defined by Thomas Detwyler �971, 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 "other" 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 inta 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., "D]," "D2," etc.!.
This spatial distribution equates to the broader types of pollution impacts
 e.g., oil spills! which affect large sections of coastline.



Figure 2. Aa Z8tuary



Features of a Wetland

As mentioned earlier, there are myriad elements that make up the
wetland, from the invisible phytoplankton 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: ecologic, 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 their environment," Odum, 1971, p. 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 hardwoods, or subtle, as in
slow changes in water quality.

In the human category, man derives pleasure from being able to walk or
boat in a wetland. He is enthralled by the beauty of a knobby kneed cypress
or the solitude of an isolated bayou. He can appreciate the sights and
sounds of a relatively unspoiled area. But man can also 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 af
wetlands relate to changes in the physical structure of the wetlands, use
of wetlands for recreational purposes can also generate economic benefits.
The local economy 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.



ASSESSING THE IMPACTS

Evaluation Techni ues

As indicated in the preface ,there is no ~a roved solution for evalua-
tion of wetlands. EPA nates that:

There is no universal methodology for evaluating environ-
mental impacts. In all cases, one must ultimately rely on
value judgments, which are difficult to quantify and can
vax'y on a case-to-case basis.

From a review of the variety of techniques that have been tried, it is
lso apparent that there is no consensus as to which approach is the best.

This section will discuss the characteristics of a ~pod assessment system
g and will highlight several approaches that have been used. in the assessment

of man's impact on the environment 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 ta
assign economic costs and benefits to all aspects af the pxoject. In the
past those items deemed non-quantifiable were simply omitted from the
economic analysis. The recent wave of interest in the environment 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 often
rages over the specific figures used. Also, there has been little progress
in gaining acceptance for systems which place dollar values on the various
features of wetlands.

In an early attempt ta price the value of wetlands, Benson and Perry
�965! pxovided 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 af 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 af its annual return,
was close ta $4,150 per acre, with an acre having an income capitalized
value of $85,000. These figures were based on assigning values ta the
fisheries, storm buffer, aquaculture and waste treatment characteristics
of the marsh  see also Wharton, 1970!. Regional scientist Walter Isard
�972! in a study suppoxted by the U. S. Department of Commerce applied
comparative costs and input-output techniques to evaluation of a marina
project in Massachusetts. Isard assigned dollar costs  e.gaa annual value
of an acre of spartina grass--$25! to damages ta ecologic systems, and he



considered these costs in his final appraisal. T. R. Gupta �973! 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 pex acre, depend-
ing on the quality of the wildlife, aesthetic, water supply and flood con-
trol characteristics of the wetland  see also Larson, 1976!. York, Dysart
and Gahan �977! 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 projects

Jaworski, McDonald, McDonald and Raphael �977! and Raphael, Jawoxski
and McDonald �978! 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 corning from sport fishing. Non-
consumptive recreation, waterfowl hunting, trapping and commercial fishing
accounted for the remaining amounts.

While economics-oriented systems simile~ 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 undexstanding of the relative values of
the non-quantifiable environmental factors. Federal cour'ts make award.s,
in cases involving land values, using the ~corn arable 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.

It is doubtful that the Congress is ready to accept benefit/cost ratios
based on the assignment of dollar values to environmental 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.

Since, for the pxesent, 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 S stem

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

Accux'acy--Ability to portray comprehensively and fairly all
impacts.

I - Replicability--Ability to be used by different investigations
of the same subject with equivalent results.



Economy--Reasonableness of demands upon the analyzer for time
and sophisticated computational techniques.

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

The above criteria are important and serve to generally outline the
I requisites of a good evaluation system. Accuracy must include validity and
~appropriateness as sub-features. The concepts used in the methodology
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 analyst  although that
is certainly important!. It must also include economies of computation,
data collection and display. Dale Keyes �976, xiv! points out, for example,
that "Estimates  of environmental 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 cast over $100,000. These kinds of
costs must be taken inta account in methodology 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 af

'same overall system, and should take advantage of the advice of experts and
She public.

Recognizing the needs of the planning process, a goad 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. To 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

. should be able to provide results based on the best information available.

System considerations are also important. K. P. Odum notes in Science
that there is a need to move to "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 wha 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 environmental
features. A farmer who has hunted all his life in a wetland is in a position



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 Techni ues

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

Nicro 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 quality assessment models, various fish and
other aquatic life evaluation tools. By dealing with a few very select
elements of the environment, to the exclusion oi' the rerrrainder, 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 typic~i  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 �974! ~gens stem
Anal sis of the Bi G ress Swam and Estuaries provided a similar heavy
focus on the sub-systems of the area.

Macro models, on the other hand, focus on the complete picture, the
"big 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. Pe Odum �977! agrees that,

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 �975, p. 354!9 speaking at the conclusion of a
Resources for the Future Symposium on ecological modeling, indicated;

I 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 I
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 graphic,
quantitative and matrix. Each type, irr 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 scblective

10



assessment of the whole without attempting to sum its parts. Other models
will be based on painstakingly procured counts of specific ecosystem com-
ponents, which are added to ot'her similar date to derive various indices.
Most will fell in between these extremes.

Graphic Models

Perhaps the grandfather of all graphic modeling is Ian McHarg. His
' models stand as the best examples of this class. In ~Desi n With Nature

 pp. 36-41!, he described the assessment of a variety of environmental
impacts with e series of overlays, which taken together portrayed areas
where e given project would encounter the least and highest social costs.
As illustrated in Figure 4, degrees of shading depict the differential
impacts. In this case, the darker the shading, the greater the impact of
man's intrusion.

RECREATION VALUES R E SI DE NT I A L VALUES

Figure 4. Typical Visual-Macro Display
 from ~Desi n With Nature!

By combining these overlays, each of which might be prepared by en
expert in the feature described, an assessment of the total impact of a
project cen be made  Figure 5!.

The McHerg system, in its basic form, provides equal weighting  or
value! to each overlay. By varying the shading intensity among the over-
lays, e limited weighting system can be used. In either case, the product
is in e display form that is understandable to the decision maker, He, as
well as the public, can eee t' he impacts that are being modeled.

11
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Figure 5. Combination of Overlays
 from ~Desi u With Nature!

Computer Assisted Graphics

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 cell for each feature being considered. A
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,
in a manner similar to McHarg's, the areas of most and least environmental,
social, and/or even economic cost.  See also Clout, 1972, Chapter 9.!

l2
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Figure 6. The GRID System

Harvard's Steinitz, in a 1969 study for the Arm Cor s f
applied the GRID techni ue to

u y or e rmy Corps of Engineers,

found that the ut
ec n que to 16 different non-display methodologies des an

display.
ility of each was generally enhanced b th hiy e grap c

GRID has been
Since 1969 numerous improvements have be d i hen ma e n t e state of the art.

contour- roximal
as een supplemented by systems such as SYMAP  Fi 7! higure ! w ich permi.t

-proximal as well as choropleth mapping and CALFORN
gram  Fi.gure 8! .

g an , a plotter pro-

Steinitz and thhe Corps of Engineers worked together in the Santa A
basin in California o

e ants na

GRID effort. The
n a to add more sophisticated input systems t b i
e Santa Ana and a similar study in the Oconee Basin in

soaasc

Georgia have shown the versatility of thi,s t e ofo s type o program. Systems
suc as Harvard s SYÃlU 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 a 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 s 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 evaluation techniques.
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Typical of early attempts to quantify the relative value of a variety
of parameters was an effort by the Bureau of Outdoor Recreation  BOR! �968,
p. 15! to rate two alternative routes for interstate 70 in Co1orado  Figure 10!.
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Figure 10. BOR Systeln

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 fox determining t' he best
route.

An attempt to develop a more comprehensive 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 environmental quality points were distributed among ecology,
environmental pollution, aesthetic and human interest parameters  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 paxameter was to be made by field person-
IIel of BIIRec based primarily on a series of charts  Figure 12! depicting

16



EINIISMMKMTAL IMPACTS

StIts Iwrl Iel
Ils Male wl

I I It
I IS Ec«OMN
I I I Ill 'll IIIOrffWal

Mws
ITS sorasww rl ww
IMI Lrff «e «el ~
IS Dre ral llreae

eer«O
I IS «aar waar«
Ils M«M«s eo Ma«or

Aac OMteiaa
st Les«at carr«Mr
Sl SO&92a«acw
I IS
liatI ~ I ~ Oaea
IIOI sat«e Me
St Irar

Sl *a«aw � «al
Ml D~ff d «lrl ~ e Ww
Mt V~ et« «rcacaw

ffle 1

Lr«O POE«OO«
I sat
Ital I«l ««e

I t I«New erwww wW
j7

Figure 11. The Battelle System

I.O

o

O

0.8

IT
0.

5CAREE COMMEOI AELINEIAN
MALI. 5 MALL 5M ALLMIMALE EMIMALE AMIMJII 5 5CARCL COMMON

Animals � DomesticAnimals � Wild
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Field personnel would use these curves to determine the
quality 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  WRAH!, which was developed by the Army in an effort
to support the Water Resources Council's principl.es 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
approach to assignment of parameter values. The weighting system is based
on Dean and Nishry's �965! relative importance coefficient  RIC!  Figure 13!.
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Figure 13. Relative Importance Coeff icient {RIC!

Each variable  Vn! is compared individually to every other variable
to 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 weight 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 coefficients  ACC!. AGC
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.
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Figure 14. WRAN Coefficient Matrix

The Corps of Engineers Lower Mississippi Valley Division's Habitat
Evaluation ~Saturn �976! as well as the U. S. Department of the Interior's
Fish and Wildlife Service Habitat Evaluation Procedure �976! 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 sub]ective views of a team of experts who visit the area
being evaluated. Dr. Albert Radford �977! has developed a model to mea-
sure and inventory species, coamunity, 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 available, 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 e 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.



B. NATURAL AREA EVALUATION CLASSIFICATION SYSTEM SUGGESTIONS

INFORMATION SOURCES I DOCUMENTATION IINFORMATION SYSTEM I

BIOTIC AND ABIOTIC DIVERSITY  tOtal Biotic:
Biotic Systems � Pedologic-
Cover Classes � Geologic�
Cover Types � Hydrologic�
Species � Topographic�

Hydrographic�
Excellent, 5; Good, 4; Average, 3;
Mediocre, 2; Poor, l.

B,

NATURAL FEATURES CONDITION  total: !
Communities � Hydrology�
Pedology - Topography-
Geology � Hydrography�

Pertinent reports and studies
Pielo observation and determination

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

DISTRIBUTION  total:
Hydrology�
Topography-
Hydrography�

NATURAL PEATURES
Community
Pedology
Geology

D

Endemic, 5; Unique, 4;
Infrequent, 3; Common, 2;
Very Common, l.

HUMANISTIC FEATURES  total: !
Aesthetic Value�
Scenic Value
Scientific Value-
Historical Value-

FieId experience and reports
Scientific reports
Historical reporrs
Land Use reports

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

PRODUCTIVITY etc.  total: !
Biomass
Cover
Food
Breeding territory�

Wildlife reports
Economic reports

NATURAL AREA EV UAT1ON
Total:

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

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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ENDANGERED
Endangered
Endangered
Endangered
Threatened
Threatened
Threatened
Endangered
Threatened
Infrequent
Infrequent

4 THREATENED
Endemic
Throughout
Die!unct
Endemic
Throughout
Dis] unct
Peripheral
Peripheral
Endemic
Peripheral

SPECIES  total:
lO

9
8
7
6
5
4
3
2
l

!
International Lists
Smithsonian List
State Lists
Field observation, determination

and authentication

total Abiotic: !
Vegetation maps, studies and reports
Pedologic maps, studies and reports
Hydrologic maps, studies and reports
Topographic maps, studies and reports
Field observation, determination and

authentication

Vegetation maps, studies and reports
Pedologic maps, studies and reports
Geologic maps, studies and reports
Hydrologic maps, studies and reports
Topographic maps, studies and reports
Hydrographic maps, studies and reports
Field observation and determination
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Matrix Analyses

Matrix models portray for the decision maker the relative importance
of project impacts on specified features of the environment. 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 af the proposed actions.

The Battelle �974! 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 �977!.

TasuL c-3. EUHHARs oe ABRTHETxc IKPAGT JQIA1YBIs PUR REAcH l, cnocoLttTK BAfoc

++ Uniquely attractive for region, not nore then one »»spar»bi»»xasple axiate
t Unusually attraotlve for region, teo or nore Caspar»bin ex»spine exiaC
0 Conparebla to regional noreUnusually unattractive for r»glen, ceo or sore eospareble exasplee exist

Uniquely nnnttraetive for region, not sots Chan one eosparable axespla exiete
* conaltlona highly nnrextein, aae text

Figure 17. Battelle Matrix
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Other S stems

The above categoriea 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 �971!, the Kentucky Mater
Resources Institute  Dearinger, 1971! has developed a model which focuses
on the uniqueness of a given environmental 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 is 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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THE WETLAND EVALUATION 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 ~toda . WES
provides the systems approach to 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.

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

The model is designed to be as useful to the planner who is making a
behind-the-desk survey of wetland impacts as it is to the planner who is in
the last stages of planning and who has had the benefit of extensive visits
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 WES as a model is to produce information concerning the/f
change in value of the environmental quality of a wetland area  or areas! as
a result of the intrusion of man into the area s!.

The Structure of WES

Since there is na 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 their values provides a measure of the quality of a designated wetland.
For a given wetland area, the basic model is:
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�! C V - V

where C ~ Change in value of wetland area

V ~ Base value of area
B

V ~ Value of area under "change from base" conditions
C

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

�! V ~WIA +W2I A +WI A3 ... +WI A

where W ~ Relative weight of Indicator n
n

I ~ Indicator n
n

w + w + ... w 1,00
n

Surface area of wetland n

W +

A
n

�! V WC IA +WC IA + ... WC IA

where C ~ Percentage change in Indicator n under "change from base"
n

conditions

To provide for consideration of the probabilities involved, appropriate
factors may be introduced in equation �! to produce:

�! V ~ W C P I A + W C P2I A + . ~ . W C P I A

where P Probability of occurrence of event causing change n
n

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

n

�! CB = ~  VB - VC !
j

where C = Change within the parent system  basin, estuary, reach!

n = Number of areas

Features of the WES

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

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.



being modeled at the macro 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 vill the interdependence among these indicators and the con-
fusion among the eve tuators, 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:

Endan ered S ecies 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 species, some-
thing mandated by law, and the opportunity for those in the
local area, through the weighting process, to express their
views on the relative importance of the endangered species to
the overall ecology of the area.

Fish and Other A uatic Ecos stems 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 systems 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.

Wildlife and Other Terrestrial Ecos stems WLDLF , The
extent, size, and qua Kity of the terrestrial ecosystem as a
whole, minus waterfowl, This indicator includes al1 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,

The extent, size, and quality of the water-
fowl population in or known to frequent the area. It includes
those vegeta tive and water features necessary to provide water-
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8.

9.

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,
evaluators determine which six indicators  of the nine! best represent the
wetland area under study, Some attributes may be found in only a few areas;
others throughout the basin. Six indicators must be selected for each area
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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.

of 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,

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 s 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 ~ater 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,

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.

Life-C cle Su ort 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.

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
va lue.



 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 model restricts the size of an area to no more than 9,999 acres,
although normally an area would involve considerably less acreage. Areas
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.
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Figure 18. Typical Areas

29



Figur e 19. Typical Areas � Estuary

Figure 20. Typical Areas � Coastal
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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
case 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 area 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, a 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 af 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,S, 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-
cialss 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 weight or importance of each indicator being used.

t

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
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case of appearance, for example, an untouched backwood swamp with great
diversity of trees and vegetation might be rated as a 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!.
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Figure 21. Value Scaling � Indicators

The evaluation is a judgment call, but a call by individuals who are
familiar with the diversity and value 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.
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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 in Louisiana or
North Carolina. The characteristics of a wetland even differ from north
to south Louisiana with the Felsenthal bottoms having a different makeup
than lower Atchafalaya 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



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.

Chan es in Base Value from Pro ect Actions. In the second phase of
the evaluation, the same team of experts assesses the damage done 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: �! assessment of the change at tribu-
table to the direct impact of the project under consideration; �! the
determination of the incremental change attributable to secondary impacts
that would follow project completion; and �! 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 lCe

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.

W~ei htin . In order to determine the overall value of an area under
base "with project" or "without project" conditions, the base or modified
values must be combined. Thi,s 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 weighting
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 wae ~e uall important. Seldom,
however, is this the case. Therefore, some method must be used to assign
relative weights to each indicator.

In |dtES, the assi'gnment of these weights is accomplished by the team of
local representatives described earlier. This group is briefed by repre-
sentatives 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, In 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!.
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Figure 22. Value Scaling - Weighting

Use of a zero value permits the rater to "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 regions 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.16 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, If 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 ~odified further by discussion, the last vote
is taken as the final 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, Par tie ipa tion 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 end secondary and "other" impacts a somewhat
lower probability.

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 "wi.thout project" values is
a much better measure of project impact than 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
tirae and over space.

Prom a spatial standpoint, the WES requires the evaluators to initially
assess 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.



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 WKS includes both computer printouts and computer gen-
erated maps. These documents enable those involved in the prospect 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. In addition, during the
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' The displays also provide a useful record of wetland
status.

Computer Printout

A section of a typical printout is shown in Figure 23.
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Figure 23. Typical Computer Printout
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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  environmental 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 percentage change in
the area resulting from the "without" project actions. Sections  G! and  H!
parallel sections  E! and  F! except tha t they deal with "with" proj ect
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 forms t similar to  H! .

Computer Graphic Display

MES uses either SYNAP or CALFORM as its display technique.  Any com-
puter graphic system could be used.! Figure 24 illustrates a typical CALFORN
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  B! 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.

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.

Inde pendence o f Ind ica tor s

The nine indicators are assumed to 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.. GALFORM Display

however, through ]udicious 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 Pocus

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 Weights

The assignment of values to indicators and the assignment af relative
weights to the indicators are assumed to be independent operations. 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 occurs
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Inde pendenc e o f Ar ea s

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 an equally high value in two adjacent
areas, the larger of the two areas i.s 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 area is
important to these indicators, size can be assumed to be a valid overall
measure  or multiplier! of relative importance.

0 eration of the WES

Figure 25 illustrates the basic Wetland Evaluation System.

The ~odel first assigns values to each indicator of wetland quality in
each area, These indica tors are weighted, and the impact of the ac tion 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. Af ter
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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Figure 25. Wetland Evaluation System

Figure 26. Step Two � 3ase Value Computation
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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 t' he
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. A.iSWa'D
PsÃ75

Figure 27. Impact Assessment

Zn each case the nature of the action causing the impact being assessed
is described by someone familiar with the action; normally, the projec t
engineer. The interdisciplinary team and the project engineers assign a
probability of occurrence to the action in question. 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.



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" conditions; 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 sub-basin/estuary/

sector level. 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.

Figure 29. Basin, Estuary or Coastal Evaluation

43





IV

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/estusry is treated in detail, while information on the other
sub-basins/estuaries is provided without explanation, 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 interdisciplinary 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 �, 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 construction. 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 station.

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 is 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 potential intrusion of agriculture into areas 1, 2, and 3.



Basin
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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 s percentage change in value
as a result of each action. All of this information is then fed to the cora-
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 wild1ife 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 is 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 basin 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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Figure 34-35. Graphic Displays



Figures 36-37. Graphic Displays
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Figures 41-42. Graphic Displays



Neuse River Estuar

This ~exam le portrays the ggg as a tool for evaloatfog dffferaooes
among alternative plans  "with project" ! and the "without project" conditions.

Development is taking place in several areas throughout the estuary
 Figure 43!. Of prime concern is 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.

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
estuary.!

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 is 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 Plan 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 ax'e the direct impacts
they are each assigned 100 percent probability. The secondary impacts of
both alternatives are related to pollution resulting fx'om 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 "othex" impacts xesult 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.

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
losses needs to be made.

All value assignments are turned over to the administxative staff for
submission to the computer. Figux'e 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 sugary
results at the area level.
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Figure 48. Plan A
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Figure 49. Plan B
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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.

7".,e MES again has produced displays that will assist the reviewers
and an. lysts at all levels in their handling of the project. Dated infor-
mation concerning ."hase wetland areas has been gathered and stored for
future use. The views of local citizens nave b .en heard and taken into
account. A decision has not been made solely on the bas-'s of the WES
output; however, the output has significantly aided the decision maker.

Gom uter Pro rammin

The printouts used in the examples represent the output of a PL/C
program written by the author. The graphic displays are CALFORM and SYNAP
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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CONCLUS IONS 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 t' he structure remains to be seen.

The WES is not one equation or one progxam. It is the blending of a
number of concepts, concepts which, I believe, give it considerable strength.
While there can be considerable discussion ss 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. Por assess-
ment at the macro-level, the myriad parameters that make up the wetland
must be "factored" into only a few representative txaits. Whether six,
four, eight, ox 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 aid the decision maker in his
judgments. It provides relative values, and these values are subject to
wide interpretation. In the hands of pure "number cxunchers," 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 s point of
departure for other efforts in the same vein.
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FOOTNOTES

1See Bosselman and Csllies for review of efforts to control this
development in coastal areas. Goodwin and Niering discuss critical
Inland Areas. See also Phyllis Pyers for problems with Florida Wetlands.

2Subdividin 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-

4 National 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. Callawa �ERC1784!.

8U. S. Army, Corps of Engineers Regulation 1145-2-303  8c!.

9 President Carter s Environmental Message to Congress, 23 May 77.I

10 EPA, Environmental Assessment Pers ective, p. 87.

11 U. S. Water Resources Council, "Water and Related Land Resources;
Establishment of Principles and Standards for Planning," Federal Re ister,
Vol. 32, No. 174.

12 EPA, ~o . cit., pp. 87-88.

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

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

15 See Oconee Basin Pilot Stud , Savannah District Corps of Engineers
for Test of Automap and An Exam le of the Use of Com uter Gra hics in
Re ional Plan Evaluation, Los Angeles District for updated Steinitz effort.

16 See Dalkey, et el., Studies on alit of Life Del hi and Decision
pp. 13-55.
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17 Weights could be assigned to each area if desired.

18 Only selected plots are provided. A plot would normally be produced
for each indicator for "with" and "without" conditions.
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FISH APP EAR STORE CULTURE

10 ~ 00 2 ~ 00 4 ~ 00 2 ~ 00

2 00
7CC ~ 00

5 00
1 750 ~ 00

F 00
1050.00

72 00
75 F 00

805.00
-54. 00

-65 ~ 00
75e 00

358 75
-48.75

- 76 ~ 00
75 F 00

451 ~ 50
-57 ' 00

2. 00
600 C0

5 F 00
1500.00

3 ~ 00
900. 00

-65 ~ 00
75 ~ 00

307 ' 50
-48.75

-75 ~ 00
75 F 00

656 ' 25
56.25

-70. 00
75, GG

427.50
-52. 50
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EVALUATION OF YAZOO BASIN
SACZNATZB SVB-BASIN
PUHP PLANT PROJECT

ZHVIRONHENTAL FEATURE

NEIGH T

VALUE
BASE VAL- E{} POINTS

NON PRO J IHP ACT  %CHANGE!
PROS OF OCCURRENCE
BASE VALUE It/0 PROJ
PEP CARTAGE CHANGE

PROJECT IHPACT  %CHANGE!
PROS OF OCCURRENCE
S ECONU IHP ACT  %CHANGE!
PROB OF OCC VBB ENCE
BASE VALVE N/ PROJ
PERCENTAGE CHA'NGE

VAIUE
SASH VAL-EQ POINTS

SON PBOJ IHPACT  %CHANGE!
PROS OF OCCURRENCE
SAS E VALVE N/0 PROJ
PERCENTAGE CHANGE

PRO JECT IHPACT  %CHANGE!
PROB OF OCCUBBENCE
SECOND IHPACT  %CHANGE!
PROB OF OCCUBRENCE
HASE VALUE 'lt/ PROJ
PEBCESTAGE CHANGE

65 ~ 00
1GC.DD

1 ~ 00
2 F 00

244 ' 39
-65.C9

-65. 00
1CC. C'0

-1 ~ 00
25. OO

209, 48
-6 09

NL UXF FOWL

10 ~ 00 2. 00

AREA 1
ACR RAGE 35C

7 ~ 00 6 ~ 00 7 00
24 0 ~ CD 2100 ~ 00 2450,00

-70. 00 75 ~ 00 70 ~ 00
75 LCD 75.0C 75 ' 00

1163, 75 918 75 1163 ~ 75
52 50 56 ~ 2 52 50

ABEA BASE VAI VE 16 6 ~ 67
N/0 PROJ VALUE 783.77
PERCENT CHANGE -52 69

-65 ~ 00 -65. 00 -35 ~ 00
1 CD ~ 00 100 ~ DC 100.00

-1. 00 -1 ~ 00 -1 ~ 00
25 F 00 25 F 00 25 ' 00

855 ~ 36 733 ~ 16 1588 ~ 52
-65.09 -65 DS -35 ~ 16

AREl EASE VALUE 16-6 ~ 67
N/ PROJECT VALUE 607 64
PERCENT CHANGE -51. 25

AREl 2
lCB E AGE 300

7 ~ 00 6 ~ DC 7 ~ 00
2100 00 1800 00 2100 ~ 00

-70 ' 00 -75 F 00 -70 F 00
75 ~ 00 75.GC 75 F 00

997 ~ 50 787 ~ 50 997 ~ 50
-52.50 -56 ' 25 -52 ' 50

AREA BASE VALVE 1420 F 00
N/0 PROJ VALUE 67C F 00
PERCENT CHANGE 52, 82

-65. 00 -65 ~ 00 35. 00
1CD ~ 00 100 ~ 0 C 100 ~ 00
-1 ~ 00 -1r DC -1 e 00
25 F 00 25 F 00 25.00

733 16 628. 43 1361 59
-65 ~ 09 -65 QS -35 ~ 16

AREA SRSS VALVE 1420. 00
It/ PROJECT VALUE 692 ~ 27
PERCENT CHANGE -5 1 ~ 25

-1. 00
100 00

00
25 ~ 00

1 728 ~ 17
-1 ~ 25

-1 ~ 00
1 00 ~ 00

-1 ~ 00
25 ~ 00

1461 ~ 29
-1a 25

-20 ~ 00
100.00
-1 ~ 00
25 00

837 ' 90
-20 ~ 20

-20.00
100. 00

-1. 00
25. 00

718. 20
-20. 20



3. OO
9oa.oo

2. CO
60O.CO

4 ~ GO
12CO ~ OO

65.0
7'. OO

307.50
48 75

-70. 00
75. 00

427. 50
-52.50

-75 ~ DG
75 ~ 00

525 ' CG
-56 25

3 CO
135G,OC

7. OO
31cO ~ 00

4 GO
't 800. CO

GO
7'. GO

12990 38
-3. 75

OO
75, 00

3031 ~ 88
-3 75

-" ~ GO
75, 00

1732. 50
-3. 75

'. ao
25OC F 00

5. 00
25GO. CO

6,00
3OOC ~ OO

OC -9.00-8. 00 -8 ~ 00

77

VALUE
BASE VAL- EQ POINTS

NOH PRO J XRP ACT f'CC HAN GX !
PROB OF OCCURRENCE
BAS E VALUE M/0 PRO J
PERCENTAGE CHANGE

PROJECT X EPACT  %CRANGE!
PROB OF OCCURRENCE
S ECON D IMPACT  %CHAN GE!
PROB OF OCCURRENCE
BASE VAX UZ I/ PROJ
PERCENTAGE CHANGE

VAX.UE
BAS E VAL EQ POINTS

NON PROJ XRPACT  %CHANGE!
PROB OF OCCURRENCE
BAS E V ALU E R/0 PROd
PEPCENTAGE CHANGE

PROJECT XRPACT  %CHANGE!
PRCB OF OCCURRENCE
SECOND IMPACT  %CHANGE!
P ROB OF OCCURR ENCE
BASE VALUE M/ PRO J
PERCENTAGE CHANGE

VALUE
BAS E VAL EQ POINTS

NON PROJ XRPAcT ~NCRANGE!

-65.00
1OC. OO

-1 ~ CO
25.CO

209 48
-E5.09

-1C CO
10C ~ 00

-5.CO
2' ~ OO

1199 ~ 81
-11 ~ 13

AREA 3
ACREAGE OC

7.CD 6.00 3.00
2100 s 00 1800m OC 900 s 00

-70. OO -75, DC -70. 00
75.CO 75.OC 75.00

9 97 50 787 5 C 427 ~ 50
-52. 50 -56. 25 -52 ~ 50

AREA BASE VAIUE 1300. 00
N/0 PROJ VA LUE E14 5O
PERcENT cRA NG e � 2. 73

-65 00 -65.00 -35 00
1<0 ~ CG 100 ~ OC 100.00

-1 ~ Go -1. DC 1.00
25. CO 25.0C 25 00

733. 16 628.43 583.54
65 ~ C9 65 Cc 35 16

AREA BASE VAIUE 13CO ~ 00
R/ PR 0 J ECT Vl LUZ 600 ~ 89
PERCENT CHANGE -53 78

AREA
ACREAGE 45C

9.00 9.GC 7.00
4050. 00 4050 ~ oc 3150 ~ oo

-6 GD -10.00 -5.00
75.CC 75.OC 75.00

3867 ' 75 3746 2' 3031.88
-4.5G -7. 50 -3.75

AFE h BAS E V ALU E 28 20 ~ OO
R/O PRCJ VALUE 2E94 GC
PERCENT CBA NG E -4, 47

-20 DD -20.00
1CG. CO 100 ~ CC

-5. OO -5. GC
25.00 25.GC

3199. 50 3199 ~ SO
-21+00 -21 GC

AREA BASE VALUE
M/ PRO JECT VALUE
PERCENT CHANGE

-2G.GO
100.00

5.00
25,00

2488 ' 50
-21.00

820.00
2322 .60
17+ 64

AREA 5
ACRXAGE 00

9oCO 9 ' OC 7.00
4500,00 45OO.DG 3500.00

-7.CO -6 ~ OO

-1 00
100 F 00

-1 ~ 00
25 ~ Oo

1185 ' 03
-1 ' 25

-5.00
100.00

-5.00
25 F 00

2955 09
-6 ~ 19

-20 00
100. OO

1. 00
25 F 00

718 20
-20. 20

30 ~
1DC ~ GD
-5.00
2'5. GD

1244 ~ 25
-30.87



75. 00
2331. 25

-6.75

75 ~ PD
2820 F 00

-6.00

75.00
2406 ' 25

-3 ' 75

7.00
3500.00

9.00
45OQ.QD

7.00
3500100

-9.00
75.00

4196 ~ 25
-6. 75

-5 ~ 00
75 ~ 00

3368 ' 75
3 ~ 75

-5. DD
75.00

3368. 15
-3.15

BACKNATER SUE-XASXN
BASK VALUE  ACRE PCIHTS! 14897
N/C PRO J ECT V ALU E 12085
PERCENT CHANGE 18 ~ 88
N/ EROJECT VALU E 10006
PERCENT CHANGE - 32. 83

78

PROB OF OCCURRENCE
BASK VALUE R/0 PROJ
PERCENTAGE CHANGE

PROJECT IH P ACT  %CHANGE� !
PROB CF OCC U RR ENCE
S ECON D IiNP ACT  %CHANGE!
PROB OF OCCURRENCE
BASE VAZ.UE 8/ PROJ
PERCE'NTAGE CHANGE

V ALUE
BA SE VAL- E Q POI HTS

NOH PROJ TBPACT  %CHAN GX!
P ROB OF OCCURRENCE
BASE VALUE 8/0 PROJ
PER CEHTAG'E CHANGE

PROJECT XHPACT  %CHANGE!
PROB QF OCCURRENCE
SECOND IHPACT  %CHANGE!
PROB OF OCCURRENCE
BASE VALUE N/ PROJ
PERCBNTAGE CHANGE

-10,QG
1GC ~ OP

-5.00
25. QP

2221 88
-11 ~ 12

-10 ~ QQ
10Q 00

5 F 00
2c PP

3999. 38
-11 ~ 12

75 ~ 00 75. 0 0 75. Oo
4263 ~ 75 4297 ~ 5Q 3290 ~ 00

-5. 25 -4. 50 -6. OO
AREA BASE VALUE 3433.33
H/0 PROJ VALUE 3i60. 58
EBKCENT CHANGE -5.03

-40.00 -40.0C 40.00
1CO OQ 100 OQ 100 F 00

-5e 00 -5 ~ OQ -5. 00
25 ' Op 25.00 25,00

2666 25 2666 ' 2' 2073e75
-40 ' 75 -40 ' 75 40.75

AREA BASE VALUE 3433.33
H/ PROJECT VALVE i419 ~ 38
PERCENT CHANGE - 29.53

AREA 6
ACREAGE 5QQ

F 00 8 F 00 9 ~ OO
4500 F 00 4000 ' OC 4500.00

-5 ~ 00 -5 ~ 00 -5 ~ 00
75.00 75.0C 75.00

4331. 25 3850. OQ 4331 e 25
-3 75 -3.75 -3 75

AREA BASE VALUE 4266,67
V/0 PROJ VALUE 4C61 ~ 67
PERCENT CHANGE 4. 80

20 ~ QQ 70 ~ QQ 80 ~ DD
1CQ.ea 1OO.OC 1OD.OD

5. QO -5. OC -5 ~ 00
25 ~ PD 25. QQ 25. 00

3555. 00 1185 ~ 00 888. 75
-21. CO -7Q-3 1 -80 ~ 25

AREh BASE VALUE 4266.67
8/ EROJECT VALUE 3163.29
PERCENT CHAHGB -2 ~ 86

-5. 00
100 F 00

-5 F 00
25IQO

2 814 ~ 38
-6 ~ 19

-20.00
100,00

-5 ~ QC
25 00

2765 ~ QQ
-21.00

-40. QO
100 ~ 00
-5 ~ 00
25 F00

1481. 25
~40 ~ 75

-40.QO
100. 00
-5. CQ
25.PQ

2073.75
-40.75



CULTURESTOlil EappzaNF ISH

4.00 2.0010 ~ 00 2.00

8 ~ 00
4800 ~ DD

6. 00
3600.00

3 ~ 00
18GG.OG

-5 ~ 00
75. 00

3465 ~ CQ
3,75

-5.60
75 ~ 00

1732 ~ 50
~3 ' 75

-5 ~ DD
75 ~ 00

4620 F 00
-3 ' 75

3+ 00
1200 ~ 00

6. 00
24 GO. GG

8 ~ 00
3200. 00

Gd
7 00

1155 ~ 00
-3,75

-5. 00
75.00

3080. 00
3 ~ 75

"5 ~ 00
75 DO

2310 ~ DD
-3. 75
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EVlLUATIOH OF YA ZOO Bl SI H
CAHTZR AREA So 8-BASIN
LZVZZ PROJECT

ENVIRON RENTAL FZATU R Z

HEIGHT

VAL UR
BaSZ VAL-ZG POINTS

NDH PR0J IHPACT  %CHANGE!
PROB OF OCCURRENCE
BASE VALUE N/0 PBOJ
P ZRCL HT AGR CH ANG R

PROJECT IZPACT  %CHANGE!
PROB OF OCCURRENCE
S ECON D XHP ACT  %CHANGE!
PROB OF OCCURRENCE
BASE VALUE V/ PBOJ
PERCENTAGE CHANGE

vaLUE
BAS Z VAL ZQ POINTS

NON PRoJ INPacT  %cBAHGE!
PROB OF OCCURRENCE
BASE VALUE V/0 PROJ
PERCENTAGE CHlHGE

PROJECT IHPACT %CHANGE!
PROS OF OCCUHRRNCR
SZCOND IHPACT  %CHANGE!
PROB OF OCCURRENCE
SASZ VALUE H/ PROJ
PERczNTAGZ cHAHGZ

-10 ~ GD
1OC.OO

-5add
25-Cd

1599 ~ 75
-11. 13

-10sDD
100 F 00

5 F 00
25m 00

10 66 ~ 50
-11 ~ 13

VLDLF FOUL

10 ~ 00 2. 00

AREA 7
AcREAGE 600

10 ~ 00 3.00 F 00
6000.00 1800 F 00 2400,00

-5 ~ 00 -5100 -5 ~ 00
75 ~ 00 75.00 75. 00

5775 ~ 00 1732~ 50 2310 ~ 00
-3. 75 -3 ~ 75 3 ~ 75

AREA BASE VALUE 3760. 00
v/0 PRCJ vaLUz 3619.00
PXHCZHT CVAHGZ -3 ~ 75

-20.00 -70 F 00 -80 ~ 00
1CO F 00 100,dC 'lddidd

-5 ~ GD -5 ~ Dd -5 ~ 00
25.00 25 ~ GC 25 ~ 00

4740. 00 533. 25 474 00
-21 ~ 00 -70 ~ 37 -80.25

ARza Basz vaI.UZ 3760.00
V/ PROJECT VlLOZ 2828.20
PERCENT CHARGE -24,78

AREA 8
AcBZAGF 40C

10 ' Cd 3 ~ DG 4 ~ 00
4000.00 1200 F 00 1600 00

-5 ~ 00 -5. 00 -5. 00
75 ~ GG 75 ~ OC 75. 00

3850 ~ 00 1155 ~ dd 1540 ~ 00
-3. 75 - 3. 75 -3 ~ 75

AREA BASE VALOR 2 506 ~ 67
V/0 PBOJ VAL UE 2412 67
PERCENT CHANGE -3 75

-10 ~ 00 -20 ~ 00 -20 ~ 00
100.00 100.0C 100.00

5 ~ 00 5 ~ dd -5.00
25 LCD 25 ' DC 25 F 00

3555 ~ DD 948 ' DC 1264 F 00
-11. 12 -21.00 -21.00

AREA Blsz vaLUE 2 C6 ~ 67
V/ PRO JECT VALUE 2230 ~ 43
PERCENT CHANGE -11 ~ 02

- 20.GD
100. 00

-5 ~ 00
25 ~ 00

37c2 ~ GD
-21.00

-5. 00
100 ' DD

-5.00
25 F 00

30C2 00
-6. 19

40. 00
100. 00
-5 ~ 00
25 F 00

2133 F 00
-40e75

-10. 00
100. 00
-5. 00
25,00

2133 00
-11. 12



CLBT EB 1BR 1 SUE BlSXB
81SR TLLUE kCBE PCXBTS} 6267
M/C PBCJECT IflLOB 6832
PEBCBBT CH1BGE 3 ~ 75
Ii/ PBO JRCT IflLUB 5059
PEBCEBT CE1BGR 19.28
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CULTURE

2 ~ 00

STORE

4 ~ 00

PISH

2 ~ OO10. 00

3 ~ 00
1200 ~ 00

e.oo
3200.00

3.00
12CC 00

-5.00
75.00

3080. 00
-3 75

-5e Oo
7 00

1155IOO
3. 75

5 F 00
7 00

1155 ~ 00
-3.75

8 ~ 00
36CC ~ 00

3. 00
1350 ~ 00

3 ~ 00
135O.00

5 ~ 00
75 ~ 00

1299 ~ 38
-3 ~ 75

-5. 00
75.00

3465.00
-3.75

5 ~ 00
75m 00

1 299. 38
-3 ~ 75

81

EVALUATION CF VAZOO BASIN
RASP LAKE SUB-BASIN
LZVZZ PROJECT

ZN VIRO N HZNTL L FEATURE

HEIGHT

VhLUZ
BASE VAL-E{} POINTS

NON PROJ IB PACT {%CHANGE!
P~C'B OF OCCURRENCE
BAS E VAL UE M/0 PRO J
PERCENTAGE CHANGF.

PRO J EC I HP ACT {%CH ANG Z!
PROB OF OCCURRENCE
SEcoND IBPacT {%cHLNGE!
PROB OF OCCURRENCE
BASE VhLUE N/ PROJ
P ZP CENTLGZ CHANGE

VAI,UE
BAS Z VAL-EQ POINTS

HOH PROJ IHPACT [%CHANGE!
PROB OF OCCURRENCE
BASE VALUZ N/0 PROJ
PERCENTAGE CHANGB

PROJECT IHP ACT  %CHANGE!
PROB OF OCCURZEl{CE
SECOR 0 IHP ACT {%CHANGE!
PROB OF OCCU RR ENCE
BASE VALUE N/ PROJ
PERCENTAGE CHANGE

-1C.OO
100 ~ OO

-5 F 00
25.00

1066 ' 50
-11. 13

-1C ~ 00
1C'C ~ 00

5 ~ 00
25. 00

1199 ~ 81
-11413

NLDIF FOIL

10 ~ 00 2 ~ 00

AREL 9
ACR EAGZ 40C

3 ~ 00 3 ~ 00 4. OO
1200.00 1200 F 00 1600.00

-5 ~ 00 -5 ~ 00 - 5. 00
75 F 00 75.0C 75 F 00

1155,00 1155 00 1540 ~ 00
-3 ~ 75 -3 ~ 75 -3 75

AREA BASE VALUE 14'93. 33
N/0 PROJ VALUE 1437.33
PERCENT CHhliGE -3 ~ 75

-10 ~ 00 -20 ~ 00 -20 ~ 00
1 Co. 00 100 ~ OC 100. 00

5 ~ 00 -5 00 5 ~ OO
25 ~ OO 25 F 00 25.00

1066. 50 948 ~ OO 1264 ~ 00
- 11 13 -21 ~ OC -21.00

AHBA BASE VALUE 1493 ' 33
N/ PROJECT VALUE 1329~83
PERCBNT CHANGE -10 ~ 95

AREA 10
ACREAGE 450

3.00 3.04 4.00
1350.00 1350 ~ OO 1800.00

-5.00 -5.00 5ioo
75 ' CO 75 ' OC 75 F 00

1299 ' 38 1299 ' 38 1732.50
-3 ' 75 -3.75 -3 ' 75

AREA BASE VALUE 1680 OO
N/C PRCJ VALUE 1617 F 00
PERCENT CHANGE -3 ~ 75

-10 ~ 00 -20 ~ 00 -20. 00
%CO GO 100 ' OC 100 F 00

-5, 00 -5 ~ 00 - 5 ~ 00
25 F 00 25 ' OC 25 F 00

1199 ~ 81 1066. 50 1422 ~ OO
-11.13 -2'$.00 21 ~ 00

AREA BLSZ VALUE 1680 e 00
N/ PROJECT VALUE 1496e06
PERCENT CHANGE -1C 95

F 00
100 F 00

-5.00
25 F 00

30C2 ~ 00
-6. 19

-5 ~ 00
1 00.00

-5.00
25.00

3377 e25
-6. 19

- 10.00
100 F 00

-5. 00
25 ~ 00

1066. 50
-11. 13

-10.00
'l00. 00
-5 ~ 00
25.00

1199 ~ 81
- 11. 13



RISP LIKE SUB-BISIN
SlSE VlLUE  ICRE PC IRTS!
0/C PROJECT V ILUTE 3054
PERCEET CHIRGE -3e75
I/ PROJECT VlLUB 2826
PERCERT CHIRGE $0, 9 5

3173
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STORE CULTUREAPPEAR

2 ~ 00

HLUXF FOHL

10. 00 2.0 C

FISH

10. 00 2. OO4 ~ 00

8.00
4000«00

3. 00
1500, GO

8 ~ 00
4000 00

-5«00
75. 00

3850. 00
-3. 75

-5. 00
75 F 00

3850 F 00
-3. 75

-~.00
75 ~ eo

1443 ' 75
-3«75

-5. 00
1 CQ ~ 00

F 00
25.00

3752. 50
6 ~ 19

SHAKE CREEK SUB BASIN
BASE vaI,UE acRE PoxHTs! 3300
II/O PRoJEcT vaxUE 3176
PERCENT CHANGE -3 ' 75
R/ EROJECT VALUE 2966
EERCEHT CHANGE 10 13

XAZOO BkSI N
Base VALUE ACRE POINTS! 27637
H/0 PRCJECT VAXUE 24347
EERcENT cAAHGE -11. 90
P/ PROJECT VALUE 20856
PERCENT CHANGE 24«53
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EVALUATION OF YAZOO BASXH
SHAKE CREEK SUB-BAS IH
LEVEE PPOJECT

EHVIROHAEHTAL FEATURE

HEIGHT

VALUE
BASE VAL-EQ POXNTS

HOH PROJ IHPACT  %CHANGE!
PROB OF OCCURRENCE
BhSE VkLUE H/O PROJ
PERCENTAGE CAhHGE

PROJECT IAP ACT  %CHhHGE!
PROB OF OCCURRENCE
S ZCOH D XAP ACT  %CAkHGE!
PROB OF OCCURRENCE
BAS E VhLUE 'lI/ PROJ
P EB c E HT a GE C 8 a HG E

-10 ~ CO
10C ~ 00

5,00
25. 00

1333, 13
-11 ~ 13

AREA 11
acRE AGE 5QG

10. 00 F 00 F 00
5000 ~ 00 2500 ~ 00 2500 ~ 00

-5.00 -5 ~ 00 -5«00
75 F 00 75 ' OC 75 00

4812. 50 2406 ~ 2' 2406 ~ 25
-3 75 -3. 75 -3 ~ 75

AREA BASE VALUE 3300 ~ 00
N/C PRQJ VALUE 3176 ' 25
PERCENT CEkHGE 3.75

-10 e0 -20 F 00 -20.00
1CO F 00 100 ' 0C 100 F 00
-5«00 -5 ~ 00 5«00
25 F 00 25 ~ OO 25 F 00

4443. 75 1975«00 1975 ~ 00
� 11 ~ 13 -21 OC -21 ~ 00

AHEa EasE VAIUE 3300.00
H/ PROJECT VALUE 2965«79
PEBCENT CHANGE -10 ~ 13

5.eO
100. OO
-5.00
25«00

4147. 50
3. 69



NETLAHD YVALUATICN SYSTEN  VES!

TECHNICAL hNALYSTS: ZXAPPLE ONLY-NAX TCN,NOBGOOD,FLANAGAN,PARKS,SNITN

PUBLIC REPRESENTATIVES: EIANPLE CNLY-SUARKEY ND OF SUFV,ED OP HS LVEE CONN

8e4tOe4e 4484i 4444444044 4
NO%i:

CUMULATIVE YYFZCT HAS

~ BEEN TAKEN INTO ACCOUNT
ZN THIS RUN

4444tt404 ~ 4441144444t4 4
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STORB CULTUREPISH kP P EAR

1C ~ 00 2. 00 4 ~ Od 2.00

5 ~ 00
1 750 ~ 00

2 ~ OO
7CC.OO

3 ' OO
1050.00

-BC.CO
75+00

28G ~ 00
-6C ~ OO

72.00
75m 00

805.00
-54 F 00

76. 00
75.00

451 ~ 50
-57.00

2 ~ 00
600 CO

5 ~ 00
15CO GO

3 00
900.00

-Bee00
7 :Oe

24C.OO
60 ~ 00

- 75 ~ 00
75.00

656 ~ 25
-56 ' 25

-76.OO
75. 00

387 ' OO
-57.00

FVAIUAT ION CF YAZOO BASIN
BACKVATER SUB BASIN
PUN P PLANT PROJECT

'ENvIRGBBENTAL FEATURE

HEIGHT

VALUE
BASE vaL-zQ PGINTS

NGN P ROJ IBP acT  %c HAN GX!
PROB OF OCCURRENCE
BasE vaLUE v/o pzOJ
PERCENTAGE CHANGE

PROJECT IHPACT %cHANGZ}
PROB OF OCCURRENCE
s EcON 6 IBP acT  %c HANGE!
PROB CF OCCURRENCE
BABE vALUE N/ PROJ
PERCENTAGE CHANGE

VALUE
BAsE vaL EQ POINTS

NON PROJ IBPACT  %CHANGE!
P BO B OF OCCU RRZ ICE
BASE VALUE N/0 PRO J
PBBCENTAGE CHANGE

PROJECT IHPACT %CHANGE!
PROB OF OCC UBRE'NCZ
S ECON 9 IHPACT  %CHANGE!
PROB OP OCCURRENCE
BASE VALUE N/ PROJ
PZRczNTAGE cHANGE

-65.00
10C.00

1 ~ GO
25 ~ 00

244 ~ 39
-65.09

-65 ~ 00
1CC ~ 00

-1.00
25 00

209,48
65 ~ 09

OLDIE VONL

10. Gd 2. 00

AREA 1
acHEAGE 35C

7 ' Od 6.00 7 ' OO
24 0.00 2100.0C 2450 F 00

-85 ~ OO -90.00 -70 ~ 00
75. 00 75 ~ OC 75. 00

888 ~ 13 682 ~ 50 1163. 75
-63 ~ 75 -67 ~ 5C -52 ~ 50

AREA BASE VALUE 1656. 67
N/0 PROJ VALUE 64' 89
PEBcENT cHANGE -60.77

-65 F 00 -65.00 -35.00
1CO ~ OO 100 ' GC 100 F 00

-1. 00 -1 ~ OC -1. 00
25,00 25 ~ CC 25,00

855, 36 733 ~ 16 1588 ~ 52
-65 ' 09 � 65 F 09 -35 ' 16

AREA BASE vaLUE 16 6 ' 67
N/ PRGJzcT vaLUE 807 ' 64
PERczN2 cHARGE 51 ~ 25

AREA 2
ACREAGE 300

7 dec 6 ' UC 7,00
2100 ~ OO 1800 ~ OG 2100 ~ 00

-85 F 00 -90 F 00 -70 F 00
75.00 75.oc 75.00

761 ~ 25 585 ~ OC 997. 50
63 ~ 75 -67 ~ 50 -52 ~ 50

AREA Bksz vaLUE 1420 ' 00
N/0 PRGJ vaLUE 552.55
PERCENT CHANGE 61 ~ 09

-65 F 00 -65.00 -35.00
100 00 100.0C 100.00

-1 ~ Od -1 ~ OO -1 ~ OO
25 ~ Oe 25 ~ Oc 25 ~ 00

733. 16 628 ~ 43 1361 ~ 59
-65 ~ 0 9 - 65 ~ C 5 -35 ~ 16

AREA BkSB VALUE 1420 ~ 00
N/ PROJECT VALUE 692 ~ 27
PERCENT CHANGZ -51 ~ 25

-1. 00
100 F 00

-1 ~ 00
25. 00

1728. 17
-1.25

-1 ~ 00
100.00

1.00
25.00

1 481 ~ 29
-1 ~ 25

-20. 00
100. Oe
-1 ~ 00
25. Oe

837. 90
-20. 20

-20 ~ 00
100,00
-1 ~ 00
25100

718. 20
- 20 ~ 20



3. 00
900 ~ 00

4. OO
1200.00

2. OO
600.00

-70. Op
75. 00

427. 50
-52, 50

-75,00
75 ~ 00

525 ' CO
-56, 25

-SC.CO
75 ~ 00

240 OC
-60. 00

4. OO
1800 ~ OO

7.00
3150 ~ 00

3. 00
1350.00

00
7» 00

1299 ' 39
-3 75

-5 ~ 00
75.00

30 31. 89
-3 ~ 75

-5. OO
75. OO

1732 ~ 50
-3. 75

5. OO
2500. 00

5 ~ OO
2500 ~ CO

-9 ~ PO

6. 00
3000.00

-B.OOPO -7, 00 -8. GO-6. 00

86

VALUE
BAS E Vhl Eg POINTS

NON PROJ ISFACT  %CHANGE!
PROB OF OCCURRENCE
BAS E VALUE N/O PROJ
PZPCENTAGZ CHANGE

PROJECT I EPACT  %CHANGE!
PROS OF OCCURRENCE
SECOND IllPihCT {%CHANGE!
PROB OF OCCURRENCE
BhSE VhLUE N/ PROJ
P ER CENTA GE CHARGE

VALUE
BASE VkL-EQ POINTS

NON PRO J IR PACT {%CHAN G K!
PROB OF OCC D ERE NCZ
BlLS E ViALU E N/0 PRO J
PERCENTAGE CHiARGE

PROJECT I@PACT {%CHANGE!
PROB OF OCC U RRE NCE
SECOR D IRP ACT  %CHANGE!
PROB OF OCCU RE ENCE
BASE VALUE N/ PROJ
PERCENTAGE CHA NGE

VALUE
BASE VAL-EQ POINTS

NON PROJ IEPACT {%CHANGE!

-65,00
10G ~ 00

1 ~ OO
25. 00

209.48
-65 F 09

� 10 OO
1CC.OO

-5. OO
2» ~ OO

1199 ~ 81
-11 ~ 13

AREk 3
ACR A AGE -OC

7. PG 6. OG 3.00
2100 ~ 00 1800. OO 900. 00

-85. GO -90' OP -70' OG
75.00 75 PC 75,00

761. 25 595.0C 427.50
-63.75 -67,5G -52.50

hREA BhSE VALUE 1300.00
N/0 PROJ VALUE 49c 75
PERCENT CHANGE -61' 56

-65.00 -65,00 -35.00
1CGe CO 100.00 100+00

-1. 00 � 1. 00 -1 ~ 00
25.00 25.0C 25.00

733 ' 16 628o43 583,54
-65.09 -65,09 -35.16

AREk BhSE VALUE 1300 ~ OO
N/ PROJECT VAI,UE 600 89
FZRCENT CHANGE -5:.78

hRZA 4
ACR!AGE 45C

9.00 9.0P 7 ~ OO
40 50 ~ 00 40 50 ~ 0 0 3 1 50 ~ OO

-6 ~ OO -10 OO -5.00
75.CO 75.OC 75.00

3867 ' 75 3746 2' 3031 98
-4.50 -7.50 -3.75

AREA BhSE VAI.UE 2820 ~ 00
N/C PROJ VhLDE 2694.00
PERCENT CHk NGE -4 ~ 47

-20 ~ 00 -20.00 -20.00
100 00 100 ~ OC 100 Op
-5 ~ OP -5.00 -5.00
25.00 25.0C 25.00

3199. 50 3199 ~ 50 2488 50
-21 ~ CO -21.0C -21,00

AREl BASE VALUE 2820 F 00
N/ PROJECT VALUE 2322.60
PERCENT CHANGE -17 ' 64

AREA 5
ACREAGE »PO

9.00 9.OC 7.00
4500 ~ OO 4500 ~ 00 3500. 00

-1. 00
100.00

-1 ~ 00
25 ~ 00

1195.03
-1 ' 25

-5 ~ 00
100e00

-5 ~ 00
25. 00

2955 09
-6 ~ 19

-20.00
100.00
-1. OO
25.00

718. 20
-20. 20

- 30 ~ 00
100.00

-5 ~ 00
25 ' 00

1244 ' 25
-30 87



75 F 00
23 31. 25

6.75

75 ~ 00
2820 ~ 00

-6 ~ 00

75.00 75 F 00 75 ~ 00 75 F 00
2406 25 4263 75 4297 ' 50 3290 ' 00

-3.75 -5.25 -II.50 -F 00
AREA BASE VALVE 3433 ' 33
I/O PROJ VALUE 3260 ' 58
PERCENT CHARGE -5 ' 03

7 ~ 00
3500 PO

9.00
4500. 00

7 ~ 00
3500 00

VALUE
BASE VAL EQ POINTS

-9 F 00
75 ~ 00

4196,25
-6 ' 75

-5.00
75 ~ 00

3368»75
3 ~ 75

-5»00
75. 00

3368 ~ 75
-3. 75

BACH MATER SU I HAS Ill
BASE VALUE  ACRE POINTS! 14897
I/O PROJECT VALUE 11718
PERCENT CHANGE -21 ~ 34
I/ PROJECT VALUE 10006
PERCENT CHANGE -32«83
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PROB OF OCCVRREICK
BASE VALUE I/O PROJ
PERCENTAGE CHARGE

PROJECT IHPACT �CHAIGE}
PROB OF OCCURRENCE
S ECON 0 IHPACT  %CHANGE!
PROB OF OCCURRENCE
BASE VALUE I/ PBOJ
PEPCEITAGE CHANGE

IOI PROJ IHPACT �CHAIGI!
PROB OF OCCURRE'ICE
BASK VALUE I/O PROJ
PERCENTAGE CHANGE

PROJECT IHPACT %CHANGE!
PI OB OF OCC U RRE ICE
SECOND IHPACT �CHAIGB!
PROB OF OCCURRENCE
BASE VALUE 4/ PHOJ
PER CEITAGE CHA IGE

-10 ~ 00
10G 00

-F 00
2c 00

2221 BB
-11 ~ 12

-10 ~ 00
10C 00

-5 ~ 00
25. 00

3999 ~ 38
-1'l ~ 12

-40. 00 -40. 0 C -40. 00
1CP F 00 100 F 00 '100 F 00

-5, 00 -5. 00 -5 ~ 00
25 ' PD 25 ' OC 25.00

2666 ~ 25 2666 25 2073 ~ 75
- 40 75 -40 ~ 75 -40 ~ 75

AREA BASE VALUE 3433 33
I/ PROJECT VALUE 2419 ' 38
PEHCEIT CHANGE -29 53

AREA 6
ACREAGE 500

9.CG 8 ~ DG F 00
4500 F 00 4000 F 00 4500 00

-5 00 -5.00 -5.00
75 F 00 75 ' PC 75 F 00

4331 25 3850 F 00 4331 ' 25
-3.75 -3.75 -3 ' 75

AHHA BASE VALUE 4266,67
I/O PHOJ VALVE 4G61.67
PERCENT CHAllGE -4.80

20 ~ 00 70 ~ 0 0 80 ~ 00
1CO F 00 1PP.DC 100.00

-5 ~ 00 -5 ~ 0 0 -5 ~ 00
25.00 25 ' PP 25 F 00

3555 ~ Pp 1'l85.00 888.75
21 EGG -70 ' 37 -80 ' 25

AREA BASE VALUE 4266»67
If/ PRO JKCT VALVE 3163 ~ 29
PERCENT CHARGE -25»86

-ADO
100 00

-5 ~ 00
25 ~ 00

2814 «38
-6 19

-20 ~ 00
100 F 00

-5 ~ 00
25, 00

2765 ~ 00
-21 F 00

-40.00
100.00
-5. 00
25.00

1481 ' 25
-40.75

40.00
100 ~ 00
-5. 00
25.00

2073.75
-40.75



FISH
APP EAR STORE CULTURE

2. GG 4.00 2. 00
1C. CQ

AREA 7
ACREAGE 6CC

10 ~ 00 3.0C 4 |!G
6CCG.CG 18OG QC 2400.00

6. OO
3600 00

8.00
4 800 ~ 003.GG

180 C OO

5 ~ OP
75. CP

1732. 5G
-3. 75

-5. 00
7'5, OO

3465. CO
-3. 75

-5.00 -5.0G -5 OO
75.CO 75 ' QC 75.00

5775. GG 'l732 ~ 50 2310 ~ 00
-3.75 -3.75 -3.75

hREA BASE VALUE 760 ~ 00
N/O PROJ VALUE 3619,00
PERCENT CHhNGE 3,75

-5.00
75» 00

4620.00
-3. 75

-20. 00 -70.00 -BQ» 00
1CG. CG 10Q.OC 100.00
-5. 00 -5.0C -5»OO
25»OG 25.GO 25.0C

4740.CO 533. 2' 474.00
-21 ~ CQ -7C ~ 37 -80 ~ 25

AREA BASE VALUE :.760.CQ
N/ PROJECT VALUE 2828 20
PERCENT CHANGE -24 ~ 78

AREA 8
ACREAGE 40C

10»OQ 3,0C 4,00
40GQ ~ CO 1200, DO 1690. 00

8. 00
3200»CO

:. OD
1200. PQ

6. 00
2400» CO

-'. QP
75. 00

1155.00
75

-5» GG -5. OG -5» OC
<5,00 75.OC 75,00

38''} CO 1155. OC 1540, 90
-3,75 -3.75 -3.75

AREA BASE VALUE 25C6 ~ 67
N/O PROJ VALUE 2412.67
PERCENT CHh NGE -3 7 5

-S.OO
75. 00

2310 ~ QG
-3 ~ 75

-5. QO
75. 00

3OEC.OO
"3.75

-10 OO -20.00 -20 ~ 00
1CG»CQ 10O.OC 100»00
-5»CO -5.OC "5.00
25»00 25 ' OC 25 F 00

3555.CQ 948 ' GC 1264.00
-11. 12 -21 ~ OC -21.00

AREA BASE VAIUE - .06.67
N/ PROJECT VALUE 2230»43
PERCENT CHANGE -11 ~ O2
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KV A LU ATION OF I A LOO BA S I R
CAF ". EP AREA SUB-BA SI N
LEVFE PROJECT

ENVIRONNENTAL FEATU>E

NEIGH<

VALUE
BASK VAL EQ POINTS

NON PRO J INP hCT  %C BAN GE!
PROB CF OCCURRENCF.
BAS F VALUE N/O PROJ
PERCENTAGE CHANGE

PFOJECT IhPACT %CHANGE!
PROB OF OCCURRENCE
S ECON D INP ACT  %CHANGE!
PROB CF OCCURRENCE
BASE VALUE N/ PROJ
PEFCENThG'E CHANGE

VALUE
BAS E VAL EQ POINTS

NON PROJ IhPACT  %CHANGE}
PRCB OF OCCURRENCE
BAS E VALUE N/0 PRO J
PER CENThGE CHA NGK

PRC JECT I NP ACT  %CHANGE}
PROB CF OCCURRENCE
SECOND INPACT  %CHANGE!
PROB OF OCCURRENCE
BASE VALUE lt/ PROJ
P ER CENTAGK CHhNGE

-1C.QG
10C ~ CO

-5.00
25.00

1599,75
� 11. 13

-1C. OQ
1CC ~ OO

-5. OO
25,CO

1066. 50
-11 ~ 13

NL Dl F FONL

10. 00 2.00

20. 00
1CG.QO

-5.00
25.00

3792 ~ CQ
-21.00

-5 ~ 00
1CQ.GQ

-5»00
25.00

3QC2.QG
-6 ~ 19

4O.OO
100»00
-5 ~ CQ
25,00

2133. OQ
-40.75

-10.00
100. 00

-5. 00
25. 00

2133. 00
-11. 12



CART ER AAPA SUP BASXH
BASE VALUE  ACRE POX ÃTS! 6267
R/C PROJECT VALUE 6032
PERCENT CSAHae -3.75
8/ PROJECT VALUE 5059
PERCENT CHARGE -19. 28
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STOR E CULTURE

2. OG

APP EAR

2. 00 4. 001C. GC

3. CO
'I 20 G. 00

8. 00
32 00+ 00

3.00
120C.GO

-5. 00
7 00

1155. QG
-3 ~ 75

5.00
75.CQ

1155,00
3 ~ 75

-5. 00
75. 00

3080.00
-3.75

3. GO
1350. GG

3. CO
1350. OO

B. OG
3600.00

CO
7". QG

1299 ~ 38
-3. 75

QG
75. 00

1299 ~ 38
-3. 75

-5.00
75.00

3465.00
-3. 75
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EVhLUATIOH CF YAZOO BASIN
RASP LAKE SUB BASIN
LEVEE PROJECT

EHVIROHIIENTAL FEATURE

HEIGHT

VALUE
BA SE VAL-EQ POX NTS

NOH PROJ II PACT  %CHANGE!
PROB CF OCCU RR ENCE
BhSE VALUE H/0 PROJ
PERCENTAGE CHANGE

PROJECT XHPACT  %CHANGE!
PROB OF OCCU RRZ NCE
SECOND XBPACT  %CHANGE!
PROB OF OCCURRENCE
BASE VALUE N/ PROJ
PERCEHTAGE CHhNGE

VhLUZ
BAS E VAL- EQ POINTS

HON PRO J I REACT  ECHAN GX!
PROB OF OCCURRENCE
BASE VhLUE U/0 PROJ
PERCENTAGE CHhNGE

PROJECT IBPACT %CHANGE!
PROB OF OCCURRENCE
S ECON D XB PACT  %CHAN GE!
PROB OF OCCURRENCE
BASE VALUE N/ PROJ
PERCENTAGE CHANGE

-10. GG
100. 00

-5.00
2'. GO

1066. 50
11 13

-'IQ ~ GO
1QC,OO

-5.00
25 ~ QO

1199. 81
-11, 13

NLDX'F FOWL

10 ' OG 2.00

AREA 9
ACREAGE 4CC

3.00 3.00 4100
12CG. 00 1200.GC 1600. 00

-5.00 -5.00 -5.00
75.00 75.0C 75.00

1155. 00 1155. 00 1540. 00
-3.75 -3.7~ -3.75

hREA BASE VALUE 1493 ' 33
If/O PROJ VALUE 1437.33
PZRCFHT CHANGE -3. 75

-10, CG -20 ~ 00 -20 a 00
'I CO CO 100 ~ 0 C 100. 00
-5. QG -5. GG -5. OC
25.00 25.00 25.00

1066 . 50 948. QC 1264 . GO
-11 13 -21. CC -21 .QG

AREA BhSE VhLUE 14'93 ~ 33
If/ PROJECT VAI UE 1329 83
PENCE H'I CHA HGE 10. 9 5

AREA 10
ACRE AGE 45 C

3.00 3,00 4.00
1350. GO 1350. QQ 1800 ~ 00

-5. GU -5. 00 -5. 00
75,00 75.QC 75.00

1299 ' 38 1299.38 1732.50
-3.75 -3.75 -3.75

AREA BASE VALUE 1680 00
N/C PROJ VALUE 1617.00
PERCENT CHANGE -3. 75

-10. 00 -20. 00 -20 ~ OG
100. 00 100.00 100.00

-5. QO -5.00 -5. QG
25.GG 25 ' DD 25 ' QG

1199 ~ 81 1066. 5D 1422' 00
-11. 13 -21 ~ GC -21 ~ 00

AREA 8hSE VALUE 1680. 00
If/ PROJECT VALUE 1496 ~ 06
PERCENT CHANGE -1G ~ 95

-5, QQ
100 F 00

-5.00
25.00

30 C2 ~ QO
-6 ~ 19

-5. GG
1CO ~ OO

-5 ~ 00
25. GG

3377 ~ 25
-6.19

-10. QG
100. 00
-5. QQ
25.00

1066. 50
-11. 13

10. QG
100. 00
-5+ 00
25IOG

1199 ~ 81
-11. 13



% ESP L lKE SU S ElS ZS
ElSE VlLUE  kCBE POISE S!
S/0 PROJECT VlLUE 3054
PEBCEET CHlEGE -3~75
R/ PROJECT VlLDE 2826
PESCEET CRENGE -1C ~ 95

3173
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CULTURE

2,00

STOR EWLDLF FOIL

10, 00 2 ~ OQ

APPEARF358

4.001C, 00 2e00

8.00
4 000.00

B.CO
40QQ.QQ

3 ~ OO
1500 ~ OO

-5.GO
7'.00

1443. 75
-3 75

-5.00
75 ~ OQ

3850 ~ 00
-3.75

-5,00
75. 00

38 O.QO
-3. 75

SHAKE CREEK SUB-BASIN
BASE VALUE  ACHE PCI ITS! 3300
I/O PRC JZCT VhLUE 3176
PERCENT CHANGE -3.75
I/ PROJECT VALUE 2966
PERCENT CHANGE -1 C. 1 3

YAZOO BASIN
BASE VALUE ACHE PCIITS! 27637
I/O PROJECT VALUE 23981
P'ERCEHT CHANGE 'f 3 ~ 23
V/ PROJECT VALUE 20856
EZHCZHT CHANGE 24 53
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EVALUhTION CF YAZOO BhSIH
SHAKE CREEK SUB-BASIN
LEVEE PROJECT

EHVIROHIEIThL FEATUFE

WEIGHT

VALUE
BASE VAL-ZQ POINTS

NON PROJ IBPACT  %CHANGE!
PROB OF OCCURRENCE
BASE VALUE I/O PHOJ
PERCENTAGE CHANGE

PROJZCT IHPACT  %CHANGE!
PROB OF OCCURRENCE
SECOH D IIPACT  %CHANGE!
PROB OF QCCUHRZICZ
BAS Z VALUE I/ PHOJ
PERCENTAGE CHANGE

-1C.OQ
1CC. 00

-5 ~ 00
25. QO

1333. 13
- ll. 13

AREh 11
ACREAGE 5CG

1Q.CO 5.00 5.00
5OQO+CO 2500.0G 2500eQO

-5.00 -5,00 -5.00
75 00 75,QC 75 F 00

48 12. 50 2406 ~ 25 2406. 25
-3.75 -3.75 -3e75

AREl BhSE VALUE 3300 F 00
I/O PHOJ VALUE 3176 ' 25
PZHCZHT CHANGE 3,75

-10.00 -20,00 -20.00
l�. CO 100 ' QC 100.00
-5.CQ -5,00 -5.00
25 F 00 25.00 25,00

4443. 75 1975.00 1975 ~ 00
11. 13 21 i QC -21,00

APEA BASE VAIUE 3 QO 00
I/ PROJECT VALUE 2965,79
PERCENT CHANGE -10. 13

-5,00
100eQQ

-5 F 00
25.00

3752.50
-6 ' 19

5. QQ
100. QQ
-5,00

QQ
4147. 50

3. 69



APPENDIX B

PRINTOUTS � NEUSE RIVER ESTUARY
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METLAZD XVALUATICH STSTEH  MES!

TZCHRICAL ANALYSTS: EXAHPLE GELT-ARABS  USHC! AIKZHS  USPMS!,HhMLET  UHC!

PURLIC HEPRZSEITATX VES EXAHPLE ORLY-OSHC-HAS STAFF, CHAVEZ C'TT CCIHXSSIGHZRS

444444444444441444444O++44O444
HO'I X.

CUHULATIVE E VFECT HAS
HOT

BZEH TAKEN INTO ACCOUHT
IH TH1$ RUH

441 444444eae4eOi sae444eet4eet e
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EVALUATION OK REUSE RIVIB ESTUARY
CHZPRY POINT SUB-ESTUARY
AHHG STORAGE ZXTKNSION-KLAN A

APPEAR

4.00

Kb DhNG lISH

10 ~ 00 10. 00

UNIQUE

2. 002.002.00

6.00
3840.00

6. 00
5120. GO

6 ~ 00
3840 Ce

-15. 00
20. 00

5273.60
-3 ~ OO

-10. oo
20 ~ 00

39 16 ~ 80
-2.00

-15 F 00
20 F 00

3955' 20
-3. 00

7. Oo
560C ~ 00

6. 00
6400' CO

6. 00
4 BCO.OG

-15 ~ 00
2C. 00

5768 ~ 00
-3 00

- 10.00
20. 00

4896.0n
-2 ~ OO

- 15.00
20.00

6592
-3.50

96

ENVIBONEENTAI FEhTUBE

NEIGHT

VibLUE
BASE VAL ZQ POINTS

NON PROJ IBP ACT  %CHANGE!
P FOB GF OCCURRENCE
BASE VALUE N/0 PROJ
PERCENTAGE CHhNGE

PROJECT IHPACT  '%CHANGE!
PROP OF OCCURRENCE
SECOND IEPhCT  %CHANGE!
PROB CF OCCURRENCE
BASE VhLUZ N/ PROJ
PERCENTAGE CHANGE

VALUE
BASE VAL EQ POINTS

NON PBOJ IH P ACT  %CHAN G K!
PBGB OF OCCURRENCE
BASE VALUE N/0 PBOJ
PZBCENTAGE CHANGE

PROJECT IRPACT  %CHANGE!
PROP OF OCCUAA ENCE
SECOND IHPhCT  %CHANGE!
PRCB OF OCCURRENCE
BASE VALUE M/ PBOJ
PERCENTAGE CHANGE

-83.00
100 00

1G,OO
30.00

7238.02
-66+49

-89 00
1ec.oo
-10 ~ 00

30 00
10901. 52

� 94 ~ 67

ARKA 1
ACBKAGK 640

9.00 7.oe 5,00
5760 ~ 00 4480.0C 3200 00

-15 GO -15.00 -15.00
20 ~ 00 20. 00 20 00

5932.80 4614.40 3296.00
-3 OG -3.OC -3 00

ARZA BASE VhLUE 4565. 33
N/0 PBCJ VALUE 4433+49
PZBCZNT CHANGK -2.89

-67 On -82 ~ 00 -90 o 00
100 ~ 00 100 ~ 00 100 ~ 00
-1o. GO -10.OC -1O.OO

30. 00 30. OO 30 ~ 00
9907. 78 8398 ~ 21 6262 ~ 40

-72.C1 -87.46 -95.70
AAZA BASE VALUE 4565. 3
N/ PRO JKCT VALUE 820 ~ 79
PERCENT CHibNGK -82.02

AREA 2
ACAKAGK KOC

8.00 7.00 5.00
6400 ' co 5600.00 4000.00

� 15m 00 -15 00 -15.00
20. Ce 20.OC 20.00

6592, to 5768, 00 4120. 00
-3.00 -3.00 -F 00

AREA HASE VALUE �C6 67
R/0 PBCJ VALUE 5541 87
PEBCZNT CHANGE -2.89

-80 F 00 -82.00 -82.00
1co.oo 100.ec 100 F 00
-10 ~ 00 -10.0C -10.00

30. Cn 30.00 30. 00
11865.60 10497 76 7498 ~ 40

-85. 40 -87.46 -87 46
AREA BhSE VALUE 57C6.67
B/ PROJECT VALUE 827.13
PEBCENT CHANGE -85 ' 51

-BO.On
100 ~ 00
- 10.00

3e.oe
7 119 36

-85.40

- 44.00
100.00
- 10.00

30.00
7119,36

-48. 32

-90. CO
10O.CO
-1c. Gn

3e.co
10019.84

-95.70

-93.00
100 F 00
-10. CO

30 00
12722.56

-98.79



5 ~ 00
90IIO. 00

5 ~ 00
5GCG.OG

7,00
700GIOO

-15. 00
20. 00

7210 ~ 00
-3 ~ CO

-10.00
20.00

51CG.DG
-F 00

-15. 00
20.00

9270. OO
-3e OO

7 ~ DO
5600 ~ 00

6 ~ 00
48GG.DG

6. 00
6400 e OG

-15 ~ 00
20 CG

5768 ~ 00
-3. 00

-10 00
20 F 00

4896 ~ GO
-2 ' DD

- 15.00
20 ' 00

6592.00
-3.OG

-45. DG
fGD ~ 00
-10 ~ GD

30.00
7168.80

-49. 35

CHERRY POINT SOB-ZSTUABT
BASE VhIUE f ACRE PCIRTS! 22179

97

VALOR
BASE VAL-EQ POINTS

NON PBOJ IHPhCT  %CHANGE!
PROB OF OCCURRENCE
BASE VAI.UE If' PROJ
PBRCENTAGB CHANGE

PROJECT IHPACT %CHANGE!
PROB OF OCCURRENCE
S ECON D IHP ACT  %CHANGE!
PROB OF OCCURRENCE
BhSE IfhLUE B/ PROJ
P ZF CE ETAGE CHh HGE

VALUE
BASE VAL~EQ POINTS

NON PROJ IHPACT  %CHANGE!
PROB OF OCCURRENCE
BASE VALUE 1/0 PRO J
PER CENTLGE CHANGE

PROJECT IHPACT %CHANGE!
PRO B OF OCC ORR ENCB
SECOND IHPLCT  %CHANGE!
PROB OF OCCOBRBNCE
BASE VAI,UB R/ PROJ
PERCENTAGE CHANGE

-87.00
1DC.DO
-10. 00

30 ~ 00
13482 ~ 70

-92.61

-45. 00
100 00
-10 ~ 00

30 ~ 00
8363 ~ 60

49 35

AREA 3
ACREAGE 1000

6.00 5.00 4.00
6000.00 5000 ' OO 4000.00

-15 ~ 00 -15 ~ 00 -15.00
20 F 00 20.0O 20 ~ 00

6180 ~GO 5150 ~ DC 4120 ~ 00
-3.0G -3.00 -F 00

AREA BASE VAIVE 62CGiOG
B/0 PROJ VAIOE 6020 ' 67
PERCENT CHA NGE -2 ~ 89

-83 ~ 00 -81.00 -83 ~ 00
1 CO ~ OO 100 ~ DO 100 ~ 00
- 10 ~ 00 -10.0C -1G ~ DD

30. OG 3G. OG 30 ~ 00
11309 ~ 40 9321 ~ 50 7539 ~ 60

-ee ~ 49 -86 43 -88 49
AREA BASE VALUE 62CD.GO
Nf PRO JECT VALOR 692 ~ 33
PRRCBNT CHANGE -88.83

AREA 4
ACR KLGE 6GC

8 ~ 00 70C 5i00
64GG ~ GG 5600. 00 4GGO ~ 00

-15 ~ 00 -15.0C -15 ~ DO
20 ~ GO 20.GC 2G.DO

6592 ~ 00 5768 OC 4120 00
-3.00 -3.00 -3.00

AREA BASE VALVE 5706. 67
N/0 PBOJ VALUE 5 41 87
PERCENT CHhNGE 2 ' 89

65, 00 -35. 00 -47' 00
100 ~ OG 10G ~ GG 100 ~ 00
-10,00 -10.00 -10,00

30.00 30 ' 00 30.00
10876.80 7786 F 80 6056.40

-69. 95 39. G 5 -51 ~ 41
AREk BASE VAI.UB 5706 67
N/ PROJECT VALUE 2541 05
PBBCENT CHANGE -55.47

-65 ~ DD
1GO.DG
-10.00

30 ~ 00
8457 0

-69 ' 95

-92.00
100.00
-10. 00

30 EGG
17798 ~ 40

-97 ' 76

32. 00
100. 00
-10.00

30 ~ 00
8701, 44

35 ' 96



1/0 PROJECT VALUE 21538
PERCEHT CRINGE 2,89
V/ PROJECT VlLUE 4881
PEBCEHT CHEHGE -77. 99

98



EVALUATION OF NZUSE RIVER ESTUARY
CLUBFOOT hR Eh SUB ESTUAR I
AccERS PCAD-PLAN A

UN IQUZ APPEAP, V:LDLF

2.00 4,00 2.OO

EEDANG

1C. OO

EISR FONL

2.0Q10, GO

7.00
665C. OG

7.00
76QO,CQ

7,00
6650. 00

-10. 00
20 ~ 00

6 783.00
-2. QO

-15. 00
2C.CO

6849. 50
-3. OO

-15.00
2G.OG

7828.00
-3.CQ

6. 00
66OO. Oo

4.0G
44CO.OO

4.CQ
8800. 00

-15. 00
2C ~ 00

6798. 00
-3.00

� 10.00
2C.OO

4488.00
-2 ~ 00

-15. CP
2O. GQ

9064.00
-3. OO

ENVIRONEENTAL FEATURE

MEIGHT

VALU
BASE VAL ZQ POIN'IS

NON PROJ IHPACT  %CHANGE!
PROB OF OCCUBREHCZ
BAS E VhL UE li/0 PRO J
PER CENTAGE CHANGE

PEC JECT IHP ACT  %CHANGE!
PROB OF OCCURRENCE
SECOND IHPhCT  %CHANGE!
PROB OF OCCURRENCE
BhSZ VhLUE N/ PROJ
PERCENTAGE CHANGE

vaI,UE
BhSE VAL-EQ POINTS

NON PRO J I HP ACT  %CHANGE!
PROB OF OCCURRENCE
BhSE VhLUZ If/0 PROJ
PERCENThGE CHANGE

PROJECT IIIPACT  %CHANGE!
PROB OF OCCUREEHCE
szcON D IHPacT  HcliAHGE!
PROB OF OCCURR ENCE
BaSE vhLUE w/ PROJ
PERCEHThGZ CHANGE

-10 ~ 00
1CC. CO
-1C.OO

3C. 00
7534.45

-13. 30

-40 ~ 00
1OC ~ 00
-10.00

30 ~ 00
9517 ~ 20

-44. 20

ABKA
ACREAGE 95C

8.00 6.00 5.00
76CO.OO 570O.QC 4750 ~ OQ

-15 ~ Dp -15.0C -15.00
20 . C O 20 . 0 C 20 ~ 00

7828.00 5871.0C 4892 ' 5O
-3,CQ � 3 OC -3 OO

aREA BasE vhLUE 6840 AC."
if/C PRCJ VALUE 6643 ' 67
PERCENT CHANGE -2.87

-4P ~ CQ -40 ' DC -40 F 00
1CO.CG 100.0C 100.00
-10.00 -10.0C -10 ~ 00

30.00 30.00 30.00
10959 ' 20 8219 ' 40 6849 ' 50

-44.20 -44.2C -44.20
aREa Basz VALUE 6840.CQ
H/ PROJECT VALUE 4977.87
PERCENT CHARGE -27,22

AFEh 6
ACREAGE 11OC

5 ' CO 5.OC 4.00
55GP QQ 5500 DC 44PP QP

-15.CC -15.00 -15 ~ 00
2P ~ Cp 20 ' CC 20 ~ Qo

5665.00 5665.00 4532 ~ OO
-3.00 -3,PC -3.00

AREA BASE VALUE 5966.67
H/C PROJ V hLUE 5696 ~ 53
PERCENT CHANGE -2 ' 90

-40,00 -7G.QO -90 F 00
1CO.GO 100.00 100,00
-10,GO -10.00 -10 ~ Op

30 ~ Co 30.OC 30 ~ 00
7931.00 9630 ~ 5C 8157. 60

-44. 20 -75. 1C -85. 40
AREA BASE VALUE 5866 ~ 67
H/ PRO JECT VALUE 3 160.30
PZBCZIIT CHhNGX -46. 13

99

-5.00
1CQ.OO
-1C.OD

3C.OG
7191,97

8. 15

-20.00
1CC.QO
� 10 ~ Op

30. OP
5438. 40

-23.60

1C. GQ
100. 00
-1C. OO

3C.CC
861C. 80

-13. 30

-4O.CQ
100. CD
-10.00

30, GO
12689.60

-44,20



8.00
3600 F 00

3. 00
1800. 00

8 ' GD
4 800.00

-15.00
20. 00

3708<00
-3i00

-15.00
20 ~ 00

1854 ~ 00
-F 00

10,00
20 ' 00

4 896,00
-2 ~ DD

8. GD
2400. GD

3. 00
1200 ~ 00

B. GO
3200 ~ 00

-15. 00
20. 00

1236I 00
-3. DG

- 10.GD
20.00

3264.CD
-2. 00

-15. CO
20100

2472. 00
-3, GO

CIUBFOCT AREA SUB-ESTUARY
BASK VhLUE ACRE PCISTS! 18973

LOG

VALUE
ehs E vAL EQ POINTS

NGS PRGJ IHPACT  %CHANGE!
PROB OF OCCURRENCE
BASE VALUE N/G PROJ
PERCENTAGE CHANGE

PROJECT ISP ACT  %CHANGE!
PROB OF OCC URBE SCE
SECOR D IHP ACT  %CHANGE!
PROB OF OCCURRENCE
BASE VhLUE N/ PRGJ
PERCENTAGE CHhSGE

VALUZ
BASE VAL-Zg POINTS

SOS PROJ IHPACT  %CHANGE!
PROB OF OCCURRENCE
BASE VhLUE N/0 PRGJ
PERCENTAGE CHANGE

PROJECT IHPACT  %CHANGE!
PROB GF OCCURRENCE
SECOND IHPACT  %CHANGE!
PROB OF OCCURRENCE
BASE VALSE N/ PROJ
PERCENThGE CHANGE

-BO.OD
1GC F 00
-10. 00

3G. 00
3337. 20

85 4G

-3C. 00
100 ~ 00
-10. 00

30 ~ 00
16CE. 80

33.90

AREA 7
ACREAGE EGG

10.00 3.0C 4.00
6000 ' 00 1800 F 00 2400+00

-15 00 -15.00 -15,00
20 F 00 20 ' OC 20.00

6180 . GG 1854. OC 2472. 00
-3,00 -3 ~ DC -3.00

AREA BASE VlLUE 3760 ' 00
N/O PROJ VALUE 3653.60
PERCENT CHANGE -2 ' 83

-50. 00 -70.00 -80.00
100~00 100.0C 100 ~ 00

10. 00 -10 ~ DG -10.00
30. CO 30 ~ 00 30 ~ 00

927G.GD 3151 ~ 80 4449 60
-54. 50 -75 ~ 1C -85.40

AREA BASE VALUE 3760 ~ 00
N/ PROJECT VALUE 1673 ~ 72
PERCENT CHANGE ~55 ~ 49

AREA 8
ACREAGE 4GC

10. DD 3,00 4. 00
4000. OG 1200 ~ GG 1600 ~ 00

-15.00 -15.00 -15 ~ 00
2G.CO 20 ' OC 20 ~ 00

4120 ~ 00 1236 ~ OO 1648.00
-3,00 -3.00 -3,00

AREA BASE VALUE 2506 ' 67
W/C PRCJ VAIUE 2435,73
PERCENT CHANGE 2 83

20. DO -20. GC -20. 00
100 ~ 00 100 ~ 0 C 100 00
-10 ~ GG -10 ~ 00 -10.00

30 ~ GO 30. OO 30 ~ OG
4944. GG 1483 ~ 2C 1977.60

-23. 60 23 ~ 6C -23 ~ 60
AREA BASE vlLOE 2506. 67
'N/ PROJECT VALUE 1956 ~ 29
PERCENT CHhSGE -21.96

-20 ~ 00
100.00

1G ~ 00
'0.00

5932. 80
-23,60

-5,00
1CO.GO
-10 ~ 00

30. 00
3460. 80

-8.15

-40. 00
100. 00

10. 00
30 F 00

51 91 ~ 20
-44. 20

-10. 00
1CO. 00
-10 ~ 00

30 ~ 00
27 19 ~ 20

-13. 30



8/0 PROJECT VALVE 18430
PERCZST CaaiGE -2.87
8/ PROJECT VlLUE 11768
PERCEHT CHRNGE 37m 98



EVALUATION OP REUSE RIVER ESTUARY
BACK AR EA S UH ESTUAR Y
INCREhSED PISHIHG ACTIVITY

APPEAR

4. 00

MILDLP

2 ~ GO

UHIQUBPO'NLENDAHG

10 ~ 00

VIS R

2 ~ 00 2.0010~00

8. 00
1200.0G

8 F 00
3200 GO

3. 00
12QC. 00

� 10. OG
20 ~ QQ

3 264. 00
-2 ~ 00

-15. Qo
20. GO

1236, 00
-3. 00

-15. 00
20.00

1236. OC
-3. 00

3. GQ
1350. 00

8. 00
36CC ~ QG

8. OO
1350. 00

-i5.OQ
2Q. OQ

1390 ~ 50
3,00

-15.no
20. 00

1390 ~ 50
-3. OQ

10,00
20.00

36 i2.00
-2 ~ OG

102

E'HVIROHllEHThL PEATURE

HEIGHT

VhLUE
BASP. VAL EQ POINTS

HON P RO J IBP ACT  %CHANGE!
PROB OF OCCURRENCE
BASE VALUE H/0 PROJ
PERCEHThGE CHANGE

PROJECT IRPACT  %CHANGE!
PROB OF OCCURREHCE
SECOND IRPACX  %CHANGE!
PROB CF OCCURRENCE
BASE VALUE H/ PROJ
PER CENT AGE CHANGE

VALUE
BhSE VAL EQ POINTS

HON PROJ IBPhCT  %CHANGE!
PROB OF OCCURRENCE
BhSE VALUE N/0 PROJ
PERCENTAGE CHANGE

PPOJECT ZHPACT  %CHANGE!
PROB OF OCCURRENCE
S ECON D IRP ACT  %CBAHGE!
PROB OF OCCURRENCE
BASE VALUE 4/ PROJ
PERCENTAGE CHhNGE

-10. 00
'loo+ 00
-io ~ 00

30. 00
1 359 ~ 60

-13. 30

"10. 00
1CC. 00
-10. 00

30. 00
1529 ~ 55

-13 ~ 30

AREA 9
ACREAGE 4CO

3.QQ 3.00 4IOO
1200.QQ 1200.QC 1600,00

-15 ~ QO -15. Qo -15. 00
20,00 20.QC 20.00

1236, 00 1236. Oo 1648.00
-3.00 -3.00 -3.00

AREA BASE VALUE 1493.33
N/0 PROJ VAI,UE 1452.8G
PERCENT CHhHGE -2.71

-10.00 -20 F 00 -20,00
100,00 100.0C 100,00
-10 ~ QQ -10,0C 10.0G

30. 00 30. Oo 30m QQ
1359. 60 1483. 20 1977. 60

-13. 30 -23.6C -23.60
AREA BASE VALUE 1493. 33
N/ PROJECT VAI,UE 1297.47
PERCENT CHARGE 13. 12

ARZh 10
ACREAGE 450

3.00 3.00 4.00
1350 ~ Oo 1350.00 1800 ~ Qa

-15 ~ GQ -15.00 -15. QQ
20.CO 2G,QC 20 F 00

1390, 50 1390 ~ 5C 1854, QO
-3.00 -3.0O -3.00

A'REA BASE VALUE 1680+00
H/C PROJ VhLUE 1634 ' 40
PERCENT CHhHGE -2.71

-10. GO -20' OQ -20 ~ 00
ioo.ao ioo.oG ioo.oo

10 ~ QO -10 ~ QQ -10 ~ 00
30.GO 30.00 30 ~ QQ

1529. 55 1668 ' 60 2224 F 80
-13 ~ 30 -23.6C -23 ~ 60

AREA BASE VALUE i680.00
N/ PRO JECT VALUE 1459.65
PERCENT CHANGE -13. 12

-5. 00
100,00
-1C.QQ

3Q ~ QQ
3460 ~ 80

-8 ~ 15

5,00
1QG,OQ
-1O.QG

30.00
3893 ' 40

-8, 15

-10 ~ QQ
iao. 00
-10. 00

3O.QO
1359. 6G

� 13. 3O

-io ~ GQ
100 ~ 00
-10, 00

3O.QO
1529. 55

-13. 30



8.00
4000.00

8.00
«000.00

3 ~ 00
1500 00

- 10.00
20.00

«0EG.OQ
-2 ~ 00

15.CQ
20 F 00

4120.00
-3. GG

-15 ~ 00
20 00

1545 ~ GO
-3 ~ 00

6473

REUSE RIVER ESTUARY
BASE VALUE[ACRE POINTS! 47625
V/0 PROJECT VALUE 46261
PERCENT CHANGE -2 ~ 86
N/ PROJECT VALUE 22292
PERCENT CHANGE -53 ~ 19

L03

vaLUE
BASE VAL-EQ POINTS

NON PROJ IHPkCT  %CHANGE!
PROB OF OCCURRENCE
BAS E VAI UE V/O PRO J
PERCENTAGE CHANGE

PROJECT IHPACT  %CHANGE!
PROB OF OCCURRENCE
SECOND IHPkCT {%CHANGE!
PROB OF OCCURRENCE
BASE VALVE V/ PROJ
PERCENTAGE CHANGE

-1C ~ 00
1CC F 00
-10.00

30 ~ 00
1699 ~ 50

-13 ~ 30

aHEA 11
ACR EAGE 500

10 ~ 00 5.00 5 00
5000 ~ 00 2500 ~ OC 2500 ~ 00

-15 ~ 00 -15 ~ 00 - 55.00
20.00 2G ~ Gc 20.00

5150 ~ 00 2575 ~ QC 2575 ~ 00
-F 00 -3.00 -3.00

AREA BASE VAI,UE 3300.00
N/O PROJ VAIVE 3206 ' 33
PERCENT CHA NGE 2 ~ 84

-10 ~ 00 -10 ~ 00 -20.00
100 ~ 00 1 GQ ~ 00 100 ~ 00
-10 ~ 00 -10 ~ QQ -10 ~ 00

30 F 00 30 ' OQ 3G F 00
5665e00 2832 ' 50 3090 F 00

-13. 30 -13 ~ 3C -23 .60
AREA BksE vkIUE 3300. GG
N/ PRO JECT VALVE 2885 13
PERCENT CHA NGE -12. 57

Bacm aREa sve-ESTUARY
BasE VALUEtaCRE PCINTs!
V/C PRCJECT VAI,UX 6294
PERCENT CHANGE -2.18
H/ PROJECT VALUE 5642
P ERCENT cHANGE -12. 84

-F 00
100 F 00
-10 ~ 00

30 ~ 00
4326s00

-8 I 15

-5 ~ 00
100. 00

10 ~ 00
30.00

4326.00
-8 ~ 15



MBTLkND BVkLUkTICM SXSTBH  MBS!

TBCHRlchI, AMkITSTS: BxkMPIZ ORCUS-kakRS  USMC!,kIKBMS  DSPMS! .HhM?BX DRC!

PUEIIC REPRESERThTIVES: BIkHPLB OMLT USMC-RhS SThPP, CBbVZM CTT COREISSIOMEAS
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EVALU ATION OF REUSE RIVER ESTUARY
CHERRY POIN'I SUB-ESTUARY
AHBA STORAGE EXTENSION-PilN S

PVDANG FISH

10 ~ OO 10 F 00

U'NIQUE

2.00

APP EhRFOHL

4.00 2.0O2 00

6. OO
3840 ~ OO

6 OO
3840.00

6 ~ DO
51 20 ~ 00

-15 ~ 00
20 00

3955.20
-3. 00

10 ~ Ob
20. 00

3916,80
-F 00

15.00
20 00

5273.60
-3.00

7 ~ 00
5600 F 00

6. OO
4 800 ~ 00

6 ~ OO
6400 ~ OO

-15 ~ 00
20 ~ 00

6592. 00
-3 ~ 00

-15 ~ 00
20 ~ 00

5768.00
F 00

-10.00
20 00

4 896.00
-2eOO

ERVIRONNERTAL FEATURE

HEIGHT

VALUE
BASE VAL-EQ POINTS

NON PROJ IHPACT  %CHANGE!
PROB OF OCCURRENCE
BASE VALUE R/0 PROJ
PERCENThGE CHANGE

PROJECT IHPlCT %CHANGE!
PROB OF OCCURRENCE
S BCO N D I 8 P A CT  %C HANG B !
P ROB OF OCCU RR ZNC E
BASB VAI,UE M/ PHOJ
PERCENTAGE CHANGE

VALUE
BASE VAL EQ POINTS

NON PROJ INPACT  %CHANGE!
PROB OF OCCURRENCE
BASE VhI.UE N/0 PROJ
PERCENTAGE CHANGE

PROJBCT IHPACT %CHANGE!
PROB OF OCCURRENCE
SECOND IHPACT %CHANGE!
PFOB OF OCCURRENCE
BhSE VhLUE N/ PHOJ
PEECENTAGE CHANGE

-65 ~ Od
1OC. OO

10 ~ 00
30 ~ 00

6526. 08
-65 ~ 95

65 Ob
100 F 00
-10 ~ 00

30 ~ Od
9517 ~ 20

-69 ~ 95

hHRA 1
ACR RAGE 64d

9 ~ 00 7 ~ Od 5 ~ 00
5760. db 4480 ~ OO 3200 ~ 00

15 ~ 00 -15 OO 15 ~ 00
20. OO 20 ~ OO 20 ~ 00

5932 ~ 80 4614 ~ 40 3296 ~ 00
-3 CO -3.0C -3.00

lREA 8 AS E V AI UK 4565 ~ 33
N/0 PROJ VALUE 4433 ' 49
PERCENT CHANGE -2.89

-65.00 -45 ' OC -70 F 00
100.00 100.0C 100.00
-10 CO -10.0d -10 ~ 00

30.00 30 ' Od 30.00
9789 12 6690 ' 88 5603.20

-69 ' 95 -49 ' 35 -75,10
ARE& BASE VALUE 4565 ' 33
N/ PROJECT VALUE 1659.73
PERCBNT CHANGE -63 ' 64

AREA 2
ACREAGE Hdd

B.OO 7.0C 5.00
6400 ' db 5600 ' OO 4000.00

15 ~ 00 - 15 OC 15 ~ DO
20 ~ 00 20 0 d 20 ~ 00

6592' 00 5768 i 00 4120 00
-3.00 -3.0d -3.00

AREA BABB VAI,UE 5706.67
H/C PRCJ VAI,UE 5541. 87
PBRCENT CHlNGE -2 ~ 89

-65 F 00 -45 ~ Od -73 F 00
1OO,OO 100 ~ Od 100 F 00

10.00 -'lb.0O 10 F 00
30.00 30 OC 30 F 00

10876 ~ 80 8363 6C 7127.60
-69 ~ 95 -49. 3 5 -78 ~ 1 9

lREA BASE VALUE 5706 ~ 67
N/ PROJECT VALUE 1910 ' 42
PERCENT CHARGE 66 ' 52

10$

-30.00
100 ~ OO
- 10 ~ 00

30.00
51 41 ~ 76

-33e90

-45 ~ 00
1 OO ~ 00
-10 00

30 ~ 00
71 68 ~ 80

-49.35

-50.00
100.00

10 F 00
30 ~ OD

79 10 ~ 40
-54.50

-63.00
100 ~ OO
-10 00

30 F 00
10744 ' 96

67 ' 89



5. 00
9OCO,OO

5.00
5CCC.OC

7. 00
70QC.CC

- 10.00
20.00

51 00 ~ OQ
-2.00

-15 ~ 00
20. OG

9270.00
-3. GQ

-15.0C
20. GG

721C. GC
-3. OC

7. OG
56OC.OC

6.00
4 800 ~ 00

6. 00
6400.00

-15.00
20 ~ OC

5768. OC
-3 ' CC

-1C.OO
20 I OG

4896 ~ CG
-2.00

-1~.00
20.00

6592.CQ
"3. OC'

CHERRY POINT SUB~ ESTUARY
BASE VALUE  ACRE PCINT'S! 22179
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VALUE
BASE VAI-ZG POINTS

NON PRC J IBPACT  '%CHANGE!
PROB OF OCCURRENCE
BASE VALUE 4/O PROJ
PERCENTAGE CHANGE

PROJECT IHPACT %CHANGE!
PROB OF OCCURRENCE
S ECQHD IHP ACT  %CHANGE!
PROB OF OCCURRENCE
BASE VALUE N/ PRQJ
P ER CENTAGZ CHANGE

VALUE
BASE VAL EQ POINTS

HQN PROJ IZPACT  %CHAHGE!
PBCB OF OCCURRENCE
BASE VAI UZ N/0 PRQJ
PERCENTAGE CHANGE

PROJECT IBPACT %CHANGE!
PRCB OF OCCURRENCE
SECOND IHPACT  %CHANGE!
PROB OP OCCUBR KHCE
BAS Z VALUE R/ PROJ
PEPCEHTAGE CRANGZ

-69. 00
1GC CC
-1C ~ OO

3C. OQ
1 2184 ~ 9C

-74.07

-45 ~ GC
10C. QO
-1G. CQ

30. CQ
8363. 60

-49.35

AREA 3
ACREAGI 1CQC

6.GO 5 00 EGG
6000 ' 00 5COG,QC 4COO ~ GC

-15.00 -15 OO -15.00
20 GO 2C ~ GC 20 ~ QC

6183. C'0 515C GO 4120 00
3.CQ -3.GC -3.00

AREA BASE VALUE 62CQ.CQ
N/C PBCJ VALVE 6C2C ~ 67
PERCENT CHANGE -2.89

-67. CO -52. QC -70 ~ 00
1CO ~ 00 100+OC 100 ~ GQ
-10. CO -10.0C -10. GO

30. CQ 30 ~ OC 30 ~ OG
10 32C ~ 60 78 28 ~ 00 7 004 ~ QG

-72 01 -56 56 -75 10
AREA BASE VAIUE 62CQ. CG
N/ PRO JECT VALVE 2154 ~ 93
EEBCEH'L CHANGE 6 , 24

AREA
ACREAGE 80C

8.CG 7.OC 5.00
64CO,CG 56OC.OO 4000 F 00

-15.00 -15,00 -15.OC
20.00 2C.CC 20.00

6592m CG 5768eOG 4120 ~ OG
-3.GC -3.OC -3.00

AREA BASE VALUE 7C6. 67
M/0 PRCJ VAIV E 5541+87
PERCENT CHANGE 2.89

-47. 00 -65.00 72. QO
1CG. CO 1OC.GC 100.00

1Q,GQ -1C I OC -10 oQG
30.00 3O.GC 3Q.OO

9690. 24 9517 ~ 20 7086 ~ 40
69. 95 -77. 16

AREA BASE VALUE 7C6.67
N/ PROJECT VAI.UE 2739.36
EERCEN'5 CHANGE 52,00

25 ~ 00
100.00
-10 GQ

30,00
6437. 50

-28,75

-35. QO
1CG F 00
-1C.QO

3C.GQ
6614 ~ 40

-39 ~ C5

-45. CG
100. QG
-10.00

3G.OC
13441. 50

49. 35

0 ~ QC
10' 00
-1C. 00

30,00
9888.00

-54.50



W/C PROJECT VALUE 21538
PBRCEHT CHARGE -2,89
li/ PRO JECT VALUE 8464
PERCENT CHARGE -6 le 84



EVALUATION OF NKUSE Rl VER ESTUARY
CLUBFOOT AREh SUB-ESTUAE Y
ACCESS ROAD PLAN 8

APPZAB RXLDLFUNIQUE

2. 00

EOWLFISHENDANG

10. OO 2.004.0010 ~ 00 2,00

7 ~ 00
6650.00

7. 00
7600 ' OO

7 ~ 00
665C.O C

-15 ~ 00
20. 00

6849 ' 50
-3. OO

15.00
20.00

7828.00
-3.00

-10 e00
20. 00

6783.00
-2.00

6 ~ 00
660C F 00

4.00
44CO F 00

4.CO
8800,00

10 ~ 00
20.00

44 EE ~ 00
-2.00

-15 ~ OO
20.00

9064.00
-3 ~ 00

-15 ~ 00
2C ~ 00

6798 F 00
3 ' OC
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ENVIRONHENTAL FEATURE

NEIGHT

VALUE
BASE VAL EQ POINTS

NON PROB IHPACT {%CHANGE!
PROB OF OCCURRENCE
BkSE VALUE N/O PROJ
PERCENTAGE CHANGE

PROJECT IBPkCT {%CHANGE!
PROB OF OCCURRENCE
SECOND Il{PACT {%CHANGE!
PROB OF OCCURRENCE
BASE VALUE N/ PROJ
PERCENTAGE CHANGE

VALUF
BhSE VAL-EQ POINTS

NON PROJ INPhcT {%CHANGx!
PROB OF OCCURRENCE
BAS E VALUE N/0 PRO J
PERCENTAGE CHANGE

PROJZC> IHP ACT {%CHANGE!
PROB OF OCCURRENCE
SECOND lHPACT  %CHANGZ!
PR08 oF occUBRZNCZ
BASE VALUE N/ PROJ
PERCENTAGE CHANGE

-5.00
1CC. GO
-1C ~ 00

3C. 00
7191. 97

-e.15

-15 ~ GO
10C F 00
-10. 00

30,00
7817,70

-16.45

ihB ed 5
hcREAGE 950

8 00 6.00 5.00
76CO F 00 5700.0C 4750 00

-15 ~ 00 -15. 00 -15 ~ 00
20 F 00 20.00 20,00

7828. 00 5871 I 00 4892. 50
-3.00 -3.0C -F 00

AREA BASE VALUE E840.00
N/a PROJ VALUE 6643 ' 67
PERCENT CHhNGZ 2.87

-5 ~ 00 -5. 00 -5 ~ 00
100 ~ 00 1OC. OO 100,00
-10.00 -10 ~ OC 10.00

30,CO 30.00 30 F 00
8219. 40 6164 ~ 55 5137. 12

-8.15 -8.15 -8.15
AREA BASE Vkl,UK E840e00
N/ PROJEcT VALUE 6282.54
PERCENT CHANGE 8. 15

AREA 6
hcRZAGe 1100

5.00 5.00 4.00
5500. 00 5500. 00 4400.00

-15.00 -15IOO -15.00
20.00 2C.OC 20.00

5665.00 5665,00 4532 F 00
-3.00 -F 00 -3.00

ABEl BhSE VALUE cBE6 67
M/0 PRCJ VALUE 5696.53
PKRCZNT CHkNGE 2.90

-15 ~ 00 -15.00 -15.00
1COI CO 100.0C 100.00
-10 ~ GO 10. OC -10,00

30.00 30.00 30.00
6514 ~ 75 6514 ~ 75 5211 ~ 80

-18.45 -18.45 -18,45
AREA BASE VALUE 58E6 ~ 67
N/ PROJECT VALUE 4784,27
PKRCZNT CHANGX 18 45

-5 ~ 00
1OO.OG
- 10.00

30 F 00
7191.97

-8, 15

-15,00
100 F 00

10. 00
30,00

5211. 80
-18I 45

-5,00
100 OO
-10. 00

30.00
8219 ~ 40

-8. 15

-15.00
100,00
-10 ~ OO

30 ~ 00
10423' 60

-18. 45



8»00
3600.00

3. OO
1800. 00

e. 00
48QQ.OQ

-15.00
20. GO

3708 F 00
-F 00

- 10.00
20 ~ 00

4896 ~ 00
-2 ~ 00

-15 QQ
20 ~ CG

1854. GG
-3. 00

8.00
3200 00

3. 00
1200 ~ QG

8 ~ 00
2400 ' GD

-15 ~ QQ
20. QG

1236 ~ 00
-3 00

1 .GG
20 ~ 00

2472. QQ
-3. GQ

-10 ~ 00
20.00

3264 ~ 00
-2.00

CLUBPOCT ARE A SUB~ESTUARY
RASE VALUE  ACRE PCINTS! 18973
109

VALUE
BAS E VA L EQ POINTS

NON PRO J IHPRCT  %CHANGE!
PROB OF OCCURRE'NCE
BasE vALUE w/0 lRDJ
PERCENTAGE CHANGE

PROJECT INPACT  %CHANGE!
PROB OP OCCURRENCE
SECOND IHPACT  %CHANGE!
PROB OF OCCURRENCE
BASE VALUE R/ PROJ
PERCENTAGE CHANGE

VALUE
BASE VAL EQ POINTS

NON PROJ IHFACT  %CHANGE!
PROB OP OCCURRENCE
BASE VALUE R/O PRO J
PEPcENTAGE cHANGE

PRO JECT IHP ACT  %CHANGE!
PROB OF OCCURRENCE
SECOND IRPACT %CHANGE!
PROB OP OCCURRENCE
BASE VALUE N/ PROJ
PERCENTAGE CHANGE

-80 F 00
100. 00
-10 ~ 00

30» 00
3337 ~ 20

-85 ~ 40

-30 ~ 00
100 00
-10.00

30 ~ 00
1606 80
-33 90

AREA 7
ACREAGE CQC

1Q.QG 3.0C 4.00
6000 F 00 1800 F 00 2400 F 00

-15 ~ 00 -15. QQ -15. GQ
20 ' GQ 20»GC 20.00

6180 F 00 1854 ~ QC 2472.00
-3. QG -3. GQ -3 ~ GO

AREA BasE vaLUE 3760.00
N/C PRCJ VALUE 3453»6Q
PERcENT cHaNGE -2.83

-50 ~ 00 -70. 00 80.00
100» 00 100. GC 100 ~ 00
-10 ~ 00 - 1G ~ 0 C -10 ~ OG

30 OG 30. GQ 30.00
9270 ~ 00 31 5 1 ~ 80 4449 ~ 60

-54 ' 50 -75 ' 1C -85.40
AREA BASE VALUE 3760 ' OG
8/ PROJECT VAI,UE 1673 ' 72
PERCENT CHARGE 55 ~ 49

AREA 8
ACREAGE 400

10 F 00 3»GC 4.0G
4000 EGG 1200»GQ 1600.00

-15. 00 -15,0C -15. 00
20 ~ CG 20 ~ QC 20.00

4120 ~ 00 1236. GC 1648 ~ 00
-3 00 -3. QG -3 GG

ABER BASE VALUE 2506.67
N/0 PRCJ VALUE 2435 73
PERcENT cHRNGE -2.83

-20 ~ QQ -20 ~ GC -20. GQ
100. GO 100 ~ GQ 100 ~ 00
-10 ~ 00 -10.00 -10 ~ OD

30 00 30 ~ QC 30 00
4944 ~ 00 1483.2C 1977 60

-23 ~ 60 23 ~ 60 - 23 ~ 60
ABER BASE VALUE 2506. 67
N/ PROJECT VALUE 1956. 29
PERcENT cHANGE -21.96

- 20 ~ 00
1CO F 00
-10 00

30. 00
5932 ~ 80

-23.60

-5.00
100.00
-10.00

30 ~ 00
3 460 ~ 80

-8 15

-40 ' GD
100.00

10. 00
30 F 00

5'l 91 ~ 20
-44. 20

-10 ~ GQ
100» 00
-10.00

30 F 00
27 19. 20

-13.30



8/0 PROJBCT VhLQB 18%30
PBRCBBT CHhRGB -2.&7
Mg PROJBCT VhLUB 10697
PBRCBBT CHhSGB 22I 54
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EVALUATION OF REUSE RIVER ESTUARY
BACA AREA SUB-ESTUARY
INCREASED FISHING ACTIVITY

UNIQUE APPEAR MILDLFENDAMG

10, OG

FISH FO llL

2.00 4.00 2.0010, 00 2.00

3 ~ Oo
120C,OO

8 ~ 00
1200. 00

8.00
32GG.OG

-15 OC
20 ~ 00

1236, OC
-3.00

-10. 00
20 ~ OO

3264.00
-F 00

-15.00
20.00

1236+00
-3. 00

8.00
36CG F 00

3.00
1350 ~ 00

8,00
1350, 00

-15. 00
2Oa 00

139C ~ 50
-3 ~ 00

-10,00
20 F 00

36 12.00
-2.00

15.00
20. 00

13 90 ~ 50
-3. 00

111

ENVIRONMENTAL FEATURE

HEIGHT

VALUE
BASE VAL-EQ POINTS

NOM PROJ IHPACT  %CHANGE!
PROB OF OCCURRENCE
BASE VALUE M/O PROJ
PERCENTAGE CHANGE

PROJECT I 8 PACT  %CHANGE!
PROB OF OCCURRENCE
SECOND XHP ACT  %CHANGE!
PROB OF OCCURR ENCE
BASE VALUE M/ PROJ
PERCENTAGE CHANGE

VALUE
BAS E VAL-EQ POINTS

NOM PROJ XHKACT  %CHANGE!
PROB OF OCCURRENCE
BASE VAI,UE %/0 PROJ
PERCENTAGE CHANGE

PROJECT IMPACT '%CHANGE}
PROB OF OCCURRENCE
SECOR D XllPACT  %CHANGE!
PROB OF OCCURRENCE
BASE VALUE M/ PROJ
PERCEMTAGF. CHANGE

-10.00
100 00
-10 00

3C. 00
1359 ~ 60

-13. 30

-1C,OC
10C. 00
-1' OO

30. 00
1529 ~ 55

-13. 30

AREA 9
ACREAGE 4CO

3.00 3.GG 4.00
1200.CO 1200.00 1600.00

-15. CO -15.OO -15. 00
20 F 00 2O.GC 20.00

1236, 00 1236. OC 1648 F 00
-3 i OO � 3~0C -3 ~ OG

AREA BASE VALUE 1493 33
M/O PRCJ VALUE 1 452.80
PEPCEMT CHANGE � ci 71

-10. 00 -20.00 -20. 00
100. 00 10G.OC 100.00
-10.00 -10 ~ OC -10.00

30e00 30 ~ 00 30 ' OG
1359. 60 1483. 2C 1977.60

-13 ~ 30 -23 ~ 6C -23.60
AREA BASE VALUE 1493 ~ 33
M/ PROJECT VALUE 1297.47
PERCENT CHANGE -13. 12

AREA 10
ACREAGE 4*C

3.00 3.00 4 ' 00
1350. 00 1350 ' OC 1800. OC

-15.00 � 15.OO -15.00
20.00 2O.OC 20.00

1390,50 1390,50 1854.00
-3,00 -3.00 -3.00

AREA BASE VALUE 1680.00
M/0 PROJ VAIUE 1634,40
PERCENT CHARGE -2.71

-10. 00 -20. 00 -20. 00
1OO. 00 100 ~ OG 100.00

10.00 -10,00 -10.00
30.00 30.00 30,00

1529 ~ 55 1668 ~ 6C 2224. 80
-13.30 -23.6C -23.60

AREA BASE VALUE 1680.00
N/ PROJECT VALUE 1459.65
PERCENT CHANGE 13. 12

-5.00
100 F 00
-10.00

XO ~ 00
3460.80

-8 ~ 15

-5.00
100.0o
-1C ~ 00

30 ~ 00
3893.40

-8. 15

-10.00
100.00
-10,00

30. 00
1359. 60

-13. 30

-10.00
'}OO. OO
-10.00

30.00
1529 ' 55

-13. 30



8 ~ 00
4000.00

8.00
4000.00

3.00
1500 ~ OG

-15 ~ DG
20 ~ 00

4120 F 00
-3. 00

-10 ~ GU
20 ~ 00

4060.00
-2.00

-15 ~ 00
2C 00

1545 ~ OO
-3a 00

shcz IREI sua-EsTUIRY
BISE VlLUB  ICRB PCI NTS! 6473
N/0 PRO JB CT V lLU E 6294
PERCENT CHINGE -2I78
N/ PROJECT VALUE 5642
PERCENT CHISGE 12 ~ 84

REUSE SIVBS ESTUARY
alsx vlLUE  lcRE P0INTs! 47625
4/0 PROJECT VALUE 46261
PESCEST calNGE - 2.86
It/ PROJECT VILUB 28804
P RECENT CRINGE 3 9~ 52

112

ViLUE
aisZ VAL-B{} POINTS

NOR PROJ IHPACT  %CRINGE!
PROB OP OCCURRENCE
aaSE VAI,UB ft/O PROJ
PE fCZNTIGB CBIIIGB

PROJECT XRPACT %CHINGB!
PROB OF OCCUSRBSCB
SECOR D IRPlCT  %CRINGE!
pR05 0F occURRErcE
als B vie UB N/ PRo J
PERCENTAGE CHINGE

-10+ 00
1GC. OD

1C ~ 00
3CIGG

1699 ~ 50
-13 30

ASE1 11
ACREAGE 5GC

10 ~ 00 5 F 00 F 00
5000 F 00 2500 OG 2500 ~ 00

-15 ~ 00 -15.GO -15.00
20.00 20 DG 20 ~ 00

5150. 00 2575.00 2575 ~ GO
-3.00 -3,00 -F 00

ARZ1 BASE vkLUE 3300 ~ 00
1/O PSOJ VILUE 3206 ' 33
PBBCEST CHINGZ 2,84

-10 ~ 00 -10. 0 0 -20 ~ 00
1CO ~ 00 100.0C 100.00
-10 ~ DO -10 ~ 0 Q -10 ~ GG

30 00 30 ~ 00 30 ~ 00
5665 ~ DO 2832 ~ 50 3 090 ~ 00

13~30 -13.3C -23,60
lSEl BASE VALUE 3300 ~ 00
If/ PROJECT VILUB 2885.13
PBRCBNT CHIRGE 12I 57

-5 ~ 00
1CD F 00
-10 ~ 00

30 ~ GG
4326 ~ DG

-8 ~ 15

-5. 00
100 ~ 00
-10a 00

30 F 00
4326.00

-8. 15



APPENDIX C

COMPUTER TECHNIQUES
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APPENDIX C

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
Comput: er Graphics Laboratory.

The data processing and computation for the WES vere accomplished 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 DINK 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 government 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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