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vi
ABSTRACT

Basic objectives of this study were to explore the use of the ecosystem
concept in land use planning and to develop methods of ecologically basad
planning. Basic ecosystem processes are reviewed and interpreted as services
provided by natural systems to the human communities. A series of guidelines
is presented for the use of ecosystem concepts in planning,

Methods are developed and described for the use of the Landscape Com-
partmentalization approach in which a planning area is divided into four com-
partments based on natural characteristics of the land and its ecosystems.
The Protective Compartment includes areas that must be protected from inten-
sive use to maintain natural processes and environmental quality. The Pro-
ductive Compartment includes highly productive agricultural and forest land.
The Urban Compartment is composed of land well suited for intemsive develop-
ment. Remaining land is placed in the Multiple Use Compartment and may be
suitable locally for any prospective use.

The compartmentalization method is applied to a specific land area--the
Eno River Basin in Orange and Durham Counties, North Carolina. Legal means

of implementing a compartment plan are discussed briefly.
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SUMMARY AND CONCLUSIONS

With the increased environmental awareness and concern of the past few
yvears has come the realization that faulty land use is at the heart of many
cases of environmental degradation. Concerned land use planners are looking
for means to match human desires with natural characteristics so that they can
regulate land use in an environmentally sound way. Passage of pending
national and state land policy laws will intensify this effort.

Since ecosystems are the basic functional units of the mnatural world, they
should also form the basis of environmentally sound land use planning. Many of
the natural characteristics and processes of ecosystem provide useful, neces-
sary services to humans. Wise land use planning should attempt to take advan~
tage of these services whenever possible by guiding land use so as to maintain
the functional integrity of the ecosystems providing them. This requires
determination of the compatibility of various land uses with ecosystem processes
and other environmental characteristics.

The method of Landscape Compartmentalization provides a systematic means
of analyzing land use and environmental compatibility. Each of the four com-
partments, Protective, Productive, Urban Development, and Multiple Use, has a
specific function and certain environmental characteristics that determine its
location. By examining the environmental characteristics of an area, the four
compartments can be delineated and used as a guide for locating various. land
uses in an environmentally protective manner. The following steps are used in
applying Landscape Compartmentalization:

1. Set overall goals for the planning region;

2. Identify the purposes of each compartment;

3. Determine land characteristics pertinent to each compartment;

4, Analyze land characteristics to determine location of each

compartment; and

5. Modify regulatory procedures to allow for realization of the

classification scheme,

The feasibility of the first four steps was demonstrated by applying the
method to the Durham County portion of the Eno River Basin. Recent passage of
differential taxation and sediment control laws and the pending Land Policy Act
seem to make implementation feasible. Prerequisites for use of the compartment-
alization method are an informed citizenry and a local planning staff and gov-

erning body dedicated to environmental quality as a valid and necessary objective.
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RECOMMENDATIONS

Based on this study, the following recommendations are presented:

A.

Maintenance of a high-quality environment should be accepted by
planning agencies at all governmental levels as a valid and
necessary objective.

The Landscape Compartmentalization method described in this
report should be used as a systematic framework for guiding land
use while maintaining environmental quality.

The services provided to human communities by natural ecosystems
should be recognized, identified, and protected to the greatest
extent possible. '

Ecosystems should be used as the basic units of land use
planning.

Important natural processes should be identified as they occur
in ecosystems of several sizes ranging from whole river basins
to individual small watersheds or other local ecosystem units.
The specific land areas and biotic communities most Important

to the continued operation of these processes should be iden-
tified and located on the ground. This provides the basis of
the Protective Compartment.

As much species and habitat diversity as possible should be
maintained in every planning region.

As much undeveloped area should be maintained in and around
intensive development as is economically and politically feasible.
Highly productive land should be identified and maintained in
agricultural or forest productivity to the greatest extent possible.
This should be done within developing areas as well as in rural
areas.

Urban development should be located on land suited for construc-
tion and where environmental degradation can be minimized.

Legal methods for protecting envirommentally significant and
highly productive lands must be developed and enforced.

Toward this end, the North Carolina General Assembly should
enact the pending Land Policy Act and those related acts deal-
ing specifically with the coastal and mountainous areas of the

State without further delay.
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M. The North Carolina State Parks Division should proceed as quickly

as possible with purchase of land for the Eno River State Park.




IANDSCAPE COMPARTMENTALIZATION: A PHILOSOPEY
OF LAND USE PLANNING

...""planning is two things: (1) an accurate formulation of our own desires -
the specific knowledge of what it is we want; and (2) an accurate revelation
of the limits, and the opportunities, imposed and bequeathed to us by nature."

—--Benton MacKaye

Land use planning and some degree of regulation is widely accepted today
as a valid and necessary activity of government. Since the introduction of
zoning ‘early in this century, most urban areas have adcpted zoning ordinances
and developed procedures for exerting some control over their patterns of
development., City and county planning departments abound. But one need only
look at the developing fringes of any city--large or small--to realize that
these local planning and zoning activities have failed to prevent--or perhaps
have encouraged--a disaster in land development.

Urban expansion has seemed inevitably to result in water and air pollution,
loss of productive agricultural ‘lands, destruction of natural amenities, and
disruption of vital natural processes. The realization that local land use con-
trol is apparently inadequate to prevent such adverse consequences has led to
the development of what has been called a '"quiet revolution in land use con-
trol" (Bosselman and Callies, 1971). This "revolution" consists primarily in
state 'governments taking a larger role in land use regulation in an effort to
alleviate environmental degradation resulting from land development. A4s of
this writing Hawaii, Vermont, Maine, Massachusetts, and Wisconsin have adopted
statewide land use control policies for all or critical parts of each state's
environment. - Several other states—-including North Carolina-~are in the forma-
tive stages of developing state land use policies. The Federal Land Use Policy
bill pending in Congress will accelerate development of state activities, While
these efforts by the state and federal governments are well-meant and certainly
long overdue, whether they work any better than local controls depends more on
the philosophy of land use underlying them than on simply shifting the center
of control.

Local land use control has failed because it has considered only the first
half of the definition of planning proposed by Benton MacKaye (1928) - our
desires. And even of our desires, overriding importance has been given to
only one~-the desire for economic gain., This one-sided approach to land use

planning and control has so overwhelmed many local planners that their function
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has become simply one of facilitating economic development. No one can deny
the importance of economic well-being to a satisfactory life in our society.
But it is not surprising that the rest of the human environment has become
seriously degraded when land use decisions have been based almost entirely

on this one aspect of human life. There has been a nearly universal neglect

of the second part of the planning process: I''revelation of the limits, and the
opportunities, imposed and bequeathed to us by nature."

Within the past few years, however, everyone--with planners and local
governments no exception--has become more aware of environmental problems.
But the approach of most environmental activity has still been a partial one,
an attempt to cure the effects of our past mistakes rather than an effort to
quit making mistakes, The effects, such as water and air pollution, are
symptoms of a faulty approach and not the problem itself., Cleaning up the
effects might make things look better, but it doesn't solve the problem. Our
approach is analogous to using antihistamines--they stop a runny nose, but
they don't cure the cold. Cleaning up the bad effects of environmental
neglect is certainly a desirable short-term measure. But what is needed in
addition is a sound, long-term approach to the basic 'disease’ itself; that
is, we need '"planning" in the true sense of the word.

In land use the ''disease" is unguided, uncoordinated land development.
If this disease is to be cured by activity at any level of government, a more
holistic or ecological approach to land use planning and regulation is the
first prerequisite, The analysis of our desires must be expanded beyond
economics to include all rational human wants and needs. Who wants to live
in an ugly, crowded landscape? Who doesn't need water to drink, air to
breathe, and space in which to recreate? And the "limits and the opportuni-
ties" of nature must be considered in a complete and realistic way. The
natural world must be viewed as the complex, interrelated system that it is
rather than as a blank slate for man to do with as he will. What is needed.is
a return to the concept of the planner as 'a seeker, a revealer' (MacKaye,
1928) who analyzes human desires and the properties of the natural world to
the greatest extent possible with modern knowledge and technology and then
matches the one with the other to plan for a harmonious and satisfying human

environment.




The process of planning, as opposed to the background activity of data
gathering, is the process of matching human desires and needs with the capa-
bilities of the world to meet them. Man must and will use the resources of
the natural world for his own well~being. But if those resources are to con-
tinue to support the human race in a satisfactory way, man's use must not
exceed the capacity of the resources to be used. It was not until the past
twenty or so years that the human population reached such a size and technology
became sufficiently advanced that the capacity of resources to continue to be
used was in question. But that is a question that we will never again be able
to ignore and one that must be central to. planning for the future.

Taking for granted that man will continue to need and use land and that,
as the human population continues to increase into the foreseeable future,
this use will continue to expand and intensify, land use regulation must be
a process of guiding land development in harmony with natural processes and
the ability of the land to support use. In other words, the primary goal in
planning or managing land use is to make optimum use of the world without
destroying it or degrading it too seriously. The reasons for this include not
only the fact that serious environmental degradation threatens many of the bio-
logical processes upon which human life depends, but also that a high-quality
environment can provide many amenities, such as natural beauty and recreation.
Undeveloped land, properly managed, can also provide urban areas with .certain
highly valued goods and services at very little cost. Aside from the food and
essential raw materials produced on agricultural and managed forest lands, the
maintenance of such natural processes as biological productivity, mineral
cycling, the hydrologic cycle, water and air filtering, and natural stability
can be performed by natural ecosystems at no cost to human society except the
opportunity cost of choosing not to destroy them for alternative uses., It
would seem to be the logical goal of good planning to take advantage of these
minimal-cost services whenever possible. The question of how to guide land
development so as to utilize the services of natural ecosystems without
destroying them is one of the biggest problems currently facing ecologists and
land use planners.

Let us begin to address this problem by starting with the obvious premise
that certain uses of land, if carried out at high intensity, are clearly

incompatible with one another. This idea has been implemented even in
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traditional zoning where it is recognized; for example, that high intensity
industrial or commercial development is incompatible with high-quality resi-
dential use. From a more ecological point of view, high biological producti-
vity by plants, in either agricultural or unmanaged systems, is incompatible
with high industrial productivity or intensive housing development on the same
piece of ground. And maintenance of mineral cycling and water filtering and
storage 1s incompatible with paving the land for a parking lot.

In view of this non-compatibility of certain land uses, we have two
choices. The first possibility is to use the whole landscape in a haphazard,
mediocre way. Unfortunately, this has been the choice most often made by
defaulty. If no conscious ecological analysis or plan is made, this pattern
of land use appears to be the inevitable result. Thus, we have thousands of
acres of suburban developments that neither are very pleasant places to live
nor allow for the utilization of natural processes. The other possibility is
to take the time and effort to consider the environmental characteristics of
a land area before it is developed and to compartmentalize it according to its
suitabilities for various uses and its capabilities for providing goods and
services.

The concept of compartmentalization is well illustrated in a model pro-

posed by the ecologist Eugene Odum (1969, 1971) reproduced in Figure 1. The

Protective
(mature systems)

/ environment \
Productive Compromise
(growth systems) (muitipie-use systems)
environment environment

Urban-industrial
(nonvital systems)

environment

Figure 1. Basic framework of landscape
compartmentalization.
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same idea is implicit in the work of McHarg (1969) and his associates (Wallace,
1970) and has been applied in California by Patri (1971). The basic approach
is to divide the landscape into units or compartments with those areas best
suited for a particular use being designated and managed for that use. Other
uses are subservient or incidental or, in the case of incompatible uses, not
allowed at all. This is analogous to a type of land zoning, with the basis of
zoning being sound scientific rating of the land's capability to perform cer-
tain functions. Such compartmentalization would result in planning for the
land's "highest and best use" in a real sense.

Odum has proposed four landscape compartments: (1) the productive com-
partment; that is, agricultural or managed forest lands; (2) the protective
compartment; that is, those areas which serve a vital function in environ-
mental protection; (3) the urban-industrial compartment, including land
already intensively developed or best suited for such development; and (4)
the compromise or multiple-use compartment which includes all lands not fall-
ing exclusively into one of the other compartments and which can serve several
uses simultaneously. This, of course, is not the only way of dividing up the
landscape but it is a reasonable and useful framework for ecological land use
planning.

Since the basis for compartmentalization is the properties of the land
itself 'and of the ecosystems it supports, this approach necessitates a thorough
environmental inventory as the first step in the land use planning process.
The purpose of the environmental inventory is to identify first those areas
that should be in the protective and productive compartments, which are the
most significant ecologically. Expansion of the urban compartment can then
be guided into those areas that do not necessitate a compromise with higher
priority uses.

Use of the term "higher priority" indicates a value judgment based on
ecological considerations. From an ecological point of view, the highest
priority lands are those in the protection compaftment, since these are the
areas that must be kept undeveloped to insure a high-quality environment. It
must be emphasized that environmental protection is a valid and high priority
land use. - Land in the protective compartment serves valuable, low-cost
functions which are irretrievably lost with intensive development. Thus, this

land cannot be simply that left over from other uses but must be identified
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and protected first to assure the continued functioning of vital natural pro-
cesses. It will then also serve the other functions traditionally assigned to
undeveloped or "open space'' lands by providing urban form, natural amenities,

and outdoor recreation.




ECOSYSTEMS AND ENVIRONMENTAL PLANNING

"When we try to pick out anything by itself, we find it
hitched to everything else in the universe.'--John Muir

The basic principle of modern ecology is the ecbsysteﬁ concept. Put sim-
ply, the ecosystem concept states that the earth operates as a series of inter-
related systems and that within each system all of the components--biotic and
abiotic--are linked with one another in complex ways such that a change in any
one component will bring about some corresponding change in the operation of
the whole system. Up to the present, application of this idea has 1argély
been limited to ecological research. While our knowledge is still far from
complete, enough is known about how ecosystems operate to allow us to begin
using this knowledge in ways more directly related to the needs and activities
of man. ’ '

Perhaps the most valuable use of the ecosystem concept in the near future
will be in planning for the rational use of still undeveloped land and water
resources. In the past, land development has been based on single use con-
siderations at a single point in space and time. Little thought has been given
to the relation of the particular area of development to the rest of the complex
system of which it is a part. The ecosystem concept, by necessitating considera-
tion of the whole system even though one may be specifiéally interested in only
a part of it, can serve a valuable function as the basic framework for guiding
use and dévelopment of land. _' |

' The use of ecosystems as the basic unit for resource use planning is
directly applicable to river systems such as the Eno River Basin. A river basin
is clearly an interrelated system of land and water and the organisms living
in each. Use of the land in a watershed markedly affects voiume, timing, and
quality of the water flowing from it; and characteristics of a river are strong
determinants of land use patterns along its banks. None of the characteristics
of the land or the water can logically be viewed as separate from all of the
characteristics of both., This environmental protection plan for the Eno River
Basin is based on this view of the basin as a series of interrelated ecosystems.,

There are two primary reasons for protecting undeveloped land: (1) for

preservation of its aesthetic or recreational value; and (2) for maintenance of
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the natural processes in the ecosystems occurring there. Traditional land
protection, from the preservation of green belts in cities to the setting aside
of remote wilderness areas, has been based almost exclusively on the first
reason. While protecting undeveloped land for natural beauty and recreation

is necessary and highly desirable, this approach alone is not sufficient to
insure protection of critical areas and natural processes vital to human well-~
being. Ecological planning must consider both criteria in designating land to
be included in the protection compartment.

Ecosystem processes are, in very real and direct ways, more vital to the
maintenance of high-quality human life than are recreational areas and natural
beauty. This is not meant to minimize the significance of outdoor recreation
and natural beauty to human happiness and psychological well-being, but many
natural processes are necessary not only for human happiness but for life
itself. In spite of their importance, the maintenance of ecological processes
has seldom been considered a valid reason for not developing land. '"Protect-
ing the ecology" of an area has meant protecting the birds for birdwatchers or
the trees for amateur naturalists, rather than protecting the operation of |
ecosystems for the benefit of everyone concerned. Yet, as is obvious from even
a rudimentary understanding of the ecosystem concept, it is impossible really
to protect birds or trees without maintaining the integrity of the ecosystems
of which they are a part. The purpose of this chapter is to examine the ways
in which ecosystems do serve valuable functions and to explore how analysis of
these proéesses can be used as the basis of a truly ecological protection sys-
tem, To accomplish this, we must first briefly review what is known about the

nature and operation of ecosystems.

Basic Processes and Characteristics of Ecosystems

In order to visualize the complex operations of ecosystems, ecologists
have found it useful to make simplified flow charts such as that shown in
Figure 2, Organisms are grouped into compartments, as indicated, on the basis
of their functibns in the ecosystem. Pathways of movement of materials and
energy are indicated by arrows, and a boundary is put around all of the com~
ponents that are considered to be in one ecosystem. Since it may at first be

misleading, the idea of ecosystem boundaries deserves further attention.
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Figure 2. Schematic diagram of the basic components of

an ecosystem showing their relationships

through energy flow (solid line) and mineral

cycling (broken line).
The soil scientist J. S. Rowe has defined an ecosystem as "... a topographic

unit, a volume of land and air plus organic contents extended areally over a

particular part of the earth's surface for a certain time."

This definition

stresses the reality of ecosystems as functional units of the landscape that

can be identified and surrounded by a definite boundary.

The boundaries of
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ecosystems, however, are never closed or impermeable; they are open to transfer
of energy and materials to or from other ecosystems or from the external
environment. This openness is indicated in the schematic diagram by using a
dashed line for the boundary. The open quality of ecosystem boundaries is
important, for even though we may be dealing with a particular ecosystem as a
land use unit we must keep in mind that the exchange of materials with its
surroundings is an important aspect.of the operation of that system.

Since ecosystem boundaries are real, although open, they can be located
on the ground as well as in theory.. In the case of river basins, watershed
boundaries also form meaningful ecdsystem boundaries. In fact, much of the
research on ecosystems has been done on watershed systems (Bormann, 1969;
Likens, et al., 1970). The watershed of each small creek may be considered as
an ecosystem, as may the watershed of the entire river. This also illustrates
the point that ecosystems can be nested and that one large ecosystem may
include many smaller ones. Such nested watersheds, in a heirarchy to be
described later, have been used as the ecosystem units in this study.

As illustrated in Figure 2, one of the major transfers through the
boundary of an ecosystem is the input of energy. In terrestrial ecosystems
such as the watersheds we are dealing with all of this input consists of radiant
energy from the sun. The capture of this energy and its transfer through the
system compriseione of the major processes that occur in ecosystems.

The only way solar energy can be captured in natural systems is by the
photosynthetic process in green plants which converts radiant energy to stored
chemical energy. The process of energy capture and conversion by the plants
in an ecosystem is called primary production, and the plants thus occupy the
"primary producer" compartment in the schematic diagram. This compartment is
also known as the first trophic (energy) level. Animals that eat plants, or
herbivores, are primary consumers and form the second trophic level, since they
obtain their energy from the first trophic level. Similarly, carnivores are
secondary consumers and form the third and higher order trophic levels. Very
seldom are there more than four trophic levels in one ecosystem. The individual
organisms that occupy the various trophic levels form food chains along which
food energy passes as one organism consumes another, More detailed explanations

of these concepts are given in introductory ecology tests (e.g., Odum, 1971).
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The significant point about energy transfer in ecosystems is that all of
the organisms, including man, and all of the processes of the system depend
upon primary production by green plants as a source of energy. Since the
flow of energy in food chains is necessarily in only one direction and since
the transfer of energy as one 6rganism consumes another is relatively ineffi-
cient, all ecosystem operations depend upon the continued input of energy from
the sun and the continuous capture and storage of this energy by plants. But
the consumer organisms need more than just energy. Most of them feed speci-
fically on certain other organisms, and all of them need a specific environ-
ment in which to live, Thus, the maintenance of conditions suitable for the
growth of green plants is necessary for any ecosystem to function, and the
survival of certain kinds and numbers of plants is necessary for the operation
of any specific ecosystem.

Another of the basic processes that occur in ecosystems is the transfer
of materials in the form of chemical elements or compounds between the com-
partments of the system.  This process is called mineral cycling or, more
descriptively, biogeochemical cycling.  As with energy flow, mineral cycling
begins with green plants which extract available minerals from the soil and
incorporate them into their tissues, These minerals are then passed to other
organisms in the ecosystem through food chains in exactly the same way as
energy. However, unlike energy, minerals are not dissipated as they move
through a normally operating ecosystem, but are recycled and kept within the
system itself.

The mineral recycling process is carried on by a very significant com-
ponent of ecosystems-~the decomposers. As their name suggests, decomposers
are a complex group of organisms that feed on dead organic matter and reduce
it to its constituent elements. Thus, the minerals that are incorporated in
the bodies of plants and animals are returned to the soil nutrient pool upon
the organisms' death. By this continual recycling, well-balaﬁced ecosystems
are able to maintain themselves for long periods of time with no input of
nutrients except what is slowly released by decomposition of the underlying
rock strata. The "tightness' of mineral cycling within an ecosystem also pre-
vents the movement of materials to adjacent ecosystems where they might act

as pollutants.
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The patterns of both energy flow and mineral cycling change over time as
the process of ecological succession occurs. Basically, ecological succession
is the replacement of one group, or community, of plants and animals by another
community as a result of naturally induced environmental changes. The actual
species of plants and animals present in any stage of succession vary in dif-
ferent areas and on different sites and will be discussed in detail for the Eno
River Basin in a later chapter. But along with the changes in plant and animal
composition go several changes in ecosystem function that are similar in all
ecosystems. These developmental changes in ecosystem function have been well
summarized by Odum (1969; 1971).

Usually, in the early stages of ecological succession after some disturb-
ance, ecosystems contain relatively few species. Thus, the diversity of
organisms in young ecosystems is low. Such is the case with the plants and
animals that initially invade abandoned fields and graded or other extensively
disturbed soils. Because of the extreme environment, the small number of
species present, and the fact that the organisms have been growing together
for only a relatively short period of time, the relationships among the organisms
in a young ecosystem are simple and not well developed. Food chains are linear
and fairly short; decomposer populations are small due to the small amount of
accumulated organic matter, and the organisms exert little control over their
environment.

These conditions, in turn, lead to inefficient operation of the ecosystem
processes of energy flow and mineral cycling. Much energy is used in the
rapid respiration necessary to maintain organisms in an extreme environment,
and the short, simple food chains don't allow efficient transfer of energy from
one trophic level to the next. Because there is no well-developed decomposer
system, mineral cycles tend to be open and incomplete, resulting in mineral
loss from the system instead of recyecling. All of these characteristics of
early successional stages--low diversity, simple interrelationships, and
inefficient energy transfer and mineral cycling--result in a highly unstable
condition. Young ecosystems are susceptible to extensive disruption from out-
side disturbances such aé insects or diseases, heavy recreational use, or other
human influences.

Young ecosystems do, however, have something in their favor. The plants

that occur in them tend to grow fairly rapidly. This fact, together with the
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small number of consumer organisms, means that such systems have a high pri-
mary productivity.. All of our highly productive systems, whether they be
agricultural fields or rapidly growing forests, are ecosystems in the early
stages of succession. In management of these areas, we choose to put up
with their disadvantages in order to utilize their high productivity.

As ecological succession proceeds in non-intensively managed systems,
many significant changes occur. As the plants present in a young system grow
and fully occupy the site, they exert an increasing influence on environmental
conditions, méking them less extreme. The new situation allows new species of
plants to invade that were not able to survive earlier. And with the new
plants, of course, come new animals that feed on them or use them for shelter.
Normally, more species of plants and animals are able to survive in the less
extreme environment so diversity increases. With increasing diversity comes
greater complexity--longer and more branched food chains, closer relationships
among organisms, a greater amount of both living and dead organic matter, and
greater control over species composition and environmental conditions.

Increasing diversity and complexity in the ecosystem result in greater
efficiency and stability of ecosystem processes. The greater number of species
occurring together for long periods of time become closely adjusted and linked
to one another. These closer linkages and more complex food chains, together
with the‘high diversity of plant species and form, allow greater efficiency in.
capture of solar energy and in energy transfer, so that energy is conserved
instead of wasted. This conservation of energy allows a larger amount of living
material (biomass) to be supported by the energy available even though the
growth rate and primary productivity may be lower thanpin earlier stages.  The
less severe environment and the greater amount and variety of dead organic
matter also allows the buildup of a large, complex decomposer system. Since
the decomposers are responsible for return of minerals to the soil nutrient
pool, mineral recycling becomes more efficient and less loss occurs from the
system.

Highly developed mature or semi-mature ecosystems take a long time to
develop--hundreds of years in some cases. But once they do develop, they are
very stable, efficient systems composed of many organisms closely adjusted to
one another and to their environment. The resistance to external disturbance

is high, and they are able to maintain ecosystem processes even with substantial
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human use and manipulation. From the standpoint of environmental protection,

mature ecosystems are highly desirable components of the landscape.

Ecosystems and Land Use Planning

The central problem in ecological land use planning is not the statement
of generalities about ecosystems, but the question of how these principles can
be practically used. It is in this area, however, that both planners and
ecologists know the least. The following discussion is a first approach to
this problem that may ald planners in developing further thoughts and
techniques.

The major point to be emphasized is that ecosystems are the basic units
of organization and function in the natural world. If land use planning is to
be ecologically based, ecosystems must be used as the basic planning and man-
agement units. It is well established that the traditiomal use of political
boundaries to delimit planning jurisdiction is unsatisfactory and creates many
conflicts, economic as well as environmental. Since ecosystem boundaries are
the functional dividing lines of the landscape, their use to delimit planning
jurisdiction would at least minimize environmental conflicts.

Some recent developments in planning procedures could be used to approach
an ecosystem-based planning system. Several municipalities in North Carolina,
including the City of Durham, have recently extended their planning and regula-
tory boundaries beyond the city limits themselves. These have been arbitrary
extensions of a certain distance beyond the city limits and have had no natural
or ecological basis. The same idea could be applied, however, to the extension
of municipal planning boundaries to some natural land form that bounds a mean-
ingful ecosystem unit. Such boundaries could be located on maps just as readily
as the arbitrary extension and would have more meaning in terms of the proper-
ties of the land that is being planned for. The implementation of such an
approach again awaits recognition that the planning process is properly based
not only on our desires, as represented by expanding cities, but also upon the
limits and opportunities of the land itself.

Perhaps a more promising development is the recent increase in river basin
planning (Hufschmidt, 1971). As mentioned above, watersheds or river basins
may be used as meaningful ecosystem units. While river basin plahning in the

federal context emphasizes management and development of water resources, this




15

approach can form the basis for overall ecosystem-based regional land planning
as well. Water movement ties together the land and water of a watershed into
an integrated ecosystem unit where the environmental goals of land use regula-
tion revolve around maintenance of high water quality and continued balanced
functioning of the land-water hydrologic system. This is the basic idea under-
lying the whole Eno River Basin plan.

The watershed ecosystem unit can form the basic unit for several levels of
planning. The watershed of an entire river system may form an ecosystem unit
for regional planning where the matters of concern are general patterns of
development and population distribution, major resource development projects,
and achievement of regional goals and stability. Watersheds of tributary
streams are within the jurisdiction of local planning agencies where the goal
is guided local development within the context of overall regional goals. Pre-
sumably, of course, one of the regional goals is the maintenance of environ-
mental quality which may be expressed at the local level in the way land is
regulated in areas adjacent to the tributary stream. And, finally, the level
of the small source watersheds consisting of individual ravines and small
intermittent streams is in the realm of site planning of single development
projects, Here, environmental quality goals are incorporated into the site
plan, governed by the local planning board's requirements for permits and
appropriate zoning, and expressed in the way the developer finally makes use of
the land. Thus, at every level of planning and development activity, the water-
shed ecosystem forms a convenient and ecologically meaningful land unit,

Whatever level of watershed or size of ecosystem we are dealing with, how-
ever, we must specify the goals of environmental quality for which we are plan-
ning and managing. And these goals must be based on the ecosystem processes
and characteristics we are trying to maintain or enhance. It would be well,
then, to: examine again the basic properties of ecosystems, this time with an
eye specifically toward the value they may have in terms of human goals and
how the planning process can be used to insure their maintenance.

The processes of energy capture and transfer in ecosystems are the basis
of most obvious human uses of the natural world, All productivity, from produc-
tion of food in agriculture to production of wildlife populations for nature
study or hunting, is the result of this basic ecosystem process. There is no

need to list the many products human society derives from direct harvest of
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agricultural crops, forests, waters, and other productive systems. This is
especially true in North Careolina where agriculture and forest products are
major segments of the State's economy. The significance of primary productivity
in this sense is obvious, although seldom considered as an ecological process.

In spite of the readily admitted significance of productivity, there is
usually no attempt made to preserve it in the face of urban expansion. The
best agricultural lands around a city are often the best sites for subdivision
development, since they are level and open. And current property valuation
and taxation practices encourage such development by taxing farm lands as sub-
division sites instead of for their actual current and, perhaps, best use.
Hopefully, the Differential Taxation Act passed by the 1973 North Carolina
General Assembly will improve the taxation situation. So more and more produc-—
tive agricultural land, and often highly productive forest land as well, dis-
appears in development; and extensively developed areas exceed all natural
systems except deserts in their lack of productivity. Decreased primary produc-
tivity results not only in fewer products for human consumption, but also in
removing the base of the food chains which support animal populations. So
most wildlife, especially the carnivores at the top of food chains, disappears
from developed areas.

There is no reason why the loss of productive land should be a necessary
consequence of urban expansion. If its preservation were recognized as a valid
goal of planning, a change in property tax assessment and the use of currently
existing land regulation procedures could be used to achieve it., Fitting in
suburban development around productive agricultural and forest land would
create a diverse and pleasing landscape, maintain primary productivity for
economic purposes, and maintain the base of food chains to support a diverse,
well-developed biotic community. Except in areas with air pollution levels
high enough to cause crop damage, there is no fundamental conflict between
agriculture and suburban development on adjacent land. Such an admixture could
serve to acquaint city-dwellers with the problems and processes involved in
food production as well as having economic advantages in farm~to-market
shipping. It is also possible to harvest timber from suburban woodlands without
seriously detracting from their other uses (Noyes, 1971). The time is rapidly
approaching when we will no longer be able to afford the sacrifice of lands

capable of producing food or other wvaluable products.
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The diversity that an interspersion of productive and developed land would
allow has value in itself, aside from its role in providing greater productivity.
Ecological diversity is of two types—-habitat or landscape diversity and species
diversity--both of which would be provided by the mixture of developed and
undeveloped land proposed here. Landscape diversity is a measure of the hetero-
geneity of biotic communities, landforms, and other biological and visual ele-~
ments of an area. High visual diversity in the landscape has long been a goal
of landscape architects, since this is the type of surroundings to which humans
seem to respond most favorably. This favorable response to diversity probably
goes beyond cultural tradition, since evidence is accumulating to indicate that
a variety of visual stimuli are necessary for normal psychological development
(Iltis, Loucks, Andrews, 1970).

While the psychologically pleasing quality of landscape diversity is per-
haps its most obvious human value, it alseo provides a variety of plant and
animal habitats, allowing the development of high species diversity. The
presence of many different kinds of plants and animals is also psychologically
pleasing to those who are aware enough to notice it, but species diversity has
significant biological value as well, O0f the enormous number of species of
plants and animals in a given area, only a few are of present direct use to man.
But the others are valuable in two readily identifiable ways: - in providing
conditions suitable for the survival of species of direct interest and in main-
taining a genetic reserve of species that may be of future benefit.

It is obvious that many other species are necessary to provide conditions
suitable for huntable populations of wildlife or fur-bearing animals, that
biotic communities along a stream have a strong influence on water conditions
for fish, and that many valuable timber species flourish only in certain forest
communities. . All of the species and interrelationships between them necessary
to maintain some desired component of an ecosystem are not known or identi-
fiable with present knowledge. Our lack of knowledge further emphasizes the
need to maintain the whole operating system even though our direct interests
are in only a part of it. While the value of genetic reserve for possible.
future use may not be as intuitively obvious, it is certainly no less important.
Many examples, such as the development of disease resistance in grains by
cross breeding with wild grasses and the discovery of the production of anti-
biotics by common microorganisms, illustrate the practical value of maintain-

ing presently unused species.
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Perhaps the greatest value in maintaining diversity lies in its role in
promoting stability. Stability--or the absence of large and unexpected fluctua-
tions away from the normal condition--may also be considered at several levels:
(1) stability of population size of an individual species, (2) stability of the
composition and processes within a single ecosystem, and (3) regional stability
in the balance among many ecosystems and their components.

Stability--or lack of stability--of species population size is the type
most commonly dealt with. When a population escapes its natural equilibrium
and begins fluctuating widely, it is likely to attract attention. If the popu-
lation becomes too large, the species will become a pest; and if the population
of a desirable wildlife species becomes too small, people will become concerned
over its scarcity. Species population size is kept in balance by the inter-
action of members of the population with the supply of food and suitable habi-
tat and with predators, parasites, and:pathogens. All of these controlling
factors are closely related to spatial heterogéneity and species diversity.

An area with very low landscape diversity--that is, with much area occupied
by the same plant species or habitat--is likely to provide ideal conditions of
food and habitat for some species, allowing their population size to become
large and perhaps reach pest proportions. On the other hand, those species
that require a different food source or habitat for at least part of their
life cycle will decline in number. If the declining speciles are predators on
the pest species, the pest problem will be increased. This situation occurs
commonly where suburban development destroys the habitat of foxes and other
predators, allowing rabbits and squirrels to become serious pests, and where
extensive planting of a single crop provides ideal conditons for the prolifera-
tion of insect pests and diseases.

Similarly, the more species of actual or potential predators or parasites
of a species exist in an area, the more likely it is that one or more will con-
tinue to operate to hold the species' population stable. Likewise, predator and
parasite populations will be better able to survive temporary fluctuations in
one of their food sources if other alternative sources are available (The
Institute of Ecology, 1971). In general, then, the more species there are
interacting in a given area and the greater variety of habitats there are for
these species to live in or escape to, the more stable will be the population
size of the species involved. Thus, population stability, with all of its

obvious advantages, depends heavily on the maintenance of diversity.
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Stability of population size of the species in an ecosystem simultaneously
depends upon and promotes stability of ecosystem processes. Maintenance of
population equilibrium in a species in any trophic level depends upon continual
balanced foed supply and predation; that is, upon a steady flow of energy and
nutrients into and out of the population. Any disruption of a lower level of
a food chain obviously results in loss of equilibrium of populations at higher
trophic levels, Thus, stability of populations is determined by stability of
the ecosystems of which they are a part. Similarly, constancy of energy flow
and mineral cycling depends upon relatively censtant size of the populations
in each trophic level. A large change in the size of the population of any one
species in an ecosystem can cause exaggerated changes in amounts and patterns
of energy and material transfer., The flrst two types of stability, then, are
inextricably bound together and are both closely related to the maintenance of
diversity. ‘ ‘

Stability may also be considered at the level of balance among ecosystems
occurring within a region. This may be thought of as stability within a large,
regional ecosystem composed of many smaller ones. These smaller ecosystems,
due to the open nature of their boundaries, exchange organisms and materials
among one another. Movement out of one ecosystem represents an influx of
energy and nutrients into an adjacent one. Normally, the amount of exchange
between adjacent ecosystems is small, and the systems are adapted to its pres-
ence so that overall stability is maintained. However, if some disturbance
alters the rate of output of energy or nutrients from one system, the eco-
systems that receive that output may become unstable and undergo drastic
changes. ’

A widespread example of such a breakdown of regional stability is the pol-
lution of lakes and streams by human sewage or animal feed lot runoff. The
commonly used secondary sewage treatment process removes most of the organic
matter from the sewage but leaves large amounts of inorganic nutrients.

These nutrients enter aquatic ecosystems in treatment plant effluents in much
greater amounts than the ecosystems are adjusted to receive. The added nutri-
ents stimulate growth of aquatic plants and greatly increase the rate of energy
capture and primary producticn. If aquatic ecosystems reached a new equili-
brium with greater productivity, this could be desirable from the human point
of view since greater amounts of energy passing up food chains could increase

populations of secondary or tertiary consumers such as fish. But due to the
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characteristics of the aquatic plants involved, the lack of balance among organ-
isms, and the dynamic nature of the ecosystem itself such a new equilibrium is
seldom reached. Instead, the populations of plants tend to fluctuate wildly,
with large '"blooms' of algae followed by massive die-offs.

This fluctuation in primary production in itself prevents the establish-
ment of larger populations in the upper trophic levels, but the sudden death
of great numbers of plants presents an even more serious problem. This great
increase in dead organic matter results in increases in the populations of
decomposer organisms. As the decomposers break down the dead plant material,
they consume oxygen from the limited supply dissolved in the water. If they
use oxygen faster than it is being replenished, the oxygen content of the water
decreases and may fall so low that other organisms, such as fish, begin to die.
So instead of being increased, fish populations are depleted and in some cases
completely destroyed. The same conditions result if animal wastes, untreated
sewage, or other large amounts of organic matter are added to aquatic ecosystems.
In this case oxygen is depleted by decomposers working directly on the added
organic matter without the intermediate step of increased primary production.

There is some natural input of organic matter into any stream or lake.
Leaves and other plant materials fall into the water and some inorganic
nutrients leach from the soils. But the ecosystems are adjusted to this level
of input and are able to assimilate it or perhaps even benefit from it. It
is only when the input exceeds the bounds of equilibrium that stability is lost.

The instability of the aquatic ecosystem may, in turn, affect the equili-
brium of other parts of the regional ecosystem. Increased rates of filling in
of lakes and ponds due to the decomposed plants settling to the bottom may
cause changes in succession and composition of plant communities around the
banks. Decreased fish populations may result in death or emigration of fish-
eating animals. Depleted fish populations and polluted waters often bring
about marked economic and cultural changes in human settlements in the region.
One could go on, but the point has been well enough illustrated. Regional
stability depends upon the maintenance of balance among all of the major eco-
systems contained in the region.

The value of some degree of regional ecological stability is obvious.
Long-term economic and social well-being of a human community depends upon

either a stable supply of materials, money, workers, etc. or the ability of
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the community te adapt to change. Certainly, technology has given modern
society the ability to adapt to change more rapidly and efficiently .than has
ever before been possible. But there are still, and probably always will be,
some limits to the speed, amount, and frequency of major changes human society
can cope with without serious disruption. And the smaller the division of
human society, the more complete the disruption is likely to be. Near com-
plete dissolution of small communities dependent upon one industry which
closes down amply attests to this, as well as to the value of diversity to
human ecosystems.

The above example of an aquatic system tying together the ecosystems of
a region again brings us to the subject of the watershed ecosystem and water-
related natural processes., The role of water, aside from its obvious neces-
sity in the physiological processes of living organisms, is primarily as a
carrier of materials. Movement of nutrients, particularly those in inorganic
form, in ecosystems occurs primarily in water. Thus, the hydrologic and
mineral cycling processes of ecosystems are closely related.

As pointed out earlier, mineral cycling in well-developed ecosystems is
relatively "tight;" that is, nutrients are kept within a particular system
instead of moving out into another one. The relationship between stability
and tightness of mineral cycling is again a situation in which each simul-
taneously promotes and depends upon the other. Conservation of nutrients
within an ecosystem is necessary for its continued stable operation. Con-
versely, a stable interacting system is required to prevent nutrient loss.
Excessive loss of nutrients from an area prevents the development of a balanced
ecosystem on that site and may set off the type of chain of events illustrated
above by an influx of nutrients into adjacent areas. Thus, land use practices
must hold prevention of nutrient loss as a major objective, both to maintain
fertility on the site itself and to prevent pollution of other ecosystems,
particularly aquatic ones.

One of the major impacts of land development is its effects on hydrolo-
gic processes. Disruption of normal water movement patterns may certainly
disrupt the nutrient-related processes of ecosystems as just described, but
may have more immediate and drastic effects as well. Well-developed vegeta-
tive cover and litter of decaying leaves are very effective in preventing

rapid runoff and in promoting seepage of water into the soil. Flood
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prevention, groundwater recharge, and maintenance of stable base flow are all
well-documented functions that vegetation serves. The loss of these functions
through unwise land development has led to the alternating floods and water
shortages that have been so common in recent years.

Properly functioning ecosystems are also very efficient purifiers of
water and air. The filtering action of leaf litter under a forest removes
silt and many other pollutants from water flowing through it from runoff. By
breaking the force of raindrops and slowing runoff, any good vegetative cover
promotes seepage of water into the soil where very effective filtering occurs.
The positive effect of vegetation, particularly forests, on air quality is,
perhaps, less than the effect on water quality but is nevertheless a real and
valuable function. Tree leaves directly remove ozone, sulfur dioxide, and, of
course, carbon dioxide from the air (Rich, 1971). Effective dispersion of
air pollutants also occurs over open space and is increased if the land is
vegetated (Office of Air Programs, 1971). By evaporative cooling vegetatien
creates a cool humid surface which keeps dust and other particulates on the
surface (Rydell and Schwarz, 1968).

The cooling effect of vegetation is also one of the primary ways in which
large vegetated areas affect local climate. Vegetation allows dissipation of
energy by evaporation that would etherwise be used in heating the air.

Stands of trees also influence other factors such as humidity, wind, and solar
radiation, that act together to determine the microclimate of an area. Urban
areas, :due teo the absence of vegetation and large areas of pavement and build-
ings, often build up heat islands in which the temperature may be .10° to 20°F
higher than in the surrounding countryside (Lowry, 1969). Excellent discus-
sions of the effect of open space and vegetation on microclimate have been
presented by Federer (1971) and Waggoner (1962).

In light of this discussion of the functional value of ecosystem processes
certain directives for land use planning and management are clear. It weould
seem to be the logical overall aim of land use planning to take advantage of
these valuable processes whenever possible. The functions of water flow regu-
lation, water and air purification, primary productivity, and maintenance of
stability must be performed in some way. Doing them artificially by human
activity is very costly in terms of money, energy, and human and material

resources. If they are done by natural systems, they are essentially free.
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And as side benefits, these natural systems provide man with the natural

beauty and recreation necessary for his psychological well-being.

Once the practical value of utilizing natural functions has been accepted

as a goal of planning, the next and more difficult step is the development of

methodology to achieve this goal. Several guiding principles to methodology

development may be deduced from the above description of ecosystem operation.

l&

Logical ecosystem units should be used as basic planning

units to the greatest extent possible,

As discussed above, watersheds are probgbly the most con-—
venient and meaningful ecosystem units in most areas.
Planners are already accustomed to using watersheds for
planning water and sewer systems, so that in most urban

areas watershed boundaries have already been established.

Other types of ecosystem boundaries may, however, be more
appropriate in some cases. In mountainous areas hillsides,
whole mountains, or valley bottoms may be more readily
identifiable ecosystem units. In largely undeveloped areas
where much of the natural vegetation remains, vegetation
types may be used to delineate ecosystems. In some areas a
combination of physiographic and biotic characteristics may
be used to locate ecosystem boundaries. In the coastal zone,
for example, offshore islands, shoreline estuaries, tidal
marshes, beaches, dune areas, and maritime forests could be

identified as separate ecosystems for planning purposes.

However ecosystems are delineated, the significant point is
that natural boundaries rather than arbitrary ones should
be used around planning units. The pathways of relation-
ships illustrated in Figure 2 must be identifiable within
the unit chosen and betweén that unit and adjacent eco-
systems and larger regional ecosystems.

Important natural processes should be identified as they
occur in ecosystems of several sizes ranging from the whole
region to individual small watersheds or other local eco-

system units.
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This is an extremely significant step since these natural
processes are the services that human communities must
protect. To be done in detail, of course, this step and
the following one could be very expensive and time con-
suming. Anyone with sufficient ecological training and
ingight, however, should be able to identify at least the
rough patterns of processes with a minimal amount of
investigation based on aerial photographs, topographic maps,
and field surveys. The necessity of some ecological train-
ing to perform this step emphasizes the advisability of

having ecologically trained personnel on the planning staff.

As an example of how this step might be implemented, con-
sider the situation of an urbanizing area at the headwaters
of a major river system in a coastal state., Water quantity
and quality related processes that should be of concern
include use of water by vegetation, runoff regulation by
soil percolation, aquifer discharge to maintain stream flow
during dry periods, soil stabilization by vegetation to pre-
vent stream siltation, filtration of urban runoff by vege-
tation, etc. While all of these processes are basically
hydrologic, their relationship to climate, geology, soils,
plant and animal communities, and human development can be
readily idéntified. Various land use alternatives should

be considered in relation to their impact on these processes
in each small watershed and their cumulative impact on the
hydrologic balance of the entire river basin and even the
coastal estuaries into which the river flows.

The specific land areas and biotic communities most impor-
tant to the continued operation of these processes should be

identified and located on the ground.

Certain specific parts of an ecosystem may be more crucial to
the operation of natural processes than others, although the
unitary nature of the whole system must be kept in mind.

This step consists of locating these critical areas on the

ground and perhaps looking at them in more detail with an eye




toward their stability in the face of land use related pertur-
bations. It is at this stage that the actual descriptions of

biotic communities discussed above would be appropriate. -

In relation to the example discussed in step (2), the critical

segments of ecosystems may be floodplains, riparian plant com-

munities, vegetation and soils of steep slopes, aquifer recharge

areas, and vegetated strips at the edges of roadways and other
paved areas. The relationship between the percent of impervi-
ous surface and the ability of remaining vegetated areas to
handle the increased runoIf should also be considered.
Environmental goals should be set for each level of ecosystem.
That is, communities and planning agencies at the local and
regional levels must decide which of the natural ecosystem

functions they wish to take advantage of by protecting.

This step goes beyond the inventory stage to the point of actually

making land use decisions based on both human and natural
values. The difference between this approach and traditional
open space reservation is that the aim of protection is not
simply to keep land undeveloped but to maintain the operation
of natural processes that provide services to the human

community.

Again following the above example, the choice might be between
protecting flood plains, riparian and steep slope plant com-
munities, and sufficient vegetated land to allow percolation
of water or spending large amounts of money on local stream
channelization and downstream reservoirs to prevent flooding.
In these terms the relative economic value of protection
versus development of these areas can be calculated, ' Similar
considerations would apply to the choice between using natural
systems to filter and remove nutrients from urban runoff or
installing tertiary treatment facilities to treat storm wéter
(Odum and Odum, 1972). In all such cases regarding the pro-
tection of ecosystem processes, the ultimate decision should

take into account the interrelationships between local and
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regional ecosystems so that the best interests of the entire
region are served rather than those which may seem to satisfy
local needs but wreak havoc elsewhere.

Methods for protecting the lands necessary for maintenance of

the desired functions must be developed and enforced.

This step, of course, is the difficult one facing planners
whenever they wish to keep land undeveloped for any reason.
The advantage of the ecosystem approach is that good econ-

omic arguments can be used in favor of protection of ecosystem

‘processes to supplement the usual aesthetic and recreational

reasons for open space preservation. Protection should be
considered a valid and high priority land use rather than a
non-use.

As much species and habitat diversity as is possible should

be maintained.

Ecologists have found that the diversity of species and
environments usually found in natural ecosystems has great
value in maintaining the system's stability (Odum, 1971). As
human development encroaches upon naturally diverse ecosystems,
the usual effect is to simplify them and thus decrease their
natural resistance to breakdown. Planners should make the
maintenance of diversity a high priority guiding principle

if they wish to protect ecosystem processes.

As much undeveloped area should be maintained in and around
intensive development as 1s economically and politically
feasible.

In view of the already recognized value of maintaining eco-
system operation and the strong possibility that many more
presently unknown reasons for protecting them exist, as much
land as is feasible should be protected from intensive
development. The ecologist Fugene Odum (1970) has done some
preliminary calculations on the amount of natural enﬁironment
required to maintain human life support systems in the State
of Georgia. He recommends that at least 50 percent of the
land area of that state should remain in natural ecosystems
and that this figure should serve as a working hypothesis for

planners.
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NATURAL DETERMINANTS

While entire ecosystems are the actual units with which we must deal in
planning, it is difficult to comprehend all the characteristics and processes
of an ecosystem at once., We are normally forced, therefore, to consider these
major characteristics and processes separately in the early stages of analysis.
It is possible to analyze geology, soils, biotic communities, etc. using rela-
tively well-developed methods and criteria and to relate these analyses to
land use. Since each natural characteristic of the landscape in some way acts
to determine its suitability for various uses, these characteristics have been
called determinants (McHarg, 1969). The purpose of this section is to explain
the significance of several natural determinants to land use so that they can
be incorporated into the planning process in a meaningful way. It must be
emphasized, however, that all of the separate environmental determinants must
be related to one another and to the functioning of whole ecosystems before-
they can be validly incorporated into a comprehensive land use guidance system.

" The natural environment of a land area acts to determine the suitability
of the land for various uses in one of three ways: (1) it may have character-
istics that make it well suited for the use in question, in which case it pro-
vides an opportunity for that use. (2) It may have characteristics that
limit its suitability for some uses, thus providing restraints to those uses.
(3) It may exhibit characteristics or perform functions that merit its being
protected from any use other than remaining in its present condition. Which
of these three conditions the total environment presents for a’'given land use
depends upon the states and interaction of all of the separate natural determi-
nants and the environmental requirements of the particular use.

Each natural determinant may similarly be considered to present in itself
opportunities, restraints, or the need for protection. It is at this level of
the state and characteristics of individual determinants that the opportunity,
restraint, or protection condition can be most readily determined. For example,
a well-drained, stable soil with a high bearing capacity clearly presents an
opportunity for urban development, while a low-lying highly plastic soil pre-
sents a clear restraint to such use.

It is extremely difficult, however, to go from the characteristics of
individual parameters such as the soil to a determination of environmentally

suitable land use., Each potential land use has requirements that relate to
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several environmental determinants, some of which may provide opportunities for
that use at the same time that others provide restraints. An alternate use may
have different relationships to the same determinants. The actual natural
determinant-use requirement matching process is enormously complex. Any attempt
at land use determination that overlooks this complexity and bases decisions on
a one characteristic-one requirement approach inevitably will lead to adverse
environmental consequences. It is this situation that has led to the frustra-
tion of planners who have attempted to use environmental data in land use deci-
sions but have found the results of their decisions to have been as detrimental
as if they had used no environmental data at all, So we return once again to
the entire ecosystem as the only basis for integration of all of the separate
determinants.,

Before we can integrate natural determinants into an ecosystem context,
however, we must understand each of them as they exist separately. This in
itself is a major undertaking and is beyond the scope of this study. The fol-
lowing analysis, however, provides a basic framework for the land use planner
in considering several of the major determinants from an opportunity-restraint-
protection perspective. Further details may be obtained for some of the
determinants by consulting the more extensive studies cited. The integration

of these separate determinants is discussed later in this report.

PHYSTOGRAPHY - Geologic and topographic determinants

Opportunities
Good supportive characteristics - elastic bedrock
Stable formations
Flat areas
Good drainage
Restraints
Shallow bedrock
Unstable formations - fault zones, mass movement
Steep slopes
Poor drainage
Protection Areas
Bluffs, scenic rock outcrops
Significant mineral deposits, gravel deposits and quarries

Floodplains
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Sources of further information:
Flawn, 1970
Hill and Thomas, 1970
McHarg, 1969
Nichols and Campbell, 1971

SOILS
Opportunities
Stable support ~ adequate bearing capacity
Good drainage
Resistance to erosion
Restraints

Low bearing capacity
High shrink-swell potential
Poor drainage
High erodibility
Protection Areas
High production potential
Sources of further information:
Bartelli, et al, 1966
McHarg, 1969
Hills, 1961

Southeastern Wisconsin Regional Planning Commission, 1969

WATER
Opportunities
Adequate ground water supply or proximity to water system
No flooding problems or seasonally high water table
Restraints

Inadequate supply

Runoff from development likely to cause flooding

Too much impervious surface in watershed
Protection Areas

Floodplains and buffer strips along streams

Aquifer recharge areas

Vegetation on steep slopes where rapid runoff may occur
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Sources of further information:
Putnam, 1972
Ward, 1967

BIOTIC COMMUNITIES

Opportunities
Stable communities
Long-lived species
Aesthetically pleasing plant cover
Restraints
Unstable or old-growth communities that will deteriorate as a
result of development
Conditions in which lessening density and exposing remaining
individuals may cause their death
Protection Areas
Rare or unique species or ecosystems
Highly diverse communities where disturbance would decrease
diversity
Flood plain communities
Highly productive forests
Exceptional wildlife habitat
Sources of further information:
Hills, 1961
McHarg, 1969
National Academy of Science, 1970
Odum and Odum, 1972
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THE ENO RIVER BASIN - A CASE STUDY

The Eno River arises in two branches in north central Orange County, North
Carolina., The two branches flow generally southward and join one another north
of Hillsborough, the county seat of Orange County. Just west of Hillsborough
the river turns to thereaSt, flowing through Hillsborough and on into central
Durham County. In Durham County the Eno flows along the northern edge of the’
Durham urban area and in the eastern part of the county joins the Flat River to
become the Neuse River. The Little River flows into the Eno shortly above its
confluence with the Flat. The entire length of the Eno River is approximately
35 miles. Its watershed contains about 90,000 acres or 140 square miles. The

Eno River watershed is illustrated in Figure 3.

1 Mile

Figure 3, The Eno River watershed,
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The area through which the Eno River runs is typical of the gently roll-
ing terrain of the north central Piedmont of North Carolina. With the exception
of the hills and bluffs along parts of the river which are too steep for culti=-
vation, much of the land is being or has been used for agriculture. Abandoned
fields and steep hills are covered with forests‘of southern pines and second-
growth hardwoods of varying ages and quality. Approximately 70 peréent of the
watershed in Orange County and approximately 60 of the watershed in Durham
County is forested. With the exception of the Town of Hillsborough and Durham
City, most of the watershed is rural\with only scattered small settlements.

The Eno flows through the small\town of Hillsborough which uses the river
for both water supply and disposal of treated sewage. The Town of Mebane and
other parts of west central Orange County and east central Alamance County also
receive part of their water supply from the Orange-Alamance Water System reser-
voir above Hillsborough. In Hillsborough, paper mills, grist mills, and textile
mills formerly used the river for power and for waste disposal; but presently,
there is little direct disposal of wastes into the river except for the Hills-
borough sewage treatment plant.

In Durham County the river flows from west to east immediately to the
north of the City of Durham. Suburban development is spreading rapidly north-
ward from Durham and has reached the vicinity of the Eno within the past few
years, New subdivisions are appearing rapidly on both the north and south
sides of the river, and at one point (along Roxboro Road) a shopping center and
other commercial developments have recently been constructed. The land along
the stream itself, however, is still largely undeveloped and wild. Durham
obtained most of its water supply from the Eno until the early 1920's. The
City presently operates a sewage treatment plant on the lower part of the
river. Plans are being made to expand this plant and extend sewer lines into
the Eno Basin to meet the needs of expanding development there.

The earliest explorations and first non-Indian settlements in the Durham
area are said to have been along the Eno River. From the mid-1700's to the
advent of electrical power in the region there were in existence as many as
32 water-driven mills along the river. These mills functioned as social and
political centers of activity as well as providing services. Many roads led
to and from the mill sites which were always located near river fords. Many
signs of this early intensive .use of the river still exist, but their overall

impact on the present nature of the river valley is slight.




33

Generally, the Eno River itself is largely unpolluted, swift, rocky, and
beautiful. The steep forested hillsides and bluffs along the river isolate it
from developments, resulting in an impression of isolation and wildness even
though subdivisions may exist a short distance over the crest of the hill.

Due to its location and natural beauty, the Eno River has historically
played a large role in both the commerce and recreation of residents of the
Durham area. Particularly in recent years the river valley has been heavily
used for hiking, fishing, swimming, canoeing, and rafting. . But the pressures .
- of urban expansion to the north of Durham have become so great that it is
nearly inevitable that the Eno Basin, at least in Durham County, will be con-
verted from rural to urban within the next decade. Whether this urbanization
will have the usual results of destruction of aesthetic appeal, degradation of
water quality, loss of wild character and wildlife habitat, and consequent
loss of recreational value or whether these values can be preserved in something
near their present state will depend upon the eventual balance of several some-
times opposing forces currently acting to influence land use in the area.

The first, and perhaps most powerful, of these forces is the pace of urban
expansion in the area. Between 1960 and 1970 the population of the City of
Durham increased from about 78,000 to over 95,000 and by 1972 had exceeded
100,000. During the same period the total Durham County population increased
from about 112,000 to nearly 133,000. Increases of similar or greater magni-
tude were experienced in the adjacent Orange and Wake counties. The three-
county region has a high potential for future population growth due to the
- development of the Research Triangle Park and the expansion of the three major
universities in the area. The Research Triangle Regional Planning Commission
(1969) projected the population of Durham County to be as high as 268,000 by
the year 2000. Much of the population increase consists of fairly well-
educated people in middle to upper income groups with a high demand for medium-
priced suburban housing.

Much of the development of this housing has been occurring to the north
of Durham. The City of Durham is expanding to the north, as is evidenced by
the annexation of 3.19 square miles of land by the city in 1966 that brought
the city limits within one~half mile of the Eno River., Between 1965 and 1970,
thirteen new housing developments containing over 1100 residential lots were
built in the northern part of Durham County. Since then, the pace of develop-

ment has increased even further. Roxboro Road is one of the main arteries
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leading north from Durham and has been the site of most of the development.
Many new subdivisions have appeared along it in the paét few years, including
a large subdivision-apartment-shopping center complex built virtually on the
banks of the Eno River. Guess and Cole Mill Roads also head north from Durham
and have also been the sites of intensive suburban development. Left uncon-
trolled and in private ownership, it would appear to be the fate of most all
of the land in the Durham County part of the Eno Basin to undergo such
development. Two other forces have been acting, however, to at least par-
tially counteract this trend.

The City of Durham has projected that its demand for water will exceed
the supply from Lake Michie, its present reservoir on the Flat River, by 1985.
In order to avoid a possible water shortage, the City has been planning and
acquiring land for additional water sources. Since the Eno River is the
closest to the city and is a potential source of a large amount of relatively
clean water, it has been slated as a possible site for a future reservoir.
Since Durham formerly acquired its water from the Eno and since the Army Corps
of Engineers recommended a flood control reservoir for the river, there was
some justification for the city's beginning to acquire land in the Eno basin
for a future reservoir site.

Beginning in the mid-1960's and accelerating in the early 1970's, the
City of Durham has been acquiring large amounts of land along the river to
keep it out of development and reserve it for future water supply and recrea-
tional use. In addition to land for a reservoir, the city has acquired other
land farther downstream for recreational use and for the expansion of its
sewage treatment plant on the lower Eno, Figure 4 shows the land in city
ownership in early 1973 and lands that are planned for future acquisition,

A very active local conservation group, The Society for the Preservation
of the Eno River Valley, has also been taking action to keep the river valley
itself out of development. This group, however, violently opposes construc-
tion of a reservoir on the river and thus opposes much of the city's activi-
ties along the river, even though they are also aimed at preventing develop-
ment. The Eno Association generated a great deal of publicity about the beauty
of the Eno River during the early 1970's and promoted recreational use of the
area by sponsoring hikes and raft trips and by giving slide shows and talks to
local organizations, The Durham newspapers have sided with the Eno Association

in opposing reservoir construction on the river and have also given the matter
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Figure 4. Extent of present public ownership
of land along the Eno River.

much publicity. Both the Eno Association and the newspapers have promoted the
idea of a state park as a means of preserving the river valley as opposed to
city ownership of the land.

In 1972 the Eno Association began to take a more active role by forming an
Eno River Project Group of the Nature Conservancy. This group has convinced
the State Board of Comservation and Development and the State Parks Division to
publicly back the idea of an Eno River State Park over the opposition of the
Durham City government. The Nature Conservancy has acquired several tracts of
land along the river, some within the proposed reservoir area (Figure 4), and
the 1973 session of the North Carolina General Assembly appropriated money to

begin to purchase land for a state park.
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In mid-1973 when plans for an Eno River State Park began to crystallize,
the North Carolina Department of Natural and Economic Resources began to exert
pressure on the City of Durham to put the Eno at the bottom of its priority
list for possible reservoir sites. Simultaneously an innovative plan to use
a quarry along the lower Eno as a water storage reservoir were developed by
the city. 1In October 1973 the Durham city government announced that it was
abandoning its plans for an Eno reservoir in favor of other possible water
sources. This move amply testifies to the ability of well-organized and per-
sistent private conservation organizations to influence governmental actions
regarding environmental resources.

While it now appears a certainty that at least a corridor along parts of
the river will become state park, there is no lessening of the pressures of
urbanization on the rest of the Eno Basin. Indeed, plans for a park could
intensify suburban development along its fringes, There is a pressing need to
identify and purchase land that should be included in the park before it is
developed for other uses. And the need to protect water quality in the Eno
River and pleasing surroundings for the park through environmentally based
land use planning and regulation for the whole basin is more urgent than

before.
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LANDSCAPE COMPARTMENTALIZATION - THE MECHANICS

Starting with the land use philosophy, concept of natural determinants,
and the existing situation in the Enc River Basin as described above, the
purpose of this section is to formulate a method whereby a given area--the
Eno Basin--can be partitioned into compartments that reveal the opportunities
and constraints of the land. '

An important consideration is that this method be workable; that is, that
the comparfments can be appropriately and sufficiently delineated by the use ‘
of readily available information and a reasonably uncomplicated procedure.

The degree of intricacy of the method should be limited not only negatively

by the availability of allocable time, effort, and funds, but also positively
by the wise choice of categories of land use that will be sufficient to reveal
proper land use patterns and of parameters to be measured that are sufficient

to decisively categorize land areas.

The Categories of Land Use

The most important consideration at this point is to determine into which
categories land use should be divided so that the natural opportunities and
constraints of the land are adequately reflected. This orientation leads to
certain assumptions., Specifically, these are that where nature is clearly
carrying out a vital function, such as regulation of stream flow and stream
quality, this function should be protected; where nature has given a benefit,
such as fertile soil, this benefit should determine the best use of that land;
where nature has imposed a prohibition, such as a flood plain, this prohibition
should be respected. To use Ian McHarg's (1969) phrase, a "presumption in
favor of nature'" is being made,

This being the orientation taken, it seems that the land types mentioned
by Odum (l9§9a) form a proper basis for categorization-~perhaps with a few
minor alteraﬁions. These generalized types are Protection, Production, Urban
Development, and Multiple-Use lands. Once the landscape of a given area is
partitioned‘into blocks according to these categories, épecific site investiga-
tions caﬁ be carried out where intensive uses are contemplated. For example,
once an area 1s generally designated as falling in the urban development
category, information on any specific’sitelwithin that area would be advisable

to insure that that particular site is in fact suitable insofar as all important
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factors are concerned, for the intended use. In other words, what would be
accomplished by the method being discussed here is the delineation of areas
that appear to be generally suited to various different types of land use on
the basis of a sample at a given intensity of the values of parameters that it
is felt are sufficient to distinguish among these types. This does not
guarantee that conditions at a given site will be optimal for a given use--
therefore, the recommended site investigation. However, it does create a
general pattern of land use that (1) gives the most probable best land use at
any given site, and (2) is based on an investigation of the natural attributes

of the land.

Generalized Description of Land in Each of the Categories

Having chosen the generalized categories of land use, it would be bene-
ficial at this point to briefly describe the types of land that would be placed
in each and perhaps to make some additions to or alterations of the four basic
categories if this appears necessary. N

The protection category will be considered first. This consists p051t1veiy
of those areas the essentlally natural structure of which should be retained
such that they may continue to perform their natural functions, these having
been discerned as a positive value--a recognized natural resource--that it
benefits man to preserve. Negatively, this also consists of those areas that
categorically must be‘protected to preVent hazard.

This category has been defined along essentially anthropocentric lines,
protection being extended to those things that it is felt to be in the human
interest to protect. However, as implied above, it is felt that what is in
the best human interest is to integrate our activities as closely as possible
with the patterns of nature. Accordingly, protection is to be extended to
those things that are felt to bear on our immediate needs and, further, to
those things that bear on our suspected needs for a ﬁaturally varied and pleas-
ing environment.

In the example being presented along with this discussion, those features
that happen to occur in the region in which the area under study is located
which were felt to perform the role just described were considered under the
heading of Protection. (The area studied was that part of the Eno River

watershed falling in Durham County. Originally, it was intended to include
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in the study the entire watershed of the Eno, but this was prevented by the
limited availability of information for the Orange County portion of the water-
shed.) This included designated water course corridors, areas of steep
topography, scenic areas, areas that afford unique recreational opportunities,
areas that exclusively provide unique wildlife habitats, and flood-prone areas.
In a generalized discussion of the method being developed here, it would be
advisable to include a sub-category that might be entitled "other naturally
unique or important areas.'

A few comments might be made on each of the above. It is felt that cor-
ridors running the length of water courses should be protected due to the
important role such buffer strips play in the regulation of stream flow and
in the maintenance of water quality. Disturbance within this strip may result
in siltation and other reductions of water quality the likelihood of which
would be decreased by confining activities expected to cause such disturbances
beyond it. Disturbances could also lead to altered stream flow response--
usually greater flashiness--to precipitation events. ' Water is one of our most
valuable resources, and so water courses merit protection. Certain planned
types of disturbance might be allowed, such as vegetation manipulation where
this serves a useful purpose, but development unrelated to desirable altera-
tion of stream quality or quantity should be excluded.

Further, flood-prone areas along rivers and extending beyond the desig-
nated protection corridors should be protected as well, though to a different
degree. Whereas all intensive use is barred from the corridors, non-construction
uses are permissible in the flood-prone areas extending beyond them., This
would ‘include such activities as forestry and agriculture. As a matter of
fact, study of the flood-prone areas, forestry, and agricultural maps produced
in the example at hand show that flood plains generally have the most produc-
tive soils for these activities. Flood-prone areas should be withheld from
development, however, because (1) positively they do become functional in
moving flood waters and should not be blocked, (2) development in the sense of
construction, etc. would constitute a loss to agriculture and forestry, and
(3) negatively, they do pose a hazard to development.,

Areas of steep topography should categorically be protected from the point
of view that, given that they do exist, they intrinsically pose hazards of

erosion and instability if developed or in other ways disturbed.
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Scenic areas and areas that afford unique recreational opportunities should
be protected for their obvious amenity wvalues, which is one reason, realized
through hunting or general interest, for protecting areas that exclusively pro-
vide~~through their community composition or areal extent--a suitable habitat
for particular wildlife species. However, another justification for protecting
the latter type of area is that destruction of -the habitat requirements of
certain species can result in ecological imbalances such as might occur when
predators are eliminated in certain predator-prey relationships.

"Other naturally unique or important areas’ was included to provide a
generalized sub-category which comprehends those elements of a specific land-
scape--not occurring in all landscapes--that due to their particular functions
or characteristics should be protected. For instance, if study were being
made of a coastal area, such physiographic features as beaches, foredunes, and
marshes would be protected. Elsewhere, our concern might be important aquifer
recharge areas which due to the geologic characteristics of a particular area
do not coincide with the river corridors or the flood plains. Also included in
this category would be ecologically unique areas in which unique structures or
systems are found but which have not been extended protection under any of the
other protection sub-categories. Any of these features would be designated as
a protection sub-category as such in a study of an area where it occurred
rather than being referred to by the generalized title "other naturally unique
or important areas."

Several ﬁoints might be made at this juncture. The first pertains to the
extent of use that can be made of land falling within the protection category.
Initially, it must be recognized that the act of placing an area in the pro-
tection category establishes a use; i.e., the land continues to perform its
peculiar natural function. Beyond this, however, certain low intensity types
of use may concurrently be made of the land. Largely, this will be confined
to low-intensity recreation such as picnicking and hiking and to certain
scientific and educational pursuits. Flood plains beyond the protection cor-
ridors, as mentioned, are not given "full protection status’ in that certain
intensive uses can be made of such areas with a prohibition on construction
so that flood plain functions are not impaired and human life and property are
not endangered.

Another point is that it should not be felt that all land not in the pro-

tection category 1s destined to be eventually developed in some way such that
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any desired open space systems must be designated under the heading of protec-
tion land. Open space systems can be assembled from many types of land. Pro-
duction land, for instance, constitutes open space and further open space can
be chosen by subsequent planning decisions from urban development and multiple-
use lands. It might be reiterated that the method being discussed here is not
a final planning procedure but a land use planning guide the purpose of which
is to locate the basic general categories of use in the most favorable areas.

‘A third point ccncerns the fact that an element of subjectivity enters
into the designation of land as belonging to certain of the protection sub-
categories, such as the scenic or perhaps the unique recreational category.
Some may argue that only quantifiable values should be included or that
factors that defy direct quantification should be measured according to some
common--though artificial~-yardstick before any commitment of resources can be
made. It seems that such a desire to be "scientific'' can often be more mis-
directed than commendable. Although what is recognized as being aesthetically
appealing or interesting varies among people, it is fully as likely or perhaps
even more likely that choices generally fulfilling the needs of a populace
can be made by a group of individuals generally attuned to the tastes of
society and acting on the basis of their subjective feelings as by restriction
to things directly quantifiable or by resort to strained and artificial
quantifications.

The final point to be made here concerns areas that in effect will be pro-
tected although not specifically designated under the protection category.
Land placed in the protection category is so designated, as mentioned above,
stemming from either one of two points of view--a positive one or a negative
one; that is, land is protected either to prevent loss of a benefit or to
avoid a hazard. It can be seen that in general the types of features that are

L

extended this protection consist of "systems' the disruption of which produces
impacts extending usually to more than the immediate site of the disruption.,
In contrast to these protection areas but still falling into an unspecified
category of 'protection by default' will be those areas that should not be
developed or subjected to any intensive use due to the existence of some
localized natural condition that would have an adverse effect on that use in
terms of and extending to only the immediate site. The natural condition

could be, for instance, a clay lens in the subsoil causing low permeability
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and/or seasonal perched water table problems to intended development or sink
holes or the like. All such areas will not be designated as protection areas
as such but will drop out as undeveloped areas as closer site investigations
are made in areas generally suitable for intensive use of some sort.

The Productive category is the next of the suggested land use categories.,
Land reserved for production is simply that land that is especially suited to
either agricultural or forest production due to the characteristics of its soil,
its topographic position, and so forth. It was felt advisable to divide the
originally proposed production category into these two separate categories—-—
agricultural lands and forest lands--as both of these types of land use are of
considerable importance in the region in which the example under study is
located.

The Urban Development category consists of that land which is particularly
well suited to be developed. 'Development,'" of course, can cover a variety of
things, the particular type occurring in any given situation being determined
by the potentials of the area being considered. 1In all cases, 'development'
connotes a rather drastic alteration of the landscape and requires that the
land in question be possessed of certain characteristics in order to avoid
both degradations of the landscape and detriment to the development. Where
different types of development--made feasible by the characteristics of the
land~~pose different requirements on the land, it would be advisable to create
different development categories such as an urban category including residential,
commercial, and light industrial development; a heavy industrial category; and
a mining or extractive development category to cover the situation in which the
land's best use is as a source of some mineral (or water) of utility to man.

In the example under study, the only type of development that is probable is

the sort just described as forming an "urban category," i.e., including resi-
dential, commercial, and light industrial construction, and so in pursuing this
example the only development category to be made use of will be an urban develop-
ment category in this sense.

Lastly, there is the "Multiple-Use” category which consists of that land
in any area under consideration which is not placed into any of the other
categories. This becomes "left-over’ land in a sense, but this is far from
saying that this land is without great utility. Set aside in each of the pre-
ceding categories is land most suited in the area under consideration (this

also means that it is somewhat well suited on an absolute as well as a relative
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scale-see below) for providing man's basic needs of maintenance of the func-
tioning of nature, a pleasing environment, water, food, fibre, minerals, and
suitable building sites. Land in the multiple-use category though not
exhibiting the best characteristics to be found in the area under considera-
tion for any of these uses might, according to the make-up of the specific
site, be quite satisfactorily used for any of these purposes. By judicious
use of land in this category, creativity can be applied to land use problems
and a balance can be struck among land use allocations. Perhaps it is best
to re-emphasize that the particular use to which land in the multiple-use
category is put depends on the make-up of the specific site and on land use
needs.

A final comment that might be made at this point pertains to the matter
of scale. That is, this approach to determining land use patterns becomes
reasonable only when applied to areas sufficiently large that generalized
patterns are meaningful, For instance, it would not make sense to go looking
for forestry, urban, etc. areas on an acre plot; but it would in the drainage
basin of a river or some other regional-level area. As just mentioned above,
however, investigations of the small scale site do have theif place in determin-

ing the actual final use to which any given piece of ground is put.

The Hierarchy of Land Uses

An important question arises at this juncture, What if a given area
falls within more than one of the-above categories? What happens, for instance,
if an area is especially well suited to both agriculture and urban development?
This problem is resolved by the fact that there is a hierarchy of land uses
which is essentially implicit in the orientation that has been assumed. Hav-
ing declared a "presumption in favor of nature," land falling in more than
one category will be assigned to the category of land that can withstand the
least disruption and still- be capable of continuing to perform the functions
or offer the characteristics upon which we have placed a value., For example,
if land is categorized for urban development, and this is the only category
into which it falls, urban development is then aﬁ acceptable use of the land
because no detriment will be caused to the natural functions and benefits we
have placed a value upon and no natural prohibitions that we have discerned
will be breached. However, if this land should fall under both the urban

development and protection categories, then it must be placed solely in the
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protection category because by so doing we commit no breaches and cause no
detriments, whereas by using the land for urban development we in effect will
destroy the protection function of that land. This argument can be extended

to form the core of the hierarchy of land uses as follows: protection, produc-
tion, and urban development.

Multiple-use lands will necessarily be placed at the bottom of the hier- .
archy because, as explained above, these are the lands that remain .after the
lands best suited to the other categories have been delineated. Of the two
types of multiple~use lands, the one with the prohibition on construction will
be placed a step higher in the hierarchy than the other, general multiple-use
category because of the degree of protection that the former extends to flood
plains.

Finally, for the example being considered, agricultural lands are ranked
one step higher than forestry lands. This is not based on the above argument
but on the feeling that in this case the availability of good agricultural
land is in some degree more important than the availability of good forestry
land, considering the economy and general characteristics of the area for
which the example study is made. The two are nonetheless placed one above
the other in the hierarchy because of the similarity of resource commitment
involved as compared with the other land uses.,

Therefore, the finalized hierarchy for the example under study is as
follows:

' Protection

Agriculture

Forestry

Urban Development

Multiple~Use, excluding construction

General Multiple-Use
What this amounts to is that when a given land unit is being studied according
to the method being developed here, the first priority is to set aside those
areas designated as protection lands. Once this has been done, it is deter-
mined which parts of the remaining land fall into the agricultural category,

which parts of what then remains fall into the forestry category, and so on

down to assignment of land, remaining after all other land use designations

have been made, to the general multiple-use category.
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Parameters and Their Values

The next step after the choice of land use categories and the ranking of
these into a hierarchy have been accomplished is to determine which factors or
parameters should be considered in order to allow placement of areas being
studied into the proper categories. As indicated earlier, the object here is
to choose the smallest number of parameters that allow definitive designa-
tion of land as belonging to one of the categories.

In the example being considered it was felt that the following parameters
were sufficient:

1. Distance from the nearest water course

2, Slope

3., Agricultural productivity index

4, TForest site index

5. Sub-soil permeability

6. Shrink-swell potential of the soil

7. Depth to bedrock

8. Position with respect to flood plains
It was stated earlier that scenic areas, areas affording unique recreational
opportunities, and areas that exclusively provide unique wildlife habitats
could also be included as protection lands in the example since all of these
occur in the region where the area studied in the example is located. These
are not listed‘among the parameters used, however, as the third of these did
not occur in the area actually studied and the first two occurred only within
the river corridors in this area (unique recreational areas were limited to
trails and river access points) and thus, their incorporation into the process
of designating protection lands would add no land not already protected. It
should be noted that in any situation where other categories or sub-categories
should be added, the necessary parameters to reflect these would also be
added to the above list.

Values had to be assigned to each of the parameterxs that were chosen for
consideration in order to allow decision on the category into which any given
area of land should be placed. The values were chosen on the basis of judg-
ment given that the aim was to designate those areas best suited to the various
uses, considering the general character of the area under study. This last

point merits additional comment, as mentloned earlier, Land is positively
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placed in each of the various categories, except the multiple-use category -
into which land is placed by virtue of its having received no other designa-
tion, on the basis of its being the best suited for that use of the land in
the area under study, if it is justifiable to use land in that area for that
purpose at all. That is, if the suitability throughout an area were quite
low for a given use, that use would be abandoned in that area rather than
there being a recommendation that the best suited land in the area, though
nonetheless poorly suited, be relegated to that use., Therefore, as indi-
cated earlier, the parameter values that have been chosen reflect something
of an absolute as well as relative suitability for a given use.

Keeping this in mind, the following values for the parameters used in

this case were chosen:

1. Width of the water course cooridors - In oxder to be of sig-
nificant effect as a buffer that would keep developﬁent or
disruption away from water courses, as an ald to regulation
of stream flow and stream quality, and as a‘visual and per-
haps acoustical barrier enhancing the aesthetic and recrea-
tional appeal of water courses, it was felt‘that the protec-
tion corridor should extend 300 feet on either side of all
perennial channels and 100 feet on either side of all inter-
mittent channels, A 300-foot buffer strip along perennial
streams is to some extent arbitrary. However, it is felt to
be the least distance necessary for the buffer to act as a
filter for sediment and overland and subsurface pollutants.

It is also the approximate distance of wvisibility through
forested land and would protect the recreational value of
the streams and trails along their banks. Local vegetation,
slope, and soil type, of course, influence the exact buffer
width necessary to perform these functions,; but it was not
considered practical in view of the scale and precision of
available data to vary buffer width to attempt to correlate

with these factors.

Several precedents also exist for use of a 300-foot buffer
strip, including the following: the Plan and Program for

the Brandywine (1968); Wisconsin state law requiring setbacks
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along navigable streams (Laws of Wisconsin, 1965); the Miami
Valley Regional Planning Commission's plan for the Little
Miami River valley; and Rockland and Winnebago counties,
I1linois, regulations for building along water courses

draining over 500 acres.

Although intermittent streams don't always contain flowing
water, during heavy rainfall they can discharge large volumes

of sediment and pollutants to perennial streams, . Since the
largest amounts of sediment and pollutants are introduced into
streams in runoff following heavy rains, the significance of
protecting intermittent stream buffers in order to maintain

high water quality of the Eno itself is obvious. During mod-
erate storms, buffers along intermittent streams will allow more
water to soak into the ground instead of running off, A 100~
foot buffer strip is considered sufficient to perform these

functions.

Slope - It was decided after reviewing U. S. Soil Conservation
Service criteria and consulting with SCS personnel that any
slope over 25 percent should be placed in the protection cate-
gory. In fact, the SCS ratings refer to slopes in the 15 -

25 percent class as imposing a severe limitation for dwelling
construction, but it was decided to include in the protection
category only those slopes of 25 percent or greater as it was
felt that problems of erosion and instability would in general
not be severe enough in the case of most disturbances of slopes
of less than 25 percent to warrant their being set aside in the

protection category. It seems best that slopes in the 15 - 25

- percent class be controlled as to the use to which they are put

rather than set aside.

As to what the upper limit on slope should be in .order for an

area to be categorized as recommended for urban development (in
conjunction with the occurrence of several other characteristics)
it was decided that slopes of up to 10 percent would impose no
significant difficulties. These SCS ratings refer to the limita-
tion imposed by slopes of 10 percent and less on dwelling construc-

tion as being "none to slight" which, according to SCS criteria
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n

means any limitations are "easily overcome” and 'good perform-

ance and low maintenance can be expected."

Agricultural productivity = As an index for agricultural

productivity, the number of bushels per acre of corn that a
soil will produce was chosen, The basis for this choice was
that corn is one of the most common crops in the area under

consideration and probably serves as a better general index

for the fertility of the soil than do certain other special-

case crops that are common in the area, such as tobacco, 1In
other areas different '"index crops' might be more appropriate.
Figures on corn'producfion for the various soils found in the
study area were obtained from the SCS. Review of their figures
and conversations with personnel led to the choice of 90 bu.
corn/ac. as the level at or above which land would be recom-
ménded for agriculture. Within the area under study only one
soil gave a greater yield--100 bu. corn/ac., and a considerable
majority of the soils occurring there gave smaller yields.
Therefore, 90 bu. corn/ac. is a rather good yield relative to
the spectrum of yields found in the study area; ‘but further, as
is‘also required ‘as pointed out above, this is a substantially
good yield for the larger region in which the study area is

located. Given the desirability of growing such crops locally,

“then, 90 bu. corn/ac. was declared as the criterion for recommend-

‘ing that land be used for agriculture. It should be pointed

out that the agricultural productivity index and the forest site
index, discussion of which follows, are basically sufficient in

themselves as measures of the productivity of an area. They are

' statements of the observed productivity of sites of given charac-~

teristics. This represents the total effect of all factors that
bear on productivity so that it is unnecessary to consider such
an index together with other characteristics of a given area--

the index alone suffices, being in effect a composite value.

Forest productivity - The line of reasoning on which the choice
of a forest productivity index was based was comparable to the

reasoning behind the choice of the agricultural productivity
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index and so the common elements of the reasoning will not be
repeated. The criterion for recommending land to be used for
forestry purposes was a level of productivity represented by
a forest site index of 90 for loblolly pine, and as stated

above, this measure alone was felt to be sufficient for this

purpose.

The next three parameters, sub-soil permeability, shrink-swell
potential of the soil, and depth to bedrock, along with con-
siderations of slope, discussed above, and position with respect
to flood plains, further discussed below, were felt to suffi-
ciently cover the considerations that need to be taken into
account to generally recommend for urban development land that
is found in the area being studied. ‘An investigation of slope
covers considerations that pertain to topography, and position
with reépect to flood plains, those that pertain to surface
drainage., Sub=soil permeability’aataHadequately describe the
hydrologic properties of and conditions in the soil that are
important to urban development, and a study of shrink-swell
potential is sufficient to describe the pertinent mechanical
qualities of the soil. Finally, an investigation of depth to
bedrock covers about the only special geological problem that

is likely to be found in the area under study.

Sub-soil permeability -~ The minimum rate of sub-soil permeability
that was selected as allowing land to be recommended for the
urban development category was .63 - 2,00 inches/hr. The rea-
soning behind this choice was that although this rate was placed
in the "moderate" permeability class in the SCS ratings and it
would be more desirable to choose a higher rate as the criterion--
say, 2.00 - 6,30 inches/hr. which constitutes the '"moderately
rapid" class--it was found in examining SCS information that of
the soils occurring in the study area, no sub-soil had a greater
than "moderate' permeability. Rather than completely exclude
development on' the basis of sub-soil permeability, it was

decided to choose as the criterion this, the highest occurring

rate. This is not an ideal situation as such soils do present

‘some limitations, but these are neither severe nor insurmountable.
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Shrink-swell potential - In the soils found in the study area,
the shrink-swell potential of the soils below the "A" horizon
also presents something of a problem in that it is usually
moderate, frequently high, and sometimes very high according

to SCS ratings. Shrink-swell potential in the "A" horizon was
not taken into account since this horizon is usually rather

thin in the area and is consequently entirely removed in con-
struction such that footings and foundations are affected only
by sub-soil layers. A moderate shrink-swell potential is recog-
nized by the SCS as posing a moderate limitation to dwelling
construction. As some sub-soils that have a lower than moderate
(low or low-to-moderate) shrink-swell potential do occur in the
study area, it was decided to declare this--a lower-than-moderate
potential--as the criterion to be used; that is, at least some
portion of the sub-soill must have such a potential and none of

it may have greater than a moderate potential.

Depth to bedrock - The desirable depth to bedrock for urban
development was set at 5 ~ 20 feet or "very deep' according to
SCS ratings. The reasoning was that rock any closer to the sur-

face could cause considerable problems in almost any significant

~ excavation that might be carried out, as for basements or deep

foundations both of which must be allowed for in areas designated
for urban development. As a matter of fact, the SCS ratings
refer to bedrock occurring within 40 inches of the surface as
imposing a severe limitation for dwelling construction. There-
fore, the greatest depth class given for the area--'"5-20 feet'--
was chosen as being most desirable. It is true that in soils of
severe mechanical characteristics--e.g., with a very high shrink-
swell potential--it might be advantageous to have bedrock occurring
closer to the surface to provide a firm base for foundations, at
least where basements are not desired. However, it is felt that

provision should be made for facilitating deeper excavations in

~designating land as recommended for urban development. If another

prerequisite is the occurrence of soil of acceptable mechanical

characteristics-~which we have tried to provide for in the above
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choice of a shrink-swell criterion--then it would be unnecessary
to rely on having bedrock close to the surface which could be

used to provide a stable foundation.,

Position with respect to flood plains - Delineation of flood
plains was accomplished by reference to the appropriate U. S.
Geological Survey map of flood-prone areas which, according to
information printed in the margin of the map, shows ''those areas
that are occasionally flooded.'" It was felt that this source

of information was the best to use since (1) its purpose is to
provide information to "administrators, planners, and engineers
concerned with future land development," (USGS, 1951) and (2)

such maps are readily available,

The Method -of Data Gathering

At this point decisions have been made as to what types of data are to be

gathered, what values each of these types or parameters can assume, and what

things we want to show with this data. The next step is to develop methods of

handling the data on a computer and producing computer maps of each parameter

considered and an overall compartmentalization map. The question at this

point then becomes one of how the data will be gathered and handled in order

to carry through from our previous decisions to this final product.

1.

Base maps =~ For each parameter measured, information must be
obtained from a base map of the area in question which gives
that specific type of information. Due to the choice of
parameters that has been made, it is not necessary to produce
or obtain separate base maps for all of the various parameters.
The following were used as base maps in the example under
study: ,

a., Distance from the nearest water course = This informa-
tion was gotten from U. S. Geological Survey topographi-
cal maps of the area at a scale of 1:24,000 on which were
drawn corridors of correct widths to represent 300 feet
and 100 feet on either side of perennial and intermit-
tent streams, respectively,

b. Slope, agricultural productivity, forest productivity,

sub-soil permeability, shrink-swell potential, and
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depth to bedrock ~ Information for all of these parameters
can be gotten by using SCS field sheets as base maps.
Field sheets are aerial photographs upon which have been
recorded soil survey information which consists of delinea-—
tion of soil types and appropriate code designations.

Code numbers taken from the soil types that occur in the
area under study can be submitted to SCS personnel along
with a request of those types of information that are of
interest, such as the above. A report will then be furn-
ished that gives the value of each of the requested prop-
erties for each type of soil., 1In a few counties, soil
survey information has been presented in a publication on
the soils of the county-—complete with maps-~but for the
most part, survey work is not presently that far along,
and field sheets must be used. In many counties a com-
plete set of field sheets is not even available., In
Durham County where the study area is located a complete
set of field sheets is available, but this is not the

case in adjacent Orange County where the remainder of the
Eno River watershed is located. This lack of data made

it impossible to carry out a complete compartmentalization
of the whole watershed., Only the protection compartment
could be located in Orange County since it is the only one
not requiring detailed soils informatiom.

Position with respect to flood plains -~ As already men-
tioned, this information was taken from a USGS map of

flood~prone areas.

Various other base maps could come into use as other land
use categories and other parameters are included in given
situations. A number of these will have to be constructed
by the investigator such as those for scenic areas or cer-
tain ecologically unique areas since these things must be
determined by investigation in the field. Such field sur-

veys were performed for this study and were used to iden-

. tify the protection compartment.
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Overlays - Once all the necessary base maps have been assembled,
the information thereon must in some way be gathered for use in
the computer mapping program., The computer program is set up

on the basis of a scatter of data points covering the area to be
mapped at which points values of the parameters being mapped

are read in. Therefore, data must be gathered on the same basis
and the most obvious choice of techniques is the use of a
rectangular grid overlay which allows efficient and orderly data

collection.

Several matters must be considered in constructing and using the
grid. It is convenient to draw the grid on a piece of clear
acetate that allows easy reading of information from the base
maps when the former is overlaid on the latter. The grid is
easiest to make if it is drawn to consist of horizontal and ver-
tical sets of parallel lines as opposed to dots. Information is
then read from the points on the base maps falling below the
intersections of the lines. It may be more convenient to use a
separately constructed portion.of the total grid when working
with the separate field sheets when these are the base maps in

question; data readings could be referenced in to the total grid.

The next considerations are scale and placement of the grid.

The basic idea here is that the values of each of the parameters
being considered are read at a scatter of points that represent
actual points on the ground. Therefore, it must be made certain
that this is what is actually done as opposed to reading the
values of one parameter at one set of points, those of another
at a different set, and so on. Regard to two considerations
assures this. In the first place, either all base maps must be
at the same scale——this can be accomplished by means of a pro-
jecting enlarger if the maps actually obtained are at different
scales--so that the same overlay can be placed on all of the
base maps being used, or different overlays must be constructed
for use with base maps of different scales such that inter-
sections of the same coordinates on the various grids will

represent the same points on the ground when overlaid on the
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appropriate base maps. The second consideration is that as over-
lays are placed on base maps, it must be made certain that they
are always oriented in exactly the same fashion; otherwise, the
same grid coordinates will refer to different actual ground points
as taken from different base maps, The initial overlaying on the
first base map can be random; but all subsequent overlayings must

be of exactly the same orientation.

The final matter to be considered with respect to overlay con-
struction and use concerns the intensity of point scatter that is
desired. In the example study a grid consisting of 46 lines by

49 lines was used with the spacing between both vertical and hori-
zontal lines being adjusted to represent 1000 feet on the ground

when used with the appropriate base map. (In the example study,

- base maps of different scales were used necessitating different

overlays.) Thus, each intersection represented approximately
22.9 -acres. - It was felt that this was a sufficient intensity

when the intention was to include the entire FEno River watershed

~in the study area; other studies have used a similar intensity

(Patri, 1970). The choice of intensity of data points must be
determined by considering (1) how accurate a representation of the
distribution of values of the parameters measured a particular

intensity gives, and (2) what magnitude of task as concerns data

- gathering and computer and card keypunching is imposed by a given

intensity. The former consideration is the more important, but
the latter must be kept within the bounds of feasibility. For the
example study, 790 data points resulted; for the study area origi-

nally intended, there would have been 4224 data points.

Recording parameter values - Keypunching computer cards is greatly

facilitated if the data gathered from the base maps by means of the

“overlays is recorded in an orderly fashion. It is suggested that

the coordinates of the data points be listed according to rows
with the value of each parameter at any given point being listed

beside the appropriate set of coordinates., For example:
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Data point Parameter 1 2 3 4 5 6 7 8
4 - 5 3 0 0 5 1 9 9 o
4 - 10 3 0 0 0 1 0 0 O
4 ~ 240 etc.
8 - 5
8 - 10
etc.

(The reason that row numbers for data points are given in
multiples of 4 and column numbers in multiples of 5 will be
explained below as will the values that are assigned to the

several parameters for the purpose of computer mapping.)

The Computer Programs

I. Symap - Symap is "a digital computer program designed to‘produce syna-
graphic maps which graphically depict spatially disposed quantitative and
qualitative information' (Symap Inst. Manual, 1972), The program has been
developed by a number of different individuals over the last nine or ten years
and is presently available at the Triangle Universities Computation Center,
access to which was available for the example study presented here,

Basically, a Symap program as used in the example study consists of four
input packages of information in addition to a set of job control statements.
These are as follows: (1) a package of cards on which are punched the coordi~
nates of points that indicate the outline of the area in question, in this case
the portion of the Eno watershed in Durham County; points are chosen wherever
the outline changes direction (with the number of points being képt within
reason, of course), (2) a package giving the coordinates of all the data points,
i.e,, all the grid intersections falling within the area in question at which
data has been taken, (3) one giving the values of the information to be mapped;
that is, the value to be mapped at each data point, and (4) a final package
that specifies the type and form of the map produced.

This brings up a number of points that should be discussed. The first con-
cerns the relationship between the specified data points and the greater number

of map points or '"mon-data points' that are actually printed. One of the
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great justifications for Symap is that many more points are actually printed
out than are read in. That is, information is read in representing values at
a given number of points; the resulting print-out is composed of a more com-
plete coverage accomplished by means of interpolations between data points,
Standard line printers on which the maps are produced print out ten columns of
characters per horizontal inch and either six or eight rows per vertical inch;
in the example eight rows per inch were used. Dimensions for the printed map
were specified such that using the chosen data point intensity as established
by the grid overlay, data points occurred every 0.5 inch. For every data
point nineteen additional points or a total of twenty map points were actually
printed out in a pattern of fouf rows and five columns, Thus, in terms of the
total print-out, data points occurred only in every fourth row and every fifth
column, and this explains the numbering of data points demonstrated above,

As just mentioned, map point values falling between data points are
determined by interpolations between data point values., Three different basic
map types are available each of which handles the interpolation in a different
way and thus produces maps of distinctive form and information content.,
Briefly, these are as follows: (1) Contour maps - In this type of map con-
tinuous variation is assumed between the values which appear at known data
points, That is, if the highest of three values occurs at one data point
and‘the lowest at the next, the print-out will show an interposed band of
map points of the intermediate value between bands of points of the high and
low values. A(2) Proximal maps - In this type, each map point is assigned
the value of the nearest data point., (3) Conformant maps - In this final
type of map outlines of areas known to‘contain points all of the same value
are read in and every point within that outline is printed out at the value.
An area caﬁ consist of a block of some shape with width and breadth, a line,
or a single point.

The next topics that need to be discussed pertain to the values--repre-
senting the observed parameter values—-that are actually read into the program
and the syﬁbols representing these values that are actually printed out. The
values fead into the program were arbitrarily chosen one-digit numbers; i.e.,
0, 1, 2, 3, 4, 5, 6, 7, 8, 9. There is no restriction to one digit, but this
gave enough numbers to cover all the parameters used in the example. The

mapping program merely scans the range of values that are read in, divides the
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range into as many levels or portions as are‘specified, and assigns a symbol
to each level. Then, for each point on the map a symbol is pfinted out that
represents the level to which the value 'at that point--either established
directly by being read in if that point is a data point, or indirectly by
interpolation if that point is a non-data point--has been assigned. For
example, if the range of values read in is 1 - 5 and five levels of symbolism
are specified, then a different symbol will be printed out for each of the
values encountered. The symbols that are used in Symap produce fields of
different visual tones, symbols producing darker tones being assigned to
higher values. In the example just given, areas of value 5 would be darkest
and areas of value 1 lightest with a tonal gradient in between, . This fact can
be used, and was in the example study, to visually reflect a chosen hierarchy
of values; that is, protection lands appear darkest, agricultural lands the
next shade lighter, and so on down to general multiple-use areas which are
represented by the lightest fields.,

This demonstrates 'why the arbitrary values were chosen for use in the map-
ping program. It can be seen that it might be meaningless to read in the
values of several parameters that are measured in different units and which
are all to be combined in the same map. As a matter of fact, the values that
were assigned to the parameters in this case are not really actual values
but are statements of whether or not the parameter values fall within certain
ranges., The following is a list of the parameters considered, their actual
alternative value ranges, and their program alternative value assignments
(page 58).

A final matter that should be discussed pertains to which of the following
described map types were chosen for each of the maps produced. For the slope,
agricultural productivity, forest productivity, sub-soil permeability, shrink-
swell potential, and depth to bedrock maps, the contour type was used. TFor
all of these except slope, there were only two values so that no intermediate
values were interposed. In the case of the slope map, this could occur since
there were three values, but this was not felt to be unreasonable in the case
of a parameter-like slope which normally does exhibit continuous variation
between values.

The proximal map type was used for the final map. because six different
values were being mapped--reflecting the six different land use categories—-

and in that case continuous wvariation could not be assumed between values.
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Alt. Program

Parameter Alt, Value Ranges Values
Dist. fm. Water Course per.: <300' or >300' 9 0
interm: <100' or >100'
Slope (%) 0-10, 10-25, 25 6 7 8
Ag. Productivity >90 bu. corn/acre 5 0
<90 bu. corn/acre
For. Productivity »8.I. 90 for loblolly 4 0

<S.I. 90 for loblolly

Sub-soil Perm. >,63 inches/hour 3 0
<. 63 inches/hour

Shrink-swell Pot. ave. of less than mod. 2 0
» ave, of mod. or greater
Depth of Bedrock - »5 feet 1 0
<5 feet
Pos. w/res. to FP in or out 9 0

For example, it cannot be assumed that between "multiple-use land, construc~
tion excluded" (value, 5) and forestry land (value, 3) there exists a band of
land suitable for urban development (value, 4). The conformant type could not
be used here either, because the extent of the areas falling in each category
of use was not known until after the final program itself was run (see below).
The conformant map type was used to produce the maps of "'distance from
water course' and 'position with respect to flood plains." This was because
maps produced for these two parameters by use of values gathered by the grid
overlay would not be very usefﬁl as representations of river corridor and
flood plain areas. Because of the fact that data gathered in this is based on
a rectangular grid and because of the interpolation procedure, such repre-
sentations of these areas are quite splotchy and inaccurate, In order to give
a more acceptable representation, the greater accuracy of the conformant type
was utilized. This allows for the vertices of the river corridor and flood
plain outlines to be chosen at any of the points available within the map
frame as opposed to only at the grid intersections, in the manner of choice
of vertices for the outline of the total area.

II. The Auxiliary Program - The purpose of the auxiliary program is to

in some way review the values of all of the parameters at each of the data

points and then assign to each data point a value which signifies to which
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land use category that point belongs. The further up in the hierarchy of land
use a data point is placed, the higher the value it will be assigned by the
auxiliary program so that the hierarchy is reflected by tonal differxences in
the print-out, the higher the category, the darker the tone,

It was decided to be best to accomplish this final assignment of values
to the data points by means of a separate fortran program rather than by
attempting to add a sub-program to the Symap program. However, in order to
facilitate the effort, it was specified in the auxiliary program that the
output be in the form of cards onto which these final values are punched
rather than in the form of print out, and furthermore that they be punched in
the format required by Symap. '

The review of the parameter values occurring at-each data point by which
use categories were assigned was carried out by a series of "logical IF" state-
ments arranged in a certain sequence, as mentioned earlier, The idea was to
read all the data into a matrix in which each row represented the values of a
given parameter at each of the data points and each column represented the
values of all of the parameters at a given data point. The first row repre-
sented the "distance from water course' parameter; the second, the "slope"
parameter, and so on. Then, following the hierarchy of use categories that
has been established, it was first asked "IF" the value in row one, column
one, were equal to 9 (meaning that data point falls within the river corri-
dor) "OR" the value in row two, column one, were equal to 8 (meaning that data
point falls on an area of slope greater than 25 percent). If either one of
these two conditions were fulfilled, the program would then jump to a state-
ment that assigned to that data point the value 6 signifying that it belonged
in the protection category. If neither of these conditions were fulfilled,
it was then asked if the agricultural productivity parameter value were equal
to 5 so that it could be ascertained if that data point, not being assigned
to the highest ranking category, should be assigned a value that would place
it in the next highest. If so, the program would then jump out to assign
that value to the data point. If not, the inquiry was then made concerning
forestry, then urban development, then multiple-use with construction excluded.
1f by this time the data point had not been assigned a value placing it in
any of the first five use categories, it was then automatically assigned the
lowest value; i.e., 1 which, therefore, placed it in the general multiple=-
use category. Output from this program was then run through the Symap program

to produce a final land-use compartmentalization map.
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ENVIRONMENTAL INVENTORY OF THE ENO RIVER BASIN

Application of the method of compartmentalization described in the prev-
ious sectilon requires gathering a large amount of information on the environ-
mental characteristics of the land area involved. This type of information
must come from many diverse, uncocrdinated, and cften incomplete sources.

This section describes the methced of data gathering, the information obtained,
and the limitations of applying this method in areas where complete natural

determinant data are unavailable.

Land Use

The best sources of current land use data are recent aerial photographs.
The most recent complete flight of the Eno River watershed was the photography
taken for the ASCS in 1966. These photographs were used to make transparent
overlays showing several categories of land use. Orange and Durham counties
were refiown in late 1972, but the photographs were not available in time to
be used for this study.

Most of the Piedmont of North Carolina was heavily forested at the time
of criginal settlement. A great deal of these native forests were cleared for
agriculture during the past two centuries. As agriculture became less
intense in the Eno River area over the past fifty vyears, many abandoned fields
have reverted to forest cover., Figures 5 and 6 show the 1966 extent of pre-
dominantly hardwood and pine forests, respectively. It can be seen that over
50 percent of the land in the river basin is presently forested. Pine forests
usually represent land that has been abandoned from agricultural uses within
the past fifty years, while the hardwood-dominated forests normally occur on
sites that have been forested for a longer period.

Oosting (1942) reported that the last remnant of virgin timber in the
Eno basin was cut in 1941. Most of the forests of the area have been cut
over repeatedly and haphazardly with no proper forest management. Most of
the hardwood forests particularly are of low quality and have little immediate
commercial value. There are some areas of well-managed forest, however,
notably the Hillsborough and Eno divisions of the Duke Forest and a few other
commercial forests. Two operating sawmills in Hillsborough obtain most of
their timber from the surrounding area. The most valuable commercial species

are shortleaf and loblolly pine, and several productive and well-managed
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Figure 5. Mixed hardwood and pine-hardwood
forests in the Eno River Basin.

Figure 6. Pine-dominated forests in the
Eno River Basin.
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stands of these species are scattered through the Eno Basin. The potential
for highly productive forestry exists on many more sites as shown in

Figure 7, a Symap print-out of land with high site index for loblolly pine.
If these areas were well managed for pine, forest production could remain

a significant local industry.

Figure 7. Symap print-out of land with
high forest productivity.

Figure 8 shows the land in the Eno Basin that was in agricultural
production in 1966, The most intemsive agriculture occurs in Orange County
north of Hillsborough. The soils in that area are well suited for production
of tobacco which is the chief crop. The northern-most part of the watershed

is the only area in which agricultural uses occupy the majority of the land
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area. There is much less agricultural land in the Durham County portion of

the watershed due to its proximity to the Durham urban area.

Figure 8, Extent of land in agricultural use
in the Eno River Basin.

Most all of the land within the river basin, except for very steep
slopes, has been used for agriculture in the past. Agriculture has histori-
cally been the most significant productive activity in the area. A large num-
ber of productive farms remain, and the bulk of the population of northern
Orange County is still farm based. Many abandoned farms, however, have become
forested or have been developed in some way. Development of former agricul-

tural areas is occurring at a rapid rate in Durham County. While none of the
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soils in the Eno watershed are of outstanding productivity, proper soil man-
agement practices allow them to support many reasonably prosperous farms.
Agriculture still plays a major role in the economy of the area. It would be
a mistake, both socio-economically and environmentally, to allow land develop-
ment to eliminate agricultural production.

Figure 9 shows the most highly productive agricultural land in the Durham
County portion of the watershed based on the criteria explained in the preced-
ing section. This land should be protected from the encroachment of other uses
so that it will remain in production. The portion of land in Orange County that
would be placed in the agricultural production compartment would be higher,
since most of that area falls outside of the Triassic basin. It is not suggested
that any land not of this high productivity should not be used for agriculture.
Much of the land of lower productivity would fall into the compromise compart-
ment and should remain in agriculture so long as farmers can economically manage

to continue to farm it.

Figure 9. Symap print-out of land with high
agricultural productivity.
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Figure 10 shows the extent of intensive residential, commercial, and
industrial development within the Eno Basin in 1966. The area of development
has increased considerably since that time. Development exists mostly within
the Durham area, Hillsborough, and a few other small towns. Most rapid cur-

rent development is occurring in Durham County north of Durham.

Figure 10. Extent of intensive development in 1966.

Geology

The Eno River passes through two distinct geological formations as it
flows through Orange and Durham Counties. Figure 11 is a genmeral geology map
of the watershed. From its headwaters to slightly west of Roxboro Road in

Durham County the Eno flows through the Carolina slate belt, consisting of

slightly metamorphosed volcanic and sedimentary rocks that are tightly to openly
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Figure 11. Generalized geological map of the Eno River
Basin (Bain, 1966),

folded, faulted, and intruded by igneous plutons. As it flows through this
metavolcanic unit, the river valley is narvow and steep-~walled with frequent
rock outcroppings aleng the river and rocky rapids in the river itself, At
about the point where Roxboro Road crosses it in Durham County, the Eno
enters the Triassic Basin. The rocks of Triassic age consist predominantly
of sandstones, shales, siltstones, and conglomerates (Bain, 1966). These
softer rocks have allowed the river to cut a wide, flat valley, Near the
confluence of the Enc and Flat Rivers, the Eno encounters a diabase sill

which results once again in a more rugged topography along the river.

67
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‘Topography

With the exception of those areas along the river where it passes through
igneous rocks, most of the Eno Basin has a gently rolling topography with lit-
tle relief and few steep hillsides. The area is characterized by low, rounded
hills and relatively broad gently sloping valleys. The difference in altitude
between ridges and adjacent valleys is usually about 100 feet. Total drop
throughout the length of the river is about 400 feet (Putnam and Lindskov, 1973).

Figure 12 shows the areas of slopes in the basin that exceed 20 percent
for most of their length, The area of most steep slopes and generally most
rugged topography is an undeveloped section immediately east of Hillsborough.
This is the so-called "wilderness area" of the river basin and will be dis-
cussed in more detail later. TFigure 13 shows the Symap print-out of slope

classes in the Durham County portion of the watershed.

AN e~

Figure 12. Location of slopes in excess of 20 percent.
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Figure 13. Symap print-out of slope classes, Lightest
shading indicated 0-10% slope; intermediate
shading is 10-25%; and darkest shading indi~
cates greater than 25%.

Hydrology

Mean annual precipitation in the Eno River watershed is about 45 inches,
0f this, about 30 percent or 13 inches per year becomes runoff and subse-
quently streamflow. Maximum runoff occurs in late winter, aﬁd streams in the
basin are usually at their highest point then. From early April to mid-October
vegetative and evaporative demands exceed the available rainfall, and stream
levels show a general decline (Putnam and Lindskov, 1973).

In the Eno River at Hillsborough average flow is 63.0 cfs and the 7-day,
2-year minimum flow is 4.55 cfs. Near Durham the average flow is 79.5 cfs

and the 7-day, 2-year minimum is 8.90 cfs. Variation from the average is very
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wide, however, with very high flows following heavy rains followed by rapid
drop in flow rate. Much additional data on the hydrology of the Eno and its
tributaries are given by Putnam and Lindskov (1973).

Presently the Eno is used as a water source by Hillsborough and the Orange-
Alamance water system. Two major and one small reservoir on the river provide
this water. As shown in Figure 14, however, many additional reservoirs have
been proposed for the Eno and its tributaries. With the exception of the sedi-
mentation control pools above Lake Orange, most of these proposed reservoirs
are for water supply purposes., The clean water and relatively cbnstant flow
of the Eno and its fributaries make them well suited as water soutces, and it
is inevitable that they will supply most of the future water needs of central

Orange County. Durham has presently put the Eno at the bottom of its priority

Fxining Impuondnants

Figure 14. Map shoWing location of existing and all proposed
o ‘ or suggested reservoirs in the Eno Basin.
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list of water sources, so it is not likely to be used for that purpose in
Durham County until well into the next century if at all., If many of the
proposed reservoirs in Orange County are built and drawn from by that time,
there is not likely to be enough remaining available flow to. provide Durham's
needs, anyway.

Although limited in some areas, ground water i1s relatively abundant and
undeveloped as a major water source in most of the Eno watershed. According
‘to Putnam and Lindskov (1973), about two-fifths of the population of the
“upper Neuse River Basin, including the Eno Basin, use ground water with cur-
“.rent consumption being about 3.:to 4 million gallons per day. Nearly all of
the rural residents of the watershed are dependent upon :this water source,
and demands upon it are likely to increase.: The ground water resource of the
Fno Basin is vital to its future prosperity and is worthy of attention and

protection,

- Soils

The soils of the Eno River Basin fall into two general categories as
determined by the parent materials from which they were derived. Soils cover-
ing the metavolcanic slate and granite formations of Orange and northwest
Durham Counties are generally well drained with firm sub-soils. Soils of the
- Triassic Basin area more commonly have plastic sub-soils which limit. permea-
bility and result in poor drainage. Only those soil parameters discussed
under the mechanics of compartmentalization were analyzed in detail.

- Figures 15-17 show:Symap print~outs :of selected characteristics:of the
soils in the Durham County part of the Eno Basin.::The significance of the
‘various parameters to land use:suitability:and the ranges:of each variable
. placed in each suitability category -are discussed on pages 49-51 and summarized
- in the table on page 58. Most of the southeastern half of this area is cov-
ered by shallow Triassic Basin soils with less than five feet depth to bedrock.
' These 'shallow soils have very low sub-soil permeability, making them highly
. unsuitable for septiC‘tihk drainage fields, .Nearly :the whole study area is
covered by soils with.such a high shrink-swell potential that the SCS classi~

fies them as not recommended for building.
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Figure 15. Symap print-out showing classes of depth to bedrock.
Light shading is 5 feet or less, not recommended for
building. Darker shading indicates greater than 5 feet,

Biotic Communities

Vegetation of the Eno River Basin was examined at two scales for the pur-
poses of this study. The entire watershed was mapped with the broad classi-
fications of mixed hardwood, pine, and agricultural land as shown in Figures
5, 6, and 7, and discussed previously. 1In addition, the plant communities
within 1000 feet of either side of the Eno River were examined in detail with a
field survey. Detailed vegetation maps showing the composition, density, age,
degree of human disturbance, and characteristics of the understory were pre-
pared for all of the stands occurring within this 1000-foot corridor. Because
of the extensiveness of these maps and their accompanying legends, they are
not included in this report. Copies are available upon request from the Duke
School of Forestry.

Based on the vegetational study of the Piedmont of North Carolina per-

formed by Oosting (1942) six hardwood forest types--three upland and three
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T

Figure 16. Symap print-out of sub-soil permeability classes.
Light shading indicates sub-soil permeability of
less than 0.63 inches/hour, not recommended for
building. Darker shading indicates building
allowable.

lowland--exist in this area. The upland types include (1) white oak-black oak-
red oak, (2) post cak-white oak, and (3) blackjack oak-post oak. The lowland
types include (4) birch-sycamore, (5) sweetgum-poplar-ash-elm-red maple, and
(6) beech-maple-white oak-red oak. In addition, loblolly, shortleaf, and’
Virginia pines occur in pure or mixed stands. All of these forest types are
found within the Fno Basin and all were located and mapped within the 2000-
foot corridor along the river. Following is a description of each type, its
potential as wildlife habitat, and its characteristics in relation to differ-
ent potential land uses.

Although the postclimax Beech-Maple-Oak stand is considered to be the suc-
cessional dominant for the lowland site, various factors result in the growth

and continuous maintenance of secondary lowland stands. These factors are the
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Figure 17. Symap print-out of shrink-swell potential classes.
Light shading indicates high potential not recom~
mended for building. Darker shading indicates low

- to moderate shrink-swell potential,

continual flooding associated with the typical riparian type (Birch-Sycamore),
the abandoned lowland field succession associated with the poplar~sweetgum type
or pine types, and pure stands of the subdominants, such as walnut due to
planting or the local adaptability of a site to favor one species' growth.
Pure stands of tulip poplar were often observed.

The next section of this report will deal singularly with each of the

major overstory types listed on the vegetational inventory forms.

(1) White Oak-Black Oak-Red Oak \
This is the most widespread forest type in the Eno watershed, usually

beiﬁg considered the typical upland climax. However, in considering the area
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defined by a corridor 1000 feet wide on either side of the river, various low-
land, cove, and stream bottom subclimax types are more common. This type
occurs on a wide range of upland sites, except for very rocky, dry or shallow
soiled areas. Within the protective corridor, these species usually occur
along the top of the valley ridge, usually just within the corridor and
extending ‘well outside of it. The most common overstory species‘are white oak

(Quercus alba), northern red oak .(Q. rubra), southern red oak (Q. falcata),

and several hickory species (Carya tomentosa and C. glabra). Important asso-

ciated species in the overstory may be black oak:(Q. velutina) and scarlet
oak.(Q. coccinea). However, along the Eno River, black oak rarely reaches

. overstory proportion. .Common understory species include sourwood . (Oxydendron .

aboreum), dogwood..(Cornus florida), blackgum .(Nyssa .sylvatica), red maple
(Acer rubrum), and various Viburnum species. ',

This type has fairly high stability and resistance to disturbance from
“use (depending to some extent on local soil variations). Because it is a
climax type, it would be expected to renew-itself, and minor disturbances
would likely result in a 'new stand of roughly the same composition. Species
diversity is fairly high. . Generally speaking, however, habitat and visual
diversity are low to medium, depending on topography.

Stands of this type are generally aesthetically pleasing if the trees are
large. Otherwise, they may be monotonous if there isn't éignificant:topo—
- graphical variation. The understory of mature stands is normally attractive
being open and free from honeysuckle, briars, and blackberries; therefore, not
presenting a barrier to use. This type is especially pleasing in the spring-
. time when the dogwoods are blooming and during the period of fall coloration.

. This type, throughout the watershed, is of intérmediate.value for com-

mercial forestry, depending on the size and quality of the trees. No wide~-
spread cutting should be permitted within the protective corridor.:  Large
oaks have a high potential value but do not occur in sufficient quantity due
to the relative young age of most stands and depletion of gene pool over time.
‘Hardwood silviculture is not very well developed in the South, but selective
cutting should be possible. if this is truly a climax type. Clear cutting is
. generally not compatible with other uses since it :is likely to result in a
‘dense, brushy. regrowth that will require a long time to again .approach

maturity.
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In view of its high stability, resistance to disturbance and use character-
istics, this type is the most desirable of any in the region for most uses.

It can be maintained in a fairly constant condition with a minimum of
manipulation.

The greatest significance of this forest type in relation to wildlife is
mast production. The importance of mast cannot be overemphasized. Mast is a
primary winter food of forest game in the South, including deer, turkey,
squirrel, bear, and certain waterfowl. Mast, particularly acorms, is a rich
source of energy--the only such source available through winter months in
many areas. Mast crops are variable from year to year, and animal popula-
tions, productivity, body weights and general body condition are often di-
rectly related to the fluctuation in mast supplies.

The white oak-black oak-red oak forest type is usually an ideal squirrel
habitat when a wide variety of heavy and light seeded species are present.

The variety assures a more stable food supply and reduces the frequency of
fluctuations in populations typical of Oak-Hickory sites. The age of the
hardwoods is normally directly proportiocnal to the squirrel population. The
white oak itself is sometimes referred to as the "ideal" tree for squirrels
because its acorns are choice food and older stems develop excellent dens.
However, pure stands are not ideal squirrel habitat due to the cyclic nature
of mast crops, and because a high proportion of the trees never bear fruit.

This type could offer some potential as wild turkey habitat depending on
site quality and the.geheral nature of the stands. . Yields of forage, fruit,
and insects depend upon open crowns with ample light space. Unless this over-
story prevails, the needs of the turkey probably won't be fulfilled. 1In
addition, without some interspersion of pineg the need for roosting, winter
cover, and escape cover will not be met. On poor sites where stands are sparse,
nesting and brooding range are usually ample, but on better sites with vigor-
ous, fully stocked stands these areas are non-existent and can be established
only by creating permanent openings.

Generally speaking, oak-hickory types are suitable for deer although,
again, the capacity varies widely with stand conditions., Mast is the primary
overwintering food with understory browse, fruit, and forage serving as
reserves. In this area, browse tends to be seasonally .deficient in protein and

phosphorus and seldom exceeds body maintenance requirements of deer. Thus,
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even where ample amounts of understory browse are available, deer may still
be poorly nourished., Various regeneration cuttings and thinnings may be
helpful in this forest type in improving the deer herd.

Other species such as fox squirrels, quail, rabbits, doves, and water-
fowl could be present in situations where the forest type borders on open
areas. Many species of songbirds (e.g., rufous-sided towhees, warblers,
titmice, chickadees, nuthatches, and woodpeckers) are present and occupy dif-
ferent strata from the canopy to the ground layer. Also, several predatory
animals surely exist such as great horned owls, foxes, mink, weasels, and
raccoons. Scavengers such as opossums and skunks are undoubtedly present as
well as a small mammal population which would include several species .of

mice, shrews, and moles.

(2) Post Oak~White Oak

Throughout the Piedmont this type appears to be a subclimax of the oak-
hickory forest. However, within the protective corridor of the Eno River,
due to the topography, soil types, and proximity to :the water table, this
type does not appear frequently.

Post oak:(Q. stellata) is the most common overstory species, with white
oak and hickories occurring in lesser numbers, . Both the overstory and under-
story tend to be more open and bushy than in the oak-hickory type. . Black
oak, poplar, sweetgﬁm, red oak, and hickories occur in the understory. Due
to the greater openness, Virginia and shortleaf pine are fairly common in both
the over and understories.

This type is generally stable in the absence of disturbance. Due to the
already low site quality, it is probably more susceptible to site degrading
disturbances than are the better-site hardwoods. Tree species diversity is
low, but the diversity of shrubs and vines is normally higher than in the
other upland types. Unusual xerophytes such as the ferns Cheilanthes
tomentosa and C. lanosa occasionally occur, Habitat and visual diversity are
normally low, but rock outcrops provide exceptions.

Within the corridor, post oak-white oak stands provide a striking con-
~ trast with the denser upland and lowland stands. The dark green, cruciform
leaves of post oak heighten the visual effect of this medium-sized tree.
Shrubs and woody vines may be dense and difficult to penetrate; but generally,

the understory is extremely open. Honeysuckle is usually absent due to the
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dryness of the site. Recreational potentials for uses other than hunting is
usually low, although trails through this type provide interesting contrast.
Stands .of this type present a very low potential for commercial for-
estry. Cutting of any type is likely to result in increased brushiness and
decreased potential for other uses.: Cutting is generally not recommended.

- Both post oak-white oak and ‘blackjack oak-post oak types will support a
moderate population of small game. Mast yields tend to fluctuate greatly from
year to year, and the overall carrying capacity for wildlife is lower than
in stands on better soils. = Deer populations would also be expected to be
lower due to the higher proportion of unpreferred browse. Many of the same

small mammals mentioned above are also likely to be present in these types.

(3) Blackjack Oak - Post Oak

'This is an uncommon hardwood type (appearing only once within the pro-
tective corridor) occurring on such sites as dry south facing bluffs, thin-
soiled areas around rock outcrops, and on Orange and Iredell soils with an
impervious clay stratum a few inches below the surface or on extremely eroded
soils of other types. Post oak and Blackjack oak (Q. marilandica) predominate
with white oak. Southern red oak and Mockernut hickory are associates in the

overstory. Red cedar (Juniperus virginiana) is common as an understory or

minor overstory component. Shortleaf pine (Pinus .echinata) was found in

small numbers in the overstory and understory. Dogwood viburnums and persi-

mmon . (Diospyros virginiana) are common in the understory. Shrubs are

infrequent.

Site stability is marginal, in the sense that the site can hardly be
degraded any further. . The chief value of this type is as a cover crop,
because any disturbance may result in the formation of a totally sterile site.
Natural change in species composition is likely to be extremely slow,

Stands of this type are very open and irregular. The trees tend to be
gnarled and shrubby, rarely exceeding 30 feet in height. The tendency for
blackjack oak to maintain dead branches all the way to the ground results in
an unpleasant appearance and difficulty in penetrating the stand. There is no
value for commercial forestry. Except for visual contrast, some biological

interest, and cover, stands of this type are of little value.
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(4) Birch-Sycamore

- This is a typical early successional flood plain type occurring in nar-
‘row strips along the river and its major tributaries. It occasionally occurs
in larger‘standS‘in‘extremely‘wet‘lowland‘areas. For the purpose of this
report, it is noted that a riparian strip extends the length of the river.
Only in those areas where this type exceeded the boundaries of the riparian
strip was it characterized as a singular stand.

Both of these species are fast growing and may reach large size while

still relatively young. Sycamore is one of the largest of the eastern hard-
wood trees and commonly attains a height of over 100 feet and a diameter of

3 to 8 feet. The overstory is dominated by river birch (Betula nigra)

and/or sycamore (Platanus occidentalis), usually of fairly low density.

Hackberry (Celtis occidentalis) may be an associate on rich moist alluvial

soils. . The understory indicates the transitory successional nature of this
type, consisting of mixed bottomland hardwoods, usually including red maple,
sweetgum, green ash, yellow poplar, and elms. Of the true understory species,
dogwood, ironwood, and red cedar are often present. Shrubs and vines are
often abundant, including button bush,‘elderberry,‘honeysuckle; similax,
poison ivy, and trumpet vine.

" ‘Because this type is an early successional stage occupying riparian sites,
it is highly unstable and short lived. In wet sites not frequented by flood
waters, this type serves only as a seral stage.  The sycamores and birches
cannot reproduce under their own dense shade and other more tolerant species
such as sweetgum and poplar dominate in the understory and eventually replace
sycamore and birch in the overstory.

Repeated flooding and the resulting soil disturbance will result in the
perpetuation of the type. The overstory diversity is quite low, but there may
be a fairly high number of trees, shrubs, and vines in the understory., While
large old sycamores and birches may be beautiful from the river over which
they often form an arching canopy, the interior of these stands is usually
very dense and unpleasant. The great abundance of ‘intertwining vines such
as honeysuckle, similax and poison ivy often make penetration almost impos—
sible.  Even well-worn trails are quickly overgrown. Thus, the suitability
for most recreational uses is .quite low. .In spite of this, this type tends

to be heavily used by fishermen and others seeking access to the river.
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Neither river birch nor sycamore is of great commercial significance,
and their usual occurrence along stream banks dictates against cutting of
this type. The dense undergrowth and mass of shallow roots is of signifi-
cant value in stream bank stabilization and filtering of runoff.

This forest type is moderately productive for wildlife, especially
songbirds. It supplies understory fruit, nesting sites, and escape cover
for songbirds, quail, and some waterfowl such as wood ducks. A moderate
population of deer and rabbits may be present. Some stream~based furbearers

such as raccoon, mink, weasel, beaver, and muskrat are likely to be found,

(5) Poplar~Sweetgum~Ash-~Elm-Red Maple

This bottomland mixed hardwood type is the most common type on flats
along the river and its adjoining tributaries. It is not the climax for
lowland sites but is a variation on sites that are poorly drained but are
without standing water the majority of the time. Birch and sycamore are often
present as holdovers from earlier successional stands. Sweetgum and yellow

poplar tend to be the most important species in the early development of this

- type with the addition of ash, elm, and red maple coming later.

Pure stands of poplar and/or sweetgum may be found on moist, well-
drained, loose-textured soils of moderate depth. Willow oak (Qf Ehellos)
is a component of older stands. On deep, rich, moist soils, walnut

(Juglans nigra) becomes an associate species. Several walnut groves were

found, apparently being started by the burying of seeds by squirrels.
Similarly, hackberry, swamp chestnut oak (Q. michauxii) and shagbark hickory

(Cary ovata) may be associate species. Hornbeam (Carpinus caroliniana),

hophornbeam (Ostrya virginianna), and red mulberry - (Morus rubra) with an
interspersion of red cedar and dogwood form the typical understory. The
most common shrub species are downy viburnum and elderberry with deciduous
holly and eastern wahoo often present. Woody vines (trumpet vine, Virginia
creeper, grape, honeysuckle, similax, and poison ivy) are abundant.

Although the individual species of this type are generally not long
lived, their ability to sprout, produce abundant seeds, and reproduce in
their own shade make the type highly stable. Since these species are adapted
to withstand frequent flooding, they are fairly resistant to disturbance.

The typical mixed nature of the stands, together with the high density of

shrubs and vines; result in high species diversity--perhaps the highest of
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any type in this area. Since stands usually occur on flood plain flats,
visual and habitat diversity are normally low.

The ‘large trees and dense stands of these bottomland mixed hardwoods
are often of high aesthetic quality, although young stands may be very dense
and impenetrable. More than any‘other,type, these bottomland hardwoods
‘create an enclosed canopied landscape effect that can present a striking con-
trast to the openness of the river. Dense undergrowth, while it adds to the
overall jungle-like effect, may at times obstruct vision and make penetration
~difficult. = Its understory tends to be less dense than the understory of the
birch-sycamore type. . Potential is fairly high. for such recreational uses
as hiking, river access, and limited development for picnic and camp sites
on well-drained sites. It is .difficult to keep the undergrowth under control
without extensive and repeated clearing. _

The lush understories typical of this type furnish abundant supplemental
food as well as cover and concealment fog foraging wildlife species, although
‘den  trees are sometimes limited.:@ Dogwoods and Wiid grapes are particularly
important fall and winter foods. Red maple flowers, buds, and seeds are very
- important spring foods. .

Fox squirrels, quail, and turkey are sometimes present in small to
moderate numbers depending on the stand condition. The area would possess a
good population of songbirds due to the relatively dense understory. Small
mammals (mice, moles, shrews, chipmunks, etc.) would ogcupy’the ground and
‘herbaceous layers, while other fur bearers and predators are distributed

throughout the forest.

 (6) Beech-Maple-White Oak-Red Oak

This type occurs on sites of deep, rich, well-drained soil with minimal
disturbance. Stable talus slopes below bluffs or terraces above moist flood
plains are the most common sites. Since these areas provide rich soil for
agriculture, many of them have been .cleared and .cultivated.  Few mature

stands of this type exist along the Eno. Beech (Fagus grandifolia) is the

most characteristic species, although it is usually not as abundant as white

.oak, red oak, sweetgum, and southern sugar maple (Acer barbatum). Willow

oak, yellow poplar, and shagbark -hickory may alsoc be present,  Sugar maple
usually dominates the understory along with dogwood, deciduous holly, horn-
beam and hophornbeam. = Shrubs are infrequent, with viburnum species being

the most common. Woody vines, especially grape - and poison ivy are abundant,
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This type is normally very stable successionally. However, it is probably
not as resistant to disturbance as some other types, because of the shallow
rooting systems of some of the species. It is intermediate in species diver-
sity and, because of the small size of the stands, is low in habitat and
visual diversity, Often mountain laurel and rhododendron were found on slopes
adjacent ‘to this type.

The presence of beech and other large trees make this type perhaps the
most aesthetically pleasing of any of the forest types. Large trees, con--
trasting back patterns, and a dense maple canopy create a unique effect, In
open stands the understory may be dense, but as the canopy closes with age, the
forest floor becomes very open.: This type presents a particularly striking
contrast to the typical upland and lowland types which border it. Because of
its natural beauty and openness, this type is favored by recreationalists
and would appear to have a high potential for use. However, this type is
sufficiently unusual and delicate that efforts should be made to protect the
few remaining examples within the corridor. Older stands would make exceptional
camp sites as they often extend up to the top of the valley rim and are
extremely open. One can only hope that man can withstand the temptation to
carve his accomplishments onto the smooth grey bark of the beech tree.

This forest type is probably the best squirrel habitat in the area due
to the wide variety of preferred food species it contains. Squirrel popula-
tions are likely to be high and stable. Quail,idove, and waterfowl populations
are also likely to be high. The heavy maple understory is a favorite deer-
browse and could support a moderate to high population, The overall wild-
life value of this type, however, is limited due to the small size and infre-

. quent occurrence of mature stands.

(7) Loblolly Pine

Loblolly (Pinus taeda) is a medium to large-sized tree, 90 to 110 feet in
height and 2 to 2 1/2 feet in diameter at maturity. It grows on a wide
variety of sites but reaches maximum growth on those soils with deep topsoil,
plenty of moisture and poor dralnage. Within the protective corridor of the
Eno, loblolly is a relatively infrequent species, occurring primarily in
plantations or as a pioneer species in old fields. It tends to form pure
stands in these ‘instances. Loblolly pine was found as a minor associate in
stands of Virginia and shortleaf pine. Loblolly was also feund as a holdover

species in mixtures with sweetgum, ozks and hickories.
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The understory in pure stands is open, often maintaining the character-
istic furrows of the old field it replaced. In stands mixed with hardwoods,
the understory takes on a splotchy appeérance, becoming less open. The
understory speciles are characteristic of the overstory hardwood type. Honey-
suckle may be impenetrable,

. Because loblolly pine is the leading commercial timber species in the
South, many stands have undergone extensive cutting, and the majority of
the large trees left are marked for cutting. The most disturbed areas in
the corridor are those in which the pine has been cut out and a thicket of
honeysuckle and briars has quickly overgrown the stumps, roads, and ruts.

Loblolly is commercially important for lumber and pulp. The stands are
the most aesthetically pleasing of the Southern pines in this area due to the
long, straight boles of the trees which. terminate in the long needles of the

crown.

(8) Shortleaf Pine

Shortleaf (Pinus echinata) is a medium sized .to large tree, 80 to 100

. feet high. It is more adaptable to drier and finer textured soils than lob-
lolly is. Mixtures of loblolly and shortleaf are freqﬁent within the
corridor. Pure stands of shortleaf occur on dry upland soils which are
neither highly acidic nor strongly alkaline. Shortleaf may also occur in
mixture with Virginia pine, red cedar, white oak, red oak, post oak, chestnut
oak and mockernut hickory. On soils containing more moisture, poplar and
sweetgum may also be associates.,

Due to the openness of the canopy, the understory is usually medium to
dense. - Lowland hardwoods are the characteristic understory, coupled with
varying densities of honeysuckle, depending on the moisture available to the
site.

Shortleaf pine is also a pioneer species in gbandoned fields, ..It is an
important timber species in. this area and like loblolly has been extensively

“cut within the corridor. . Stands are generally less aesthetically pleasing
- than loblolly stands due to the denseness .of the understory and the openness

of the crown.

(9) Virginia Pine

Virginia pine (Pinus virginisna) is usually a small tree about 40 feet

high and 12 inches in diameter at breast height., It is found on a variety of
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soils, but it seems to do best on clay and sandy banks alohg the upper edge
of the protective corridor. It occurs in pure stands in revegetated old
fields and is successful as' a pioneer species in highly disturbed soils.

The side branches usually persist for several years after death, thus giving
the understory a very scrubby and unattractive appearance.

Throughout the corridor, Virginia pine was found in mixtures with short-
leaf and/or loblolly pine. It is less frequently found in mixtures with upland
and lowland hardwood types. Within the corridor along the east and west
forks of the river in Orange County, pure stands of Virginia pine occur on
dry, eroded, previously farmed sites. Common understory species include other
pionéer species and lowland hardwoods. On extremely dry sites upland hard-
woods may be found in an open‘underétorya

Virginia pine is not important commercially for timber because the wood
is very knotty due to the persistence of the side branches, However, the wood
is durable in contact with the soil and is, therefore, utilized for posts and
pilings.  The only commercial uses are as pulp and firewood.

Pure stands are aesthetically unpleasing due to the scrubby appearance
of the tree itself, its inability to prune itself, and the density of the
understory. It is important because of its rapid grawth (so0il cover) over

abandoned agricultural land.

(10) - Unusual Vegetation

In addition to the common Piedmont vegetation types described above,
several plant communities exist along the Eno that are uncommon in the Pied-
mont or are more typical of other ‘areas such as the Appalachian Mountains.
These unusual communities include those containing large numbers of rhodendron
and mountain laurel, a few stands dominated by chestnut oak, the ring
phenomenon of beech, and a community of mountainous species found in the area
known as the Panther's Den.

One associates the occurrence of mountain laurel (Kalmia latifolia) and

rhododendron (Rhododendron catawbienses) with the moutainous areas of western

North Carolina. Some stretches of the Eno valley, however, have a high
frequency of laurel and rhododendron. The length of the river between Cole
Mill and Roxboro roads have a steep valley wall with frequent rock outcrops
along the south side of the river which support large and showy stands of
these plants. Another notable occurrence is in the Panther's Den area near

Hillsborough.
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Chestnut oak (Quercus prinus) is another species typical of the southern

Appalachians. It was found in an almost pure stand on a poor upland site
immediately east of Highway 70 east of Hiilsborough. This was the only
recorded occurrence .of chestnut oak within the mapped corridor.

- The occurrence of beech as a part of the beech-maple-white oak-red oak
type has been described above. Whenever beech was a major compoment of such
stands, it occurred in a narrow band slightly above the level of the flood
plain and following the contour to form a ring along the adjacent hillside.
This phenomenon may be explained by the specific site requirements of beech
in this sub-eoptimum portion of its range. It requires a weli—drained, moist,
humus-rich soil and is, thus, limited by periodic flooding on the one side
and ‘too little soil moisture on the other.

The Panther's Den immediately across the river from western Hillsborough
is an area of steep, north-facing bluffs., It is occupiled by a mountainous
type vegetation containing some of the species mentioned above as well as
several other mountainous species that have been found in only a few sites in

the Piedmont.
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TANDSCAPE COMPARTMENTALIZATION OF THE ENO-RIVER BASIN

The objectives of this study were to explore the feasibility of land-
scape compartmentalization and to develop techniques for its achievement in
the Eno River Basin. This section describes the results of the application
of the previously described methods to the Eno Basin itself. As explained
above, however, the data on soil characteristics necessary for complete com-
partmentalization were unavailable for Orange»County at the time of this
study. . Therefore, a complete compartmentalization map could be prepared for
only the Durham County portion of the watershed. The Protective Compartment,
which does not require detailed soils data for its delineation, was identi-
fied and mapped for the entire watershed.

The following guidelines were used asyobjectives of the compértmentali—
zation process in the Eno River Basin: -

1. accommodate as much development‘as'economic and population

pressures demand so long as it is compatible with the main-
tenance of environmental quality;

2. guide development into those areas best suited for it and

away from areas better suited for other purpoées;

3. provide adequate outdoor recreation sites;

4, maintain highly productive lands in productivity;

5. maintain the following parameters of envirommental quality:

a. clean water in the Eno (at least A-II):

b. an aesthetically pleasing overall iandscape;

c. enough natural vegetation to maintain the services
that natural ecosystems provide;

d, as large and as balanced a wildlife population as
is consonant with the degree of development present;

e, preserVation of unique, unusually beautiful, and
scientifically important areas; and

f. preservation of historic and other culturally signi-

ficant sites.

Protective Compariment

As described previously, the Protective Compartment includes those areas

that must be protected from any intensive use in order to maintain envirommental
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quality.

When environmental quality is defined in terms of the factors listed

previously, the land characteristics pertinent to its preservation include:

1.

2.
3.
4,
5.

1.

proximity to the river and its tributaries;
ecological  significant;
aesthetic quality;

historic and cultural significance; and

“recreational potential,

As explained in the previous section of this report, a basic
protective corridor was established along the Eno and its
tributaries. - This corridor extends 300 feet on either side

of the main river and all of its perennial tributaries and

100 feet on either side of all intermittent tributaries.

This basic protective corridor is illustrated in Figure 18,
All of the buffer strips comprise about 15 percent of the
total land area in the river basin.

The ecological significance of an area depends upon its
floral and faunal composition and the integrity and opera-
bility of the ecosystems occupying it. Areas which contain
unusual plant species or wildlife which have high species
diversity and/or high ecological stability which are largely
undisturbed natural forest stands or which are occupied by

large contiguous tracts .of forest are all of high ecological

- gignificance in the Piedmont area. As part of the initial

stages of this project, a numerical rating system of ecologi-
cal significance was developed based upon these factors.

It was soon realized, however, that a field survey of each
plant community was necessary in order to calculate a mean-
ingful numerical index. Since this was not practical for

the entire 90,000 acres of the Eno River watershed, the method
was not used in this study. It will, however, be reported in
a separate publication. A detailed vegetative survey was
carried out on a strip of land extending approximately 1000
feet on either side of the Eno River, The details of this

survey are briefly discussed above and will be further des-

~cribed in another separate publication.
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Figure 18. Basic streamside protection corridor of 300 feet
on either side of all perennial streams and 100
feet on either side of intermittent streams.

As a result of the detailed river corridor survey, a much
less detailed reconnaissance of the entire watershed, exami-
nation of aerial photographs, and discussions with botanists
familiar with the area, it was concluded that most of the
ecologically significant areas were included in the basic
protective corridor of Figure 18. The only additional area
that should be included in the protective compartment
because of its ecological significance is the very large
undeveloped and essentially unbroken forested area east of

Hillsborough previously identified as the Eno "wilderness"
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area., This area is shown in double cross-hatching in
Figure 19. Although the forest in this area has been cut
over in the past, most of it has not been extensively dis-—
turbed recently. Upland hardwoods cover most of it and
provide excellent wildlife habitat where wide-ranging
species such as deer and turkey can survive, The area is
broken only by a power line right-of-way and a few jeep
trails, giving it a high potential for future recreational
use. The Research Triangle Regional Planning Commission

recommended in its Regional Development Guide (1969) that

this area remain in undeveloped open space. It would pro-

vide an excellent central area for the Eno River State Park.

@z Interesting Vegetation

A Quarry Site

Forested Tract Under Development

% Forested Tract Undeveloped
m Svortleaf Pine Stand
- Bluffs

. Protruding Rocks In River

Seenie View

Figure 19. Map showing location of significant geological,
‘ecological, and scenic areas along the Eno River.




Aesthetic quality is a somewhat subjective variable and is
difficult to rank in any meaningful way. No .attempt was made
to comparatively rank areas for their aesthetic appeal, but
outstanding areas such as scenic overlooks, steep bluffs, dra-
matic rock outcroppings, and masses of showy-flowered plants
such as rhododendrons and laurels were located to the greatest
extent possible.,  These are shown in Figure 19. = Once again,
it appeared that most of the areas of high,aesthetic‘quality
would be included in the basic stream-side corrider system

so that it was not necessary to include any additional areas
in the protective compartment to. protect aesthetilc values.,

The Eno River Valley was the site of most of the early settle-
ment and development in the Durham-Hillsborough area; and
thus, it contains many sites of historic significance. Over
30 mill sites have been located along the Eno by local his-
torians. Remains of some of them are still evident..  The

major mill sites-are shown in Figure 20, Other significant

. historic buildings include many of the old houses in Hills~-

'V-borough'S’historic district, the Bennet Place on the outskirts

of Durham, and the Fairntosh Plantation northeast of Durham.
With the exception of these latter already protected historic
buildings, most of the significant historic sites are also
included in the stream-side corridor. v

Hiking, swimming, rafting and canoeing, fishing, and hunting
are all common activities along the Eno River. Major river
access points and trails are shown in Figure 20. While‘hik—
ing and hunting are certainly available in many areas in the
watershed, the other activities are restricted to the river
itself. . Thus, provision of this type of popular outdoor

recreation within the basin depends upon protection of the

 Eno, its major tributaries, and the woodlands adjacent to

them. . The 300-foot protection corrider would provide for this
activity to some extent,. Selection of the 300-foot width of
this corridor, however, was not made with recreation as a
major consideration. For most types of recreational activity

a wider protected corridor would be more desirable.

91
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Figure 20, Map showing location of major historic and
recreational sites along the Eno River,

If recreation is to be one of the major reasons for protect-

ing land from development within the Eno Basin, a corridor

1000 feet wide on either side of the Ene would be more appro-
priate. Figure 21 shows the protective corridor system with
buffer strips of 1000 feet along the main river, 300 feet

along perennial tributaries, and 100 feet along intermittent
tributaries. This area, together with the "wilderness" area
shown in Figure 19 would comprise the total Protective Com-
partment. All together, this constitutes about 25 percent

of the total land area in the watershed, still well below Odum's

recommendation of 50 percent for the Protective Compartment.
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Figure 21. Streamside recreational corridor of 1000 feet on
either side of the Eno and the basic protective
corridor on other perennial and intermittent
streams. ‘

While it is certainly not advocated that this should be the only
forested area within the watershed, it is felt that protection
of these areas would provide substantial recreational opportuni-
ties and hélp maintain those parameters of environmental quality
listed previously. It would provide an interconnected open-
space network that would be totally interspersed with other land
uses and would go far toward keeping the Eno River Basin a plea-

sant and satisfying place in which to live.
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Total Compartment Map

Figure 22 shows the total compartmentalization map printed by the Symap
program using the procedures described in the previous section. The print-
out is splotchy and difficult to interpret due to the nature of the proximal
mapping procedure used to produce the final map. This difficulty was overcome
by outlining by hand areas composed of mostly the same land suitability
classification. The interpreted final compartment map is shown in Figure 22,

In the final map the Protection Compartment forms a basic framework around
which other land uses are located. Because the protected areas are the least
amenable to any sort of manipulation, they should be considered the fixed ele~-
ments of the land use pattern. 1In contrast, there can be a limited amount of
trading back and forth among certain of the other uses in order to establish

reasonable patterns.
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Figure 22. Interpreted compartmentalization map of the
Durham County portion of the Eno River Basin,
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The greatest amount of land within the compartmentalized portion of the
watershed falls within the Multiple Use Compartment. This is to be expected,
since the purpose of the method is to locate those areas that are ideally
suited to each particular use. It is likely that in any area a large propor-

~tion of the land will have some limitations for most uses. . Due to the defi-
nition of the Multiple Use Compartment, however, this land is not eliminated
from all other uses but is available for nearly any prospective use subject

to individual site conditions that can be determined only by more detailed
 field examination.  Thus, if land use demands dictate the necessity of greater
areas of land for some specific use, the Multiple Use Compartment is the

area. from which such land could be drawm.

The next largest area is designated for imclusion in the Productive
Compartment, with most of this falling into the agricultural category.

There is a fairly large amount of productive agricultural land within the
Eno watershed as evidenced by the role which‘agriculture has histerically
played in the economy of the area. There is a much smaller area of land
indicated most suitable for forest production. ‘While this area is too small
to warrant any intensive forestry in the area, it is certainly advisable to
retain these areas in forest. They can be of economic significance to
individual owners as well as providing wildlife habitat and additional open
space.

A very small amount cof land is designated as being best suited for urban
development. This is an apperent anomaly in an area that is already being
developed fairly rapidly. Examination of the separate maps of each parameter
considered indicates that the chief limiting factor to urban development is
shrink-swell potential of the soil., Since the method is constructed to indi-
cate only ideally suited areas for a given use, this one factor was sufficient
to eliminate much land from the Urban Development Compartment, . Much of the
land falling within the Multiple Use Compartment could be used for urban
development if the shrink-swell problem is recognized and accounted for by
proper building practices. This point illustrates once again the necessity
for more detailed examination of individual sites before final land use

decisions are made.
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Comments and Conclusions

This application of the landscape compartmentalization method to a
specific land area has demonstrated both its general feasibility and the prob-
lems likely to be encountered in its use. A generalized compartment map was
- produced by combining the suitabilities and limitations provided by several
environmental parameters to a range of prospective land uses. The resulting
map is by no means a land use plan but simply indicates the "limits and
opportunities imposed by nature." Thus, it is a starting point for land
usé planning which matches human needs and desires with the characteristics
of the land that determine its ability to meet those needs and desires.

A great deal of data are required for thorough landscape compartmentali-
zation. The method is applicable only in those areas in which the necessary
data can be reasonably obtained. As indicated by the necessity of excluding
the Orange County portion of the study area from the final compartmentali-
zation, detailed soils data are the information most likely to be lacking in
many areas. Thelr lack means either that compartmentalization will be very
sketchy and incomplete or that it must be delayed until detailed soils maps
are available. Fortunately, the soil mapping program of the Soil Conserva-
tion Service is making such information available for most urbanizing areas.
The soils maps for Orange County have been completed within the past year.

It is possible, however, to delineate most of the Protective Compartment
without the use of soils data. Since this is the most environmentally
significant compartment and the one from which all other uses should be
excluded, it should be identified even in areas where complete compartmentali-
zation is impossible,

_ The greatest weakness of the application of compartmentalization to the
Durham County portion of the Eno Basin is that much of the area is already
- devoted to uses other than those for which the map indicates it is best
suited. It is certainly not realistic to suggest tearing down recently con-
structed subdivisions and reverting the land to agriculture. This, of course,
is not the intent of the study. The facts that land has already been used for
environmentally unsound uses and that environmental degradation has resulted
only serve to emphasize the need for detailed land use suitability determina-
tions before land use decisions are made, Hopefully, the final compartment

map can be of some use in determining future land use within the area.
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The greatest value of the compartmentalization method is that it pro-
vides land use planners with both detailed information about each relevant
environmental parameter and combines those parameters in such a way as to
indicate overall land use suitability. Thus, the reasons for a certain
classification resulting for a given area can be determined by examining
maps of individual parameters. But the planner is not left with only a lot
of unrelated data that he must attempt to combine in an unspecified way to
arrive at a land use decision. The ideal situation, of course, would be to
combine this type of environmental analysis with a similarly objective and
and systematic analysis of the economic and social needs of a community to

arrive at a truly holistic and synthesized land use plan.
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NOTES ON IMPLEMENTATION

Given the feasibility of the compartmentalization approach, will it be
used? And if it is used, will the resulting plans be implemented? These
questions are not the subject of this study, but any method of land use
planning is incomplete without considering them., The answers to both questions,
of course, depend upon many things; but the ultimate outcome depends upon the
decisions of the elected officials who formulate local, State, and national
land use policies and their estimates of the feelings of their constituents,
Only when environmental considerations are truly considered at least as
important as the other pressures influencing land use decisions will the
compartmentalization approach be used. 1Its implementation, then, depends
ultimately upon an evolution of values concerning the relationship between
humans and their natural environment,

Hopefully, the early sections of this report will help to hasten the
wide-scale acceptance of appropriate environmental values, but this is not
the place to discuss that question further. It is possible to discuss here,
however, the general planning framework necessary for use of the compartmentali-
zation approach and the existing and proposed legal framework necessary for

its implementation.

General Framework

The first necessary step in the use of any planning method is the
establishment of a general procedure that can be applied anywhere there is a
desire to use the method. The following steps provide such a basic framework
for use of the compartmentalization method. While these steps have not been
explicitly stated at each stage of the study reported here, they have been
implicit throughout, and illustrations of their application can be seen by
reviewing the previous sections:

1. State a set of overall goals for the planning region.  This

step should obviously be the first in any planning process.

No systematic land use decisions can be made without some
idea of what 1s being aimed for. It is amazing, nevertheless,
how frequently such decisions are made on a day-to-day basis

without reference to any particular goals or direction. This
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being the case, it is not surprising that recent land use pat-
terns, no matter how well "planned" have led to environmental
degradation.

2, ‘Identify the purposes or goals of each compartment. Decisions
-must be made and explicitly stated as to why each compartment
is being identified. Dividing the landscape into functional
compartments has little utility unless each compartment con-
tributes something to the achievement of the overall goals of

the region.

3. Determine the characteristics of the land that are pertinent to
achieving the purposes of each compartment. Given the role
which each compartment is expected to play, certain environ-
mental parameters will determine the ability of a given land
area to perform that role. The decision as to which parameters
to use must be made on the basis of their relationship to each
desired use and the availability of data to be used in evaluat-
ing them. Some hard thought and probably the consultation of
people trained in each field are necessary here to sort the
pertinent characteristics out from the almost infinite range
of irrelevant data.

4, Analyze the characteristics of the land itself to determine its
inclusion in the various compartments. This is the stage of the

- mechanics of compartmentalization. Values of the parameters
chosen in step (3) are determined and mapped. Separate parameters
‘are then combined to produce a compartmented map. Such a map is not a
land use plan, but serves as a guide for the rest of the plan-
ning process in which socio-economic factors are considered.

5. Modify regulatory procedures to allow for realization of the
classification scheme. Most land use regulations currently in
effect were formulated with no recognition of the significance
of environmental values. They must, then, be changed to
reflect changing attitudes before the compartmentalization
approach can be implemented. That this is already occurring at

a rapid rate is evidenced by the following discussion.
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Legal Framework

Regardless how good are the intentions. of the planner, no matter how pre-
cise is the compartmentalization, they will have little meaning without the
legal means to implement them. The history of all attempts at land use plan-
ning and regulation well illustrate this. If this method is to be useful, ‘
the legal framework must exist to make it so. Present and currently proposed
legislation in North Carolina may provide most of that framework.

Zoning has been the traditional tool of land use regulation and is still
the most widely used means of providing some guidance to development. Most
zoning in North Carolina, however, has been limited to different types of
development within the Urban Compartment. Flood plain zoning, while usually
justified on other grounds, could be used to protect stream-side corridors.
Most of the protective corridor along the lower Eno after it enters the
Triassic Basin could be kept undeveloped by strictly enforced flood-plain
regulation. Other states have implemented additional zoning categories and
applied them to more than just urban land. Such categories as agricultural
zones, open-space zones, and recreational zones could be used to put much of
a compartmental scheme into effect. It is doubtful, however, that they would
be successful in North Carolina without additional state legislation legiti-
mizing them. The general weakness and temporariness of zoning as it is cur-
rently used makes it largely unsuitable to do any more than very loosely
guide development., In itself it is not sufficient to protect environmentally
valuable and productive lands and, thus, is not very well suited to putting
the compartmental approach into practice.

Two other state laws enacted by the 1973 session of the North Carolina
General Assembly--the Differential Taxation Act and the Sediment Control Act--
could be used to help implement parts of the compartmental scheme. The
Differential Taxation Act allows land to be assessed as its value for its
current use rather than its potential value in some more intensive use. As
currently stated, the law is restricted to agricultural and productive forest
lands. It, thus, may provide some incentive to keep land in the Productive
Compartment. Although open space lands were deleted from the bill by the
legislature, an amendment including them could also help in reserving the
Protective Compartment. Experience with differential taxation in other

states, however, indicates that it is not a strong enough incentive to keep
























