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CHAPTER I

INTRODUCTION

The Surface Mining Control and Reclamation Act of 1977 (Public
Law 95-87, 95th Congress) represents a significant effort on the part
of the Federal Government to establish a nationwide program to protect
society and the environment from the adverse effects of surface mining
operations. Among the stated purposes of the 1977 Act, the following
are particularly relevant to mine planning and operation:

- assure that surface coal mining operations are so conducted
as to protect the environment;

- assure that adequate procedures are undertaken to reclaim
surface areas as contemporaneously as possible with the
surface coal mining operations;

- assure that the coal supply essential to the Nation's energy
requirements, and to its economic and social well-being is
provided and strike a balance between protection of the
environment and agricultural productivity and the Nation's

need for coal as an essential source of enerqy.

Several provisions of the Act and the interim regulations deal with
the protection of environment from surface mining damages.
Specifically with regard to obtaining a mining permit, a reclamation
plan must be submitted which shall be of such a detail to demonstrate
that reclamation can be achieved as required@ by Federal or State
programs. Such a plan must cover, among other, the following

important points with regard to the uses of land:



the uses existing at the time of the application, and if the
land has a history of previous mining, the uses which
preceded any mining;

the capability of the land prior to any mining to support a
variety of uses giving consideration to soil and foundation
characteristics, topography, and vegetative covers

the use which is proposed tobe made of the land following
reclamation, including a discussion of the utility and
capacity of the reclaimed land to support a variety of
alternative uses and the relationship of such use to
existing land use policies and plans, and the comments of
any owner of the surface, State and local governments or
agencies thereof which would have to initiate, implement,
approve or authorize the proposed use of the land following
reclamation.

a detailed description of how the proposed post-mining land
use is to be achieved and the necessary support activities
which may be needed to achieve the proposed land use;

the consideration which has been given to making the surface
mining and reclamation operations consistent with surface
owner plans, and applicable State and local land use plans
and prograns;

the consideration which has been given to developing the
reclamation plan in a manner consistent with local physical,

environmental, and climathological conditions.



In short, the planning of surface mines, in general, and the
reclamation and post mining uses of land, in specific have become very

complex.

SCOPE AND OBJECTIVE OF THE PROJECT

Each individual mining project is unique, but most mine
developments go through a common generic order of development by
stages in which each succeeding stage reduces the uncertainties
inherent in the venture. A simplified concept of this generic plan-
ning process is illustrated in Figqure 1.

In the planning process a wide variety of information are
identified, collected and analyzed because various element of the mine
planning interact on each other and also on the environment. This
relationship may also vary depending on the time of mining operation,
the technology utilized, the mining method and plan, and the specific
locational and site characteristics of the area selected. Figure 2 is
an interaction matrix that defines the information need in various
elements of a mine plan. While this matrix is not all-inclusive and
does not represent any formal method of approach, it does solve a
definite purpose in identifying data that will be needed for permit
applications, In addition, review of existing and proposed laws will
identify the information needed prior to mining that will enable
planning surface mining operations to be in compliance. Fiqure 3
describes the various provisions of the OSM regqulations for permitting

requirements.
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While the scope of the present study does not include a detailed
discussion of the applicable laws and regulations, identification of
the regulatory provisions is relevent since regulatory programe are
measures to control and thus mitigate damage to land, air, water,
fish, wildlife and other related resources as a result of mining,

This research has aimed at developing a Manual of Practice (MOP)
that will assist mine operators and control personnel in developing
guidelines and means of assessing alternatives: in the areas of water
management, land use planning and surface mine engineering. The
specific objectives were (i) to review of existing and proposed laws
to identify the information that need to be developed prior to mining;
(11) review of existing to identify the sources and acquisition
procedures; and (iii) summarize and recommend a analysis procedure to
convert the data to information needed. It has been recognized that
manual of practice need not contain the details of all the method for
agsembly and assessing all types of data available, but merely those
techniques of collecting and manipulating those type of data pertinent
to the specific case. To develop the specific data type, treatment
methods and other procedure necessary for each specific discipline
requires however, that all types of data, all treatment methods and
all other procedures possibly applicable shall have been identifiled.

The development of the final M.0.P. has, therefore, been
identified as dependent on five supplemental areas covering (i}
geology and hydrology; (ii) surface mine engineering; (iii) laws and
requlations; (iv) water quality management and (v) land use

management, Development of method and analysis procedure in each area
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will identify such type of data and methods for using these data as
could possibly relate to a specific field. This report has addressed
in detail, one aspect of this complex problem that of coordinating the
planning activity of the mining community with that of the land use
planning agency. A mathematical "Fuzzy Programming” model has been
developed for evaluation of landuse planning alternatives. The model
allows explicit consideration of competing goals at different spatial
scales. The approach described can simulganeously handle both
qualitative and quantative information and take into account the
viewpoints of the different interest groups. The analysis procedure
deveioped in this report will provide a standarized procedure to

determine most desirable post mining landuse plan.



CHAPTER II

DATA NEEDS FOR LANDUSE PLANNING

Mining activities from exploration through and including proces-
sing, obviously can disturb the environment. Current legislative
controls and guide lines (in most States) help minimize operational
and post-operational effects from mining; however this has not always
been the case. The results from past mistakes or lack of control are
abandoned mine sites. Environmental impacts from these abandoned or
inactive mine sites generally fall into one or more categories:

(i) wWater quality degradation

(ii) Altered landscape

(1ii) Air pollution
The degree of impact is dependent on the mining methods utilized,
physical and chemical characteristics of the mineral commodity and
overburden, along with general hydrology and climatology condition of
the area.

In mining areas characterized by the absence of any formal zoning
or land use activity, the mining and reclamation operations are sub-
ject to the State and Federal laws with regard to mining, air, water
and land resources; in these cases, the frequently determined post
mining land use is the premining land use although a great potential
may exist to create an alternative land use. Restoration of mined
lands and surface water can be achieved for one of the following
categories; its associated costs will depend on initial suitability of

the disturbed area.,



1. Agricultural

2. pPagture

3. Timber and pulp

4. Rangeland or forest

5. wildlife habitat

6. Water related recreation

7. Reserveir

8. Home development <’

9. Industrial park

10. Commercial building site

11. Sanitary f£ill
Increase in land value after reclamation are primarily dependent on
land use category and proximity to urban areas.

Land use "planning” and land use "control™ evoke rather difficult
and emotional questions concerning the effects on public and private
ownership, jobs, county development, taxes and earnings, local State
and Federal economics, and even the residence of the authority on land
use decisions. It is here that the cooperation between mining
companies and land use planning authorities become very important,
The various interactions that are necessary between these two parties
to make a reclamation planning process a success must be cognizant of
the scope and limitations of each of the parties. To do thig job
efficiently, answers must be made available for the following ques-
tions:

(1) What kind of analysis need to be done by the mining company

to select a suitable post-mining land use?

10



(ii) What kinds of data are needed for each analysis?

(iii) What or where are the data sources? What is the
availability of these data?

(iv) What kinds of interaction is currently taking place or must
take place between mining company, and the land use planning
agencies (local, State and Federal) to ensure the
development of a suitable plan? How this interaction can be

enhanced or achieved respectively?

The objective of designing and implementing reclamation plan for
mined land is the management of the State's total resources, which
involves abatement of water pollution and restoration of the land. 1In
order to successfully complete such a comprehensive program, a
systematic and logical approach must be utilized. The exact method
that an agency (local, State or Federal) employs will depend on the
variables such as financial resourceg, magnitude and diversity of
problem in the mine site; and the socio-economic needs of the
residents.

The mine reclamation program must encompass an assessment of an
area's economic needs and development demands in establishing
watershed ranking and reclamation priorities. Reclamation programs
may not be undertaken strictly for aesthetic environmental
improvements, but can also attempt to improve utilization of local or
regional water and land resources for the general public. Subsequent
stimulation of an area's economy and other beneficial effects of such

program should enhance general well-being of the citizenry.

1l



Collection and analyses of socio-economic information may be
accomplished utilizing anyof a number of options, depending
primarily on availability of State human resource data, economic
needs, developmental demands and aesthetic interest of the citizen.
The complexity of the problem, and levels of planning involved in
mined land planning process can be visualized with reference to Fiqure
4, which recognizes the various attributes that need to be considered,

Necessary to the implementation of a successful program is
careful, through analyses of the various available recamation
alternatives. The planning procedure and its execution must ensure
that the reclamation process yields the highest possible benefit for
every dollar expended. The use of a specific and effective series of
planning phases allow isolation of logically related, interdependent
actions, and simultaneously provides a means of estimating overall
progress, The interaction needed for various attributes in the
planning process and among various agencies can be visualized with
refernce to Figure 5.

Inherent to the planning and evaluation of a suitable reclamation
program is collection of tremendous amounts of qualitative and
quantitative data. It is necessary to identify the information needs,
data sources and analysis procedure fundamental to a successful
reclamation plan. A brief ligting of the sources and types of

information needed is provided in Table 1.
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TABLE 1

SOURCES OF INFORMATION

OR TECHNICAL ASSISTANCE TYPE OF INFORMATION OR ASSISTANCE

FEDERAL SOURCES

Office of Surface Mining
(OSM)

Bureau of Land Mange-
ment (BLM)

U.S. Geological Survey
(USGS)

Environmental Protection
Agency (EPA)

Department of Energy (DOE)

U.S. Forest Service (USFS)

U.S. Bureau of Mines
(USBM)

U.S. Fish and wildlife
Service

Soil Conservation Service
(5CS)

Agricultural Stabilization
and Conservation Service
(ASCS)

Water Resources Scientific
Information Center

U.S. Census Burean

0U.5. Bureau of Economic
Analysis

National Technical Infor-
mation Service (NTIS)

U.S. Weather Bureau

STATE SOURCES

State Geological Survey

Department of Community
Affairs

Research

Data on land status and use; land
use, land ownership, and mineral
ownership maps.

Collects and publishes geological
data; data‘information systems;
maps (topographical, planimetric,
geologic, mineral resources, land
use, land cover); satellite
imagery.

Research; pollution control hand-
books

Research

Research (Wildlife and vegetation);
geographical based information
system; aerial photographs

Collects and distributes statis-
tical data; research

Land use and land cover maps

Soil surveys, aerial photographs

Aerial photograhs

Bibliographic retrieval system

Demographic and economic statis-
tics; data information system
Employment data; data information

system
Bibliograhical retrieval system

Climatological data

Geographic and resource data bases;
maps (topographic, planimetric,
geologic, mineral resources, land
use, land cover)

Geographic data base; maps (land
use and land cover)
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TABLE 1 (cont.)

SOURCES OF INFORMATION

OR TECHNICAL ASSISTANCE TYPE OF INFORMATION OR ASSISTANCE

Department of Natural
Resources

Agricultural Experiment
Station

Bureau of Mines

Fish and Game Commission

Department of Health

Department of Lands

Department of Economic
Planning and Development

Division of Employment
Security

Department of Highways

REGIONAL SOURCES

Geographic and resource data bases
Research

Resource data base

Resource data base

Environmental data (air, water,
solid waste)

Maps (land and mineral ownership,
land use, land cover)

Demographic data and economic fore-
casts

Employment data

Planimetric maps and aerial photo-
graphs

(e.g., Missouri River Basin
Commisgion: Applachian Reg-
ional Commission; Tennessee
Valley Authority; 0ld West
Regional Commission; mercer

Research and demonstration pro-
grams; maps (land use and land
cover); aerial photographs;
bibliographic retrieval system;
planning assistance

County Energy Dev, Board)
LOCAY, SOURCES
Planning Agency

Soll Conservation Service

INDUSTRY SOURCES

(e.g., Basin Electric Power
Coop, Montana Dakota
Utilities)

INSTITUTIONAL SOURCES

Libraries (local public,
universities, state,
governmental agencies)

Universities

COMMERCIAL

Consultants

Ccomputer Science firms

Photogrammetric firms

Land use guidelines; master plan;
demodraphic and economic data
Soil surveys, aerial photographs;
handbooks; advice on erosion and
sediment control and vegetation

Demographic data; socioeconomic
impact analysis

Technical reports; government
documents; data; bibliographic
retrieval systems

Extension service

Project assistance

Bibliographic retrieval system;
data information systems

Aerial photographs; remote sensing
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FACTORS INFLUENCING POST MINING LANDUSE

Landuse planning is predominantly a function of governmental
agencies concerned with guiding growth and preventing landuse
conflictas. This type of planning is known as comprehensive planning.
As stricter environmental control has developed, however, surface mine
operators have had to devote greater attention to developing suitable
postmining landuse plans. The preparation of a land use plan for a
specific site that meets certain environmental: standards and compli-
ments surrounding land uses is termed as site planning, The applica-
tion of site planning principles is essential to productive and
beneficial use of reclaimed land. However, conditions vary so greatly
from region to region that any site planning process must allow
maximum amount of flexibility to be practical in all cases. The
planning methodology described herein was freely adapted from Ramani
and Sweigard (1983, a, b, ¢, d). 1It's purpose is to establish basic
concepts in landuse planning and to provide the necessary background
for the present work on available methodologies and various
approaches. Approaches have been taken to the classification of
landuse factors. These factors are classified as either natural or
cultural, Natural landuse factors include, atleast, the geomorphic,
climatic, hydrologic, stratigraphic and soil characteristics of a
site. Although these characteristics can be altered by man, they were
intially the results of nature, Cultural factors include all of those
geographic, demographic, and economic characteristics that are the
results of man's activities. The natural and cultural factors are

listed in Table 2 and 3, respectively, The relative importance of
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Table 2. Relative Importance of Natural Factors as Determinants
of Land Use Stability (Clar and Ramani, 1981)

Relative Importance of Natural Factors as Determinants
of Land Use Suitability (Clar and Ramani, 1981)

Land Use Types

Natural
Factorsg Forestry
and Recrea- Aqri- Resi- Institu- Com~  Indus-
Wildlife tional cultural dential tional mercial trial
Topographic 2% 3 1 2 2 2 2
Rel ief [
Slope 1 3 1 2 1 1 1
Altitude 2 3 2 3 3 3 3
Exposure 2 3 2 3 3 3 3
Drainage 1l 3 1 1 1 1 1
Temperature 1 2 1 3 3 3 3
Precipitation 1 2 1 3 3 3 3
Consolidated 2 2 1 2 3 3 K]
Overburden
Soils
—-Agricultural 2 2 1 3 3 3 3
Properties
-Engineering 3 3 2 1 1 1 1
Properties

*1 - Factor has high degree of influence on suitability of site for
that particular land use.

2 - Pactor has moderate degree of influence.

3 - Factor has low degree of influence.
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Table 3. Relative Importance of Cultural Factors as Determinants
of Land Use Stability (Clar and Ramani, 198l1).

Relative Importance of Natural Factors as Determinants
of Land Use Suitability (Clar and Ramani, 1981)

Cul tural and Use 'I‘Ypes
Factors Forestry
and Recrea- Agri- Resi- Institu- Com—  Indus-
Wildlife tional cultural dential tional mercial trial

Location 3* 1 2 1 o1 1 1
Accessibility 3 2 3 1 1 1 1
Size and Shape 3 3 1 2 2 1 1
of Site

Surrounding 3 2 3 1l 1 1 3
Land Uses

Land Ownership 3 2 3 2 2 2 2
Type and 3 3 3 1 2 1 2
Intensity of

Use

Population 3 2 2 1 2 1 2
Characteristics

Requlatory 3 2 2 1 1 1 1
Constraints

Company 2 2 2 1 1 1 1
Attitudes

*1 - Factor has high degree of influence on suitability of site for
that particular land use,

2 - Factor has moderate degree of influence.

3 - Pactor has low degree of influence.
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natural versus cultural factors in determining land use can be arqued.
In general, however, it seems that natural factors are most
significant in determining the suitability of a site for a particular
land use and the cultural factors determines the practicality of a
given use. While both types of factors are important, final decisions
are often based upon cultural factors after a review of natural
factors has eliminated the unsuitable uses.

rand use factors are not all of equal importance in determining
postmining land use. Likewise, a factor that is extremely important
for one type of landuse may be relatively unimportant with regards to
a different landuse., An estimate is made concerning the relative
importance of each factor in determining the suitability of several
land uses. The land use types considered here: forestry, wildlife,
recreational, agricultural, residential, institutional, commercial,
and industrial use.

Due to the lack of a suitable technique lands use plans are
rarely based upon structured decisions. Data collection may be
conducted in a rigorous manner and certain analyses may be performed
on the data, however, the decision to put the land to a specific use
is finally based upon the intuitive judgement of one or several
individual. One other reason is that land use decisions remains
unstructured is simply the number of factors that potentially
influence land use. Pugliese and others (1979) have identified at-
least 135 environmental characteristics that can have an impact on
post mining landuse. The inclusion or exclusion of certain factors by

the planer may influence the land use decision., Also, the relative
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importance of various factors mentioned here are not exhaustive, they
are presented as the major factors that determines the use of surface
mined land. It should also be recognized that several of these
landuse factors are general categories and could be subdivided into
many more minor categories.

The preliminary studies and data collection of the generic plan-
ning process mentioned earlier is typically t@e most expensive and
time consuming. Mining companies can exercise discretion in
determining what information will be pertinent to their post-mining
land use plans but much of the environmental baseline data collection
is mandated by Part 779 of the parmanent Regulatory Program. The list
of baseline data collection specifications which can be required by the
Regulatory authority includes the following:

- geology description

- ground water information

- alternative water supply information

- climatological information

- vegitation information

- fish and wildlife resource information

- soil resource information

- landuse information

In addition to the environmental baseline data and premining landuse
studies, the mine planner should collect information and analyze
aspects of local economy, population trends, transportation network,

and location of public utilities. Because of the expense involved, the
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preliminary studies and data collection should be planned very
carefully so that only pertinent information are gathered. Besides
meeting the regqulatory requirements, it should be emphasized that the
data gathered will be used later in the planning process to help
evaluate alternate post mining landuse plans.

The definition of local goal and objectives 1is basically a
function of the public planners. This is an area where the mine
planner should interact with local and regional planners to insure that
the post mining landuse plan is compatiable with overall plan of the
area, In addition to satisfying local goals and objectives, the mining
company may wish to establish other goals for itself such as improving
the value of the land or promoting good public relations. Ideally,
comprehensive planning should precede site planning process. It is
not uncommon, however, for gsite planning to be conducted in an area
which has no comprehensive plan. In the absence of formalized goals
and objectives by a planning agency, the mine planner can either rely
solely on company goals or make a limited survey of goals by
contacting the community and local elected officials.

A number of evaluation techniques are available to the site
planner for evaluating alternate landuse plans. These techniques can
be divided into three categories: economic analysis, environmental
impact analysis, and local impact analysis. Once again, care should be
exercised in selecting one or methodologies since complex evaluations
can result in considerable expense. The level of effort should be

proportional to the size of operation and the potential for creating
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benefits. Economic analysis of alternate land uses can range from
discussions with informed individuals to detailed cost- benefit
accounting or estimation of returns through increased land value.
Although traditional engineering analysis alone would not satisfy all
evaluation requirements, they have a place and should be considered
along with environmental and local imapct analyses. There is also a
range of complexity in evaluating environmental and social impacts
starting with a checklists which qualitatively address the various
impacts of various landuse plans.

Evaluation criteria should be selected and weighted based upon
the evaluation methodologies chosen., A combination of criteria has
been which reflects the economic, environmental, and social aspects of
the plans is desirable. Economic criteria amy include a minimum
profitability or benefit cost ratio which is less than unity.
Environmental criteria should be directed towards meeting various
performance standards., Social impact criteria are most difficult to
establish since social impacts are difficult to quantify. Various
techniqnes such as cost of effectiveness analysis have been developed,
however, which attempt to subjectively quantify social impacts.
Minimum standards can bé set based upon one of these techniques.

After the evaluation methodologies and criteria have been
selected, several site plans can be proposed for the reclaimed area.
Certainly, one alternative to be considered is returning the land to
its pre-mining use., Only viable scenarios should be evaluated. Plans
which are unacceptable for economic environmental, or social reasons

need not be subjected to a detalled evaluation process. Since the



premining conditions and postmining landuse plans most likely combine
two or more land uses, the number of alternatives that can be generated
is limitless. The alternative scenarios should be kept to a managable
number. In practice, by the time mine planners begins formulating
alternate landuse plans it should be fairly obvious that certain
landuses are unacceptable and certain others are potentially
acceptable,

Once the alternate scenarios have been completed, they are
subjected to the evaluation methodologies selected earlier., The
result of this process is the selection of the desired alternative
either by elimination of less desirable plans or ranking all the
alternatives in order of acceptability. The final step of the process
is reviewed by company management and regulatory personnel., In
addition to the review by the mine planner and company management up
until the time that the plan is implemented to insure that the landuse
plan is still workable. Unforeseen changes in the economic,
environmental or social conditions, may require modification of the
landuse plan before it can be implemented.

In this report a proposed model for evaluating postmining landuse
alternative has been developed and described in the next chapter.
Although the selection of landuse alternative utilizes a mathematical
model, the human element and interaction remains a basic component in
the decision making process, The approach described can
simultaneously handle both qualitative and quantitative information

and take into account viewpoints of the different interest groups.
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CHAPTER III
FU2ZY SET METHODOLOGIES FOR EVALUATION OF POSTMINING LANDUSE
ALTERNATIVES

From the preceding discussions, one may very well recognize that
the landuse decisions are very complex. The large number of variables
to be considered in the analyses, the impact of landuse decisions on
such matters as jobs, housing, taxes and the socio~political natures
of the issues are the principal reasons. v

Mention has been made of a variety of methods of evaluating
alternative landuse plans, for instance by means of cost-benefit
analysis or cost-effective analysis. The basic problem inherent in
the use of cost benefit analysis is the fact that the valuation of a
landuse plan or an alternative must be carried out with respect to a
single monetary unidimensional criterxion. BAll effects of an
alternative plan have to be projected into one single monetary
dimension. There is a vast amount of interdependencies among the
effects of a landuse plan, the calculation of the benefits of all
these separate effects is very difficult. More importantly,
intangibles can hardly be assessed in economic terms within a cost-
benefit framework since a monetary evaluation of intangibles is
generally impossible or otherwise arbitary or biased.

Cost etfectiveness analysis, on the other hand, attempts to
establish whether a certain landuse planning alternative is worth its
cost. Given the cost of a series of alternative landuse plans, one
has to determine which alternative is most cost effective in attaining

a certain set of goals. By means of a cost effectiveness chart, more
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insight is obtained into the relative effectiveness of each alterna-
tive landuse plan separately. In effect, the cost-effectiveness
procedure studies the way in which an 'a prior' determined set of
goals is attained; the selection criteria is based on the determina—
tion ot that alternative plan which possesses the highest total
effectiveness.

Once of the basic problems in cost—effect@yeness analysis is the
specification of the set of goals to be attained and of the margipal
rate of substitution between these goals. The specification and
evaluation of factors involved essentially the same problems as that
in cost benefit analysis, albeit that the confrontation of effects and
their evaluation are postponded to a later stage. In spite of some
refinements with respect to cost-benefit analygis, the essential
difficulty in any decision procedure, such as the multiplicity of
values, is not completely solved by cost-effectiveness analysis.

Recently, many attempts have been undertaken to develop new
evaluation methods which are more based on adequately on the multi-
dimensionality of a decision problem (including the intangibles).
These methods, which are based on weighting systems for the decision
criteria are generally denoted as multiple—-criteria methods. The
general feature ot these methods, including goal achievement method
(Hill, 1968; Hill and Tzamir; 1574), Fuzzey set analysis (Saaty, 1974;
Zadeh, 1965; Bellmand and Zadeh, 1970; Tanaka, Okuda and Asai, 1974)
is that the project impacts are not necessarily transformed into

monetary units. Instead a weighting scheme 1i1s developed which
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retlects the relative importance of each of the decision criteria.
The objectives are expressed both in qualitative and quantitative
terms. The fuzzy set analysis, however, sets a framework that
provides a natural way of dealing with problems in which the sources
of impression in the absence of sharply defined criteria can be
analyzed very effectively.

In this section one of the operational techniques for decision
making, in fuzzy set analysis namely using the method of scaling ratio
and positive pairwise comparison matrix (Saaty, 1977) will be briefly
described, A detailed review of the mathematics of the fuzzy set is
contained elsewhere (Zadeh, 1965; Bellmand and Zadeh, 1970; Saaty,

1974; Saaty, 1977; Tanaka, Okuda and Asai, 1974).

IHE MATHEMATICS OF PAIRWISE COMPARISON

The methods of paired comparisons has great parctical simplicity.
It has been used extensively in experimental situations where
subjective judgements lend to qualitative comparative responses,
situations where quantification through measurement is difficult or
illusory. Development of paired comparison techniques for preference
assessment is relatively recent and has taken place primarily within
the past ten to fifteen years.

The following presentation of the general mathematical ideas
behind pairwise comparisons is freely adapted from Saaty (1977), It's
purpose is to establish basic concepts, terminology and notation for

later use in describing the methods used in this research.
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Consider n items pairs according to their relative weights which
are assumed to belong to a ratio scale. Denote the items by Aj,.e,
A, and their actual weights by Wy,...,w,. The pairwise comparisons

may be represented by a matrix as follows where each matrix element

aj4 = wi/wj
Ay A, ves A,
Ay wy/wy Wy /vy e Wi/
Ay wo/wy wo/Wo ces wo/Vp
A= : i )
An wn/¥W1 Wp/Wo voe wn/Wp

This matrix consists entirely of positive entires and satisfies the
reciprocal property, ajy = l/aji (for all i and j). Since the
reciprocal property holds, the matrix is completely determined by
specifying a set of only (n2-n)/2 elements such that: 1) none are on
the main diaqonal (these are by definition equal to 1.0); and 2) no
two of which are reciprocal elements (j,e. both aj j and aj; are not
members of the set). It is further true that if the actual weights,
wi, are known, the matrix satisfies the cardinal consistency property
(CCP), ajjayg = ajk and is called consistent, Under CCP, given any
row of A, one can determine all other entries by this relation. 1In
fact, it can be shown that under CCP the entire matrix can be
determined by n-1 ratios of Wi/W5 where 1) 1 ¥ j and; 2) no two of

which are reciprocal elements,
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Now if we multiply this matrix by the transpose of the vector, Wy

= (wl,...,wn), we obtain the vector fiw. Therefore:
A¥ = nw

If the actual weights, &, are unknown but we have the matrix A and we

want to recover W, we can solve the system of equations:
(A-nDw =10

in the unknown W. This has a non-zero solution if and only if n is an
eigenvalue of A, ji.e. it i8 a root of the characteristic equation of
A. But A has a rank of 1 since, as pointed out earlier, every row is
a constant multiple of the first row. Thus all the eigenvalues of A
are zero except one which we call Amax = n. The vector of weights, W,
is the eignevector corresponding to this eigenvalue.

Suppose that we are dealing with a situation in which the scale
of measurements for the actual weights, w 15 not known but we have
estimates of the ratios in the matrix. In this case cordinal
consistency of the form, Ai > Aj, Aj > Ak imply Ai > Ak (where the Ai
are in the rows of A). This situation is a fairly realistic
representation of that in preference comparison. Once the (n2-n)/2
pairwise comparisons are made and that the reciprocal property aij =
1/aji be used to £il1l in all non-diagonal elements of the A matrix.
Once this is done the eigenvalue max, and its associated eignevector,

W are calculated by methods of linear algebra.
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EVALUATION OF POST-MINING LAND USE ALTERNATIVES

Since fuzzy set analysis takes account of quantitative and
gualitative factors, it was recognized that it may constitute a
realistic methodology for assessing various feasible landuse
alternatives primarily based on environmental, economical, social ang
political factors. To illustrate the application of the model, four
landuse planning alternatives are chosen, those are considered to be
of prime importance in interior Alaska. The other alternatives (Table

4) are derived from these four alternatives,

Table 4: A few selected alternatives in landuse planning in Interior

Alaska
LAND USE PLANNING ALTERNATIVES SYMBOL
l. Forestry and wildlife Ay
2. Forestry Ay
3. Agricultural Development Ay
4, Recreational Development Ay
5. Combination of Forestry, Wildlife and Ag
Agricultural Development
6. Combination of Forestry and Recreational Ag
Development
7. Combination of Forestry and Agricultural Ay

and Recreational Area Development

8. Combination of Agricultural and Recrea- Ag
tional Area Development

9. Combination of Forestry, Wildlife and Aq
Recreational Area Deveopment

10. Combination of Forestry, Agricultural Ayp
and Recreational Area Development
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We chose a few characteristics or factors that are common to all of

the above alternatives. These factors can be listed as follows.

FACTORS SYMBOL
i) Relief F1
ii) Slope F2
iii) Altitude F3
iv) Drainage F4
) Natural*
v) Exposure F5 factors
vi) Temperature Fé
vii) Precipitation F7
viii) Soil characteristics F8
ix) Consolidated overburden F8
x) Location F10
xi) Accessibility F1l
xii) Size and shape of the site F12
Cultural
xiii) Surrounding land uses F13 factors*
xiv) Land ownership F14
Xv) Population characteristics F15
xvi) Regulatory constraints F16
xvii) Type and intensity of uses F17
Xviii) Water quality Fl8
xix) Erosion and sedimentation F19 Legal Factors*
xX) Slope requirements F20
xxi) Aesthetic values F21
xxii) Economics F22 Social Factors*
xxiii) Political F23
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Using the methodology described in the previous section and using
a intensity scale of importance (Table 5) the relative importance of j
is determined to find the value of aij in matrix A.

For the problem under consideration, there are twenty four
matrixs for which eigenvalues (*max) and their corresponding
eignvectors are to calculated. For this a computer program is being
developed which will calculate the values of A and corresponding
eigenvectors. The following tables shows the various interaction
matrices for the factors under consideration,

The matrix formed by the eigenvector provided in Table 30 (Matrix
#25) of size (10 x 23) is multiplied by the transpose of the vector
obtained from the eigenvector corresponding to X ., from Table 6
(matrix #1) of size (23 x 1), This gives a resulting column matrix of
size (10 x 1). The resulting matrix gives the corresponding values
for each alternative starting from A to Ajq-

The alternatives can be ranked accordingly from the highest
values to the lowest value., We choose that land use planning for
which the alternative Ay (1 =1, 2, 3, .....10) has the highest value

and is ranked first.
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Table 5: The Scale and Its Description (Saaty, 1977)

Intensity of

importance Definition Explanation
1+ Equal importance Two activities contribute equal-
ly to the objective
3 Weak importance of Experience & judgement slightly
one over another favor one activity over
another
5 Essential or strong Experience & judgement strongly
importance favor one activity over
another
7 Demonstrated An activity is strongly favored
importance and its dominance is demon-—

strated in practice.

9 Absolute importance The evidence favoring one activ-
ity over another is of the
highest possible order of
affirmation

-2, 4, 6, 8 Intermediate values When compromise is needed
between the two
adjacent judgements

Reciprocals If activity i has one
of above of the above nonzero
nonzero numbers assigned to

it when compared with
activity j, then j
has the reciprocal
value when compared
with i

Rationals Ratios arising from If consistency were to be forced
the scale by obtaining n numerical
values to span the matrix
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Table 7: Interaction Matrix of the Factor "Relief"™ for
various landuse alternatives

MATRIX NO: 2

Alter-
natives Al A2 A3 Ad A5 A6 A7 A8 A9 alo

Al 1 bjp byz byg bys big by7 brg big biip
A2 by1 1 bpz baq b5 by bz; bag bag bag
A3 b3y b3z 1 b3y b3s bygg b3y bzg b3g baig
Ad bg1  ba2 bg3 1 'bgs bgg bg7 bgg  Dbsg  baig
A5 bsy bsy bsy  bsy 1 bsg bgy bsg bgg bgyg
A6 b1 b2 bg3 bgg bgs 1 bgy bgg bgg Dbgig
A7 by byy by3  byy  bgs  byg 1 bgg byg by
A8 bgy bgz bgy bgy bgs bgg bgy 1 bgg bgig
A9 bgy bgy bgy bgg bgs bgg bgy bgg 1 bgg
R10 bjp1 bipz bio3 bio4 bros bioe bio7 P1os DPirog 1
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Table 8: Interaction Matrix of the Factor "Slope" for

MATRIX NO: 3

Vvarious Landuse Alternatives

Alter-

natives Al A2 a3 Ad AS 26 A7 A8 A9 AlO
Al 1 €2 Ci3 Cis Ci5 Cg C7 Cig C19 Cio
A2 €1 1 Ca3 Caa C25 Cz Cp7 C2g C29 €210
A3 C33 €32 1 C3g C35 C36 C37 C3g C39 Caipg
a4 Cq1  C42 Cy3 1 C45 C46 C47 Ca8 C49 Cq10
AS C51 Csz Cs3 Csy 1 Cs¢ Cs7 Csg Cs9  Csip
A6 Ce1 Ce2 Ce3 Cea Cgs 1 Cg7 Cea Ce9 Ce10
AT Cai Cy2 €93 Cyp Cys5  Cyg 1 Cyg €9 Cngo
A8 Cg1 Cg2 Cs3 Cgy Cgs Cgs Cg7 1 Cgg Cgio
A3 Cgy Cg2 Cg3 Cog Cg5 Cgg Cg7 Cog 1 Cop

Al0 Clo1 €102 €103 C104 C105 C106 C107 €108 €109 1
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Table 9: Interaction Matrix of the Factor "Altitude" for
various landuse alternatives

MATRIX NO: 4

Alter-
natives Al A2 A3 Ad A5 A6 A7 Af A9 Al0

Al 1 dyp d13 dyy dy5 d1¢ dy7  dyg  dig  diyp
A2 d21 1 dy3 dyg dp5 dzg dp7 dzg dzg d2)0
A3 dyy d3p3 1 d34 d35 dzg d3; dzg d3g  di3gp
Ad dg1 d42 dg3 1 dgs dgg da7 d4g Q49  d410
AS ds; dsz dg3  dsy 1 dsg dg7 dsg dsg g1
A6 dg1  de2 dg3 dg4 des 1 dg7 dgg de9 dg10
a7 d71 dy2 d93  d9y dys  dyg 1 dg7g dg9 d710
A8 dgy dg2 dg3 dgy dgs dgg dsy 1 dgg dg1o
A3 dg; dgy dg3 dgg dgs dgg dg7 dgg 1 dgig
AlO d101 d102 d103 d104 9105 d106 9107 %108 9109 i

37



Table 10: Iﬁteraction Matrix of the Factor "Drainage” for
various landuse alternatives

MATRIX NO: 5

Alter-
natives Al A2 A3 Ad AS A6 A7 A8 A9 Al0

Al 1 €12 eys €14 e1s €16 e17 e1g ey €110
A2 e21 1 e23 exy ez5 e3¢ €27 €28 €29 €210
A3 €31 €32 1 e34 e35 e35 e37 eig  eig e
A4 €41 €42 €43 1 ep5 e46 €47 €43 €49 €410
AS €51 es52 es3  esy 1 e5s es7 esg  esg  es)g
A6 €61 €62 €63 €64 €65 1 eg7 €68 €69 €610
h7 €71 €72 €73 €94 e75 ey 1 e73 e79 e710
A8 eg1 eg2 €83 eg4 eg5 egg  eg7 1 egg eg1p
A9 %91 €92 €93 €9y €95 egg €97  egg 1 eg10
Alo €101 €102 €103 €104 ©105 ©106 €107 €108 €109 1
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Table 11: Interaction Matrix of the Factor "Exposure” for
various landuse alternatives

MATRIX NO: 6

Alter—
natives Al A2 ).X] )-X) AS A6 b7 A8 a9 Al0

Al 1 fi2 £33 f£14 f15 f1g fy7 f18 f19  f110
A2 £21 1 £33 f24 (f25 f26 f27 f28 f29 £210
A3 f31  f32 1 f3q4 fa5 f3g f3; f3g f3g faig
Ad f41 f42 fg3 1 f45 f46 f47 f48 f49 410
AS f51 fs2 fs53  fs4 1 fg¢ f57 fsg f59 fs30
A6 f61 f62 f63 fe4 f65 1 fg7 fga fg3 fg10
A7 £71. f£72 f£73 f94 75 £ 1 f£78 £79 f£910
A8 fg1 fa2 fg3 fgg fgs fgg fgy 1 fgg fgy0
. £91 fg92 fg3 foq4 fg5 fgg fg7 fog 1 f9190
AlD £101 f102 fi103 fi04 f105 f106 f107 f108 f109 1
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Table 12:

MATRIX NO: 7

Interaction Matrix of the Factor "Temperature" for
various landuse alternatives

Alter-

natives Al A2 A3 A4 A5 A6 A7 A8 A9  Al0
Al 1 912 913 914 915 916 917 %18 919 9110
A2 921 1 923 924 925 926 927 928 929 9210
A3 931 932 1 934 935 936 937 938 939 9310
A4 941 942 943 1 945 946 947 948 949 9410
AS 951 952 953 954 1 956 957 958 959 9510
A6 961 962 963 964 965 1 967 968 969 9610
a7 971 972 973 974 975 976 1 978 979 9710
A8 981 982 983 984 985 9g6 987 1 489 9810
A9 991 992 993 994 995 Jg¢ 997 Jog 1 dg9y0
Al0 J101 9102 9103 9104 9105 9106 9107 9108 9109 1
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Table 13:

Interaction Matrix of the Pactor "Precipitation for
various landuse alternatives

MATRIX NO: 8

Alter-

natives Al A2 A3 A4 A5 A6 A7 A8 A9  AlO
Al 1 hyp by hyy hys  hyg  hyy hig  big  hryg
A2 hy 1 hpz3 hpg hys hpg hpy hag hpg hoip
A3 hy; h33 1 h3yg h3s hyg hyy h3g hyg hyig
A4 hgy hg2  hys 1 h4s  hgg hyy hgg  hgg  h4ip
AS hsy  hsz hgy  hsgy 1 hsg hgy bsg hsg  hgip
A6 hgy hga hgz hgy hgs 1 hg; heg hgg hgip
a7 h7y  Rya hy3 hyy hyg hog 1 hyg hyg  hyyg
A8 hgy hgz hgy hgy hgs Dhgg hgy 1 hgg hgyo
R9 hgy hgz hgy hgy hgs hgg hgy hgg 1  bgig

Al0 bjo1 h102 bhioi bro4 bios hipe h1g7 bios bios 1
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Table 14:

Interaction Matrix of the Pactor "Soil characteristics"

for various landuse alternatives

MATRIX NO: 9
Alter-
natives Al A2 A3 Ad AS A6 A7 A8 A9 AlOD
Al 1113 43 i34 i35 i1 i37 18 lig  i110
A2 i1 1 i3 124 i25 i26 127 128 129 1210
A3 i3) 33 1 i34 i35 i3 137 i3g 139 is)o
A4 ig1 i42 143 1 igs i46 147 148 149 1410
AS 15y isz isy  isg 1 isg ig7 isg isg isyg
A6 i1 162 163 164 1iss 1 ig7 ig8 1lg9 1i610
A7 i97 92 193 194 i75 iy 1 i7g i79 i710
A8 igy ig2 igy ig4 igs 1igg 1g7 1 igg 1ig1o
A9 igy ig2 193 igq 195 1g¢ 197 igg 1 930
A10 1101 1102 1103 1104 i105 1106 {107 t108 1109 1
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Table 15; Interaction Matrix of the Factor "Consolidated
Overburden™ for various landuse alternatives

MATRIX NO: 10

Alter-
natives Al A2 A3 A4 AS A6 A7 A8 A9 al0

Al 1 d120 313 d1s d1s d1e  d17 dis Jis duio
A2 izl 1 323 d24 J25 326 J27  J28 329  J210
A3 J31 a2 1 jz4 335 3J3¢ d37 Jzs J39 1310
A4 ja1  Je2 a3 1 345 Ja6 347 J48  Jas  J410
as js1 352 Is3  ds4 1 isg ds7 3Isg JIs9  3s10
A6 Je1  Je2 Je3 Jea  Jes 1 g7 Jes Jes Jsro
A7 371 372 373 374 375 376 1 78 379 710
A8 el Js2 Js3 iss Jgs dge  is7 1 Jgo 1sio
A9 Jo1  J92 393 394 Jes isg I97  J9s 1 Joig
All J101 J102 J103 Jio4 J105 Jies J1o7 108 3109 1
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Table 16: Interaction Matrix of the Factor "Location"
for various landuse alternatives

MATRIX NO: 11

Alter-
natives al A2 A3 A4 a5 A6 A7 A8 A% AlQ

Al 1 ka2 ki3 kia kis  kig kiz  kig  kig  ki1o
A2 k21 1 k23 ka4 k25 k2 ka7 k2g k29  K21p
A3 k31 k32 1 k3g Kis kig k37 kig kg ka1
A4 kgl k42 ka3 1 k45 kgg k47 k4 kg9  kalo
AS ksy  ksy ksz ks 1 ksg ks7 ksg ksg ksyp
h6 k1 k62 kg3 keda kes 1 kg7 keg ke  Ke10
A7 k7, k72 k93 kg ks kyg 1 kg k79 k910
A8 kgl kg2 kga kgy kgs kgg kg7 1 kgg Kgio
A9 kg1 kg2 ko3 kgg kgs kgg kg7 kog 1 kog1g
Al0 k101 k102 k103 k104 kios k106 kio7 kios kiog 1
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Table 17: Interaction Matrix of the Factor “Accessibility"
for various landuse alternatives

MATRIX NO: 12

Alter-—
natives Al A2 A3 Ad AS A6 A7 A8 A9 AlO

Al 1 L 13 Ly Lis hie 117 lLig lig 1110
A2 12 1 13 124 125 126 127 128 129 1210
A3 131 13z 1 133 135 13 lip  l3g 139 131p
A4 1l 142 1g3 1 145 146 147 148 149 110
AS 1s; 1lsa 1s3  1gg4 1 1lsg lg7 1lsg  1ls9 1519
A6 161 le2 le3 lesa les 1 1lg7 leg leg 1lsir0
A7 121 192 133 174 135 176 1 198 139 1710
A8 117 1g2 1lg3 1lgs 1lgs lge 1gy 1 1gg 110
a3 191 logz 193 log 1lgs lgg 1lg7 1log 1 193¢
Al0 1101 11202 103 1104 l105 li0o6 1107 li0s l109 1
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Table 18: Interaction Matrix of the Factor "Size and Shape
of the Site" for various landuse alternatives

MATRIX NO: 13

Alter-
natives al A2 A3 A4 AS A6 A7 A8 A9 Al0

Al 1L ma m3 my mps mg mpy Mg Mg Mg
A2 m21 1 m3 mp4 m25 mpg M7 Mg M9 M1
A3 my m3z 1 myy mys myg 37 m3g M3g Mg
A4 Mgl M4 M43 1 mys mgg my7 Mgy Myg M40
AS M5) W52 M53 M5y 1 msg m57 M5g  m59  MS)Q
A6 Mgl Mg2 Mg3 M4  MeS 1 mg7 mgg Mgg ME1p
A7 m7] Mgy M3 M74  My5 Mog 1 mg my9 myyp
A8 mgy Mgy M3 Mgy Mgs Mg Mgy 1 mgg mg10
A9 Mg] Mgz Mgy Mgy Mgs Mgg Mgy Mgg 1 mg1p
Al0 mjgl Mi02 ™103 Mm1g4 M5 Mg M107 M08 M09 1
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Table 19:

MATRIX NO: 14

Interaction Matrix of the Factor "Surrounding Land
Uses”™ for various landuse alternatives

Alter-
natives Al A2 A3 A4 A5 A6 A7 A8 A9  AlO
Al 1 mp m3 nj4 ms nlg P17 Mg Rl N0
A2 nay 1 n23 npq n25 N3¢ n27 N28 N29 RP210
A3 N3;  n3y 1 'n34 nmis nzg n3y n3g nig  naxg
Ad ng1 N42  N43 1 n45 ng4g nNg7 D48 N49 D410
AS Ns) N5z Ns3  nsy 1 ngsg ns7 nsg  Nsg  Nsyp
A6 Nl DNg2 N3 Ngq DNg5 1 ngy ngg Ng9 Ng10
A7 N1 N72 n73  ngg4  Nys Nyg 1 n7g n79 N0
A8 ngy ngy ngy ngy nNgs Ngg Ngy 1 ngg ngyo
A9 Ng1 Nng2 ng3 ngy Ngs ngg ng7 Ngg 1 ng10
ALO n1o1 P102 N10o3 P104 N105 Mioe M1g7 M08 D109 1
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Table 20:

MATRIX NO: 15

Interaction Matrix of the Factor “Land Ownership®
for various landuse alternatives

Alter-

natives Al A2 A3 Ad A5 A6 A7 A8 AS al0
Al 1 o032 o013 o014 o015 01 037 018 019 ©110
A2 021 1 033 o024 025 026 027 028 029 0210
M ©31 032 1 o34 o035 036 037 033 039 0310
Ad 041 042 043 1 045 046 047 ©48 ©49 9410
AS 051 ©052 053 Os4 1 o056 057 058 059 Os1g
A6 061 062 O3 064  ©65 1 o067 08 069 9610
A7 ©71 ©72 073 974 075 076 1 o078 o099 0730
A8 ©gl ©g2 ©g3 ©g4 0g5s Ogg  Og7 1 ogg ©g10
h9 991 992 093 Og4 Og5 Ogg ©Og7  Ogg 1 o910

Al0 ©101 ©102 ©103 ©104 ©105 ©106 ©107 ©108 ©109 1
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Table 21:

MATRIX NO: 16

Interaction Matrix of the Factor "Population

Characteristics®™ for various landuse alternatives

Alter-

natives al A2 a3 Ad a5 A6 A7 A8 A9 Al0
Al 1 P12 P13 P14 P15 P16 P17 P1g P19 P1l0
A2 P21 1 P23 P24 P2s P2 P27 P28 P29 P20
A3 P31 Paj 1 P34 Pz Pig P37 Pig P39 Palo
A4 P41 P42 P43 1 P45 P4 P47 P48 P49 P10
AS Psy Ps2 P53 Ps4 1 Ppsg Ps7 Psg  Psg  Psio
Ab P61 Pg2 DPe3 P64 P6sS 1 Pe7 P68 P69 Pelo0
Al P71 P72 P73 P74 P75 P76 1 p78 P79 P710
A8 Pg1 Ps2 P83 DPgs Pgs Pge Pg7 1 pPgy Pg1g
A9 Pgl  Pg2 P93 Pg4 Pgs Pgg Py Pog 1 po1p

A10 P101 P102 P103 P104 P105 P106 P107 Plo8 P109 1
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Table 22: Interaction Matrix of the Factor "Regulatory
Constraints® for various landuse alternatives

MATRIX NO: 17

Alter-
natives Al A2 A3 A4 AS A6 a7 A8 A9 Al0

Al 1 g2 913 914 4915 Q6 917 918 919 9110
A2 921 1 4923 924 Q25 926 927 928 4929 9210
A3 93] 932 1 q34 935 96 q37 938 DB9 9310
A4 d41 942 943 1 q45 d46 947 948 949 9410
AS d51 952 4953 954 1 gs¢ 457 958 959 9510
A6 961 962 963 964 965 1- 967 468 Q69 9610
Al 971 972 W3 974 975 976 1 a7 479 9710
A8 981 982 983 984 485 986 987 1  qg9 as10
A3 991 992 993 d94 995 996 997 998 1 ag10
AlO 9101 9102 9103 9104 9105 9106 9107 9108 9109 1
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Table 23:

MATRIX NO: 18

Interaction Matrix of the Factor "Type and Intensity
of Uses" for various landuse alternatives

Alter-

natives Al A2 A3 A4 A5 A6 a7 A8 AS Al0
Al 1 rj2 ry3 ryj4 ri1s ryg r17 rf1g 19 I110
A2 s 1 rp3 ra4 25 X6 T27 I28 I29 F210
A3 I31 32 1 r3y r35 r3g r37 r3g Trig I3]0
A4 Tq1  T42  T43 1 r45 r4 47 L48  L49 L4210
AS F5) 52 r53  Isy 1 156 rs57 rsg rs59  Is)g
A6 61 Y62 Y63 Tre4 L65 1 rg7 Teg L9 T610
a7 L7y f72 f73 74 I75 I76 1 178 179 710
A8 rgy rg2 g3 Lgs rgs rgg rgy 1 rgg rg)0
A9 fg9) Tr92 Tg93 g4 95 r9g ILg7 Loy 1 1930

Al0 £101 Y102 Tr103 104 F105 Tr106 107 T108 F109 ’
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Table 24: Interaction Matrix of the Factor "Water Quality®
for various landuse alternatives

MATRIX NO: 19

Alter-
natives Al A2 A3 Ad AS A6 A7 A8 A9 al0

Al 1 812 s13 814 S5 816 517 818 519 8110
A2 821 1 s33 824 825 826 827 828 829 8210
A3 B3l 832 1 s34 835 836 S37 838 939 S310
A4 841 S42 3843 1 845 846 S47 S48 249 8410
AS 851 852 853 854 1 s5¢ =57 8583 S59 8510
A6 861 862 S63 564 865 1 sg7 868 S69 8610
A7 8§71 872 873 874 B75 S7g 1 s98 2879 8710
A8 881 Sg2 Sg3 584 S85 Sgg  Sg7 1 sg9 8810
A3 B9 S92 S93 894 S95 Sg9g  Sg7  Sgg 1 8919
210 8101 S102 5103 S104 S105 S106 5107 S108 S109 1
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Table 25:

MATRIX NO: 20

Interaction Matrix of the Pactor "Erosion and

Sedimentation” for various landuse alternatives

Alter-

natives Al A2 a3 A4 AS a6 A7 A8 a9 Al0
Al 1 t13 t13 t14 t1s t1g  t17 tig  t1g  tlio
A2 t21 1 t23 tp4 t25 tz¢ t27 t2g t29 £210
A3 t31  t33 1 t3g t35 t3g t37 tig tig t3lp
A4 tyy  ta2  tg3 1 tys t4e ta7 tas  teo  tayo
AS b5y tsy tsy  tgy 1 tgg tsy tsg  tgsg  ts1g
A6 tg1 te2 te3 te4 tes 1 tg; tgg teg telo
A7 71 b7z t93 t9q t75 b 1 t8 t79  t710
A8 tgy tg2 tas tgy tgs tgg tgy 1 tgg ta1g
RS o1  tga tgz tgs tgs tgg tgy tog 1 toyp

Al0 €101 ti02 %103 ti04 t105 tioe ti07 tios tio9 1
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Table 26: Interaction Matrix of the Factor "Slope Require-
ment® for various landuse alternatives

MATRIX NO: 21

Alter-
natives Al A2 A3 A4 AS A6 A7 A8 A9 Al0

Al 1 ujp Uy u34 w3 uyg U317 Uig U9 WUy3g
A2 uz) 1 uz3 upgq uzs upg uz7 uUzg U9 U210
A3 u3)  u3p 1 uzg4 u3s uzg U37 u3g uzg u3zxg
Ad ugl  ug2  u43 1 ugs udg U47 U4 W49 L4190
AS Us)y ugz usy  usg 1 usg us7 usg usg us)p
A6 Ugl UE2 Ue3 U4  UgS 1 ug7 ugs Y9 U610
A7 U7y W72 u73 U7y U5 U9g 1 uzg ug9 uy3g
A8 ugl Ug2 Lgy ugg ugs ugg ugy 1 ugg ugyp
9 U9} U9 Ug3 ugy Ug95 Ugg Ug7 Ugg 1 ugyp
al0 U101 Y102 Y103 Y104 Y105 Y106 Y107 Y108 Y109 1
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Table 27:

MATRIX NO: 22

Interaction Matrix of the Factor "Aesthetic Values”
for various landuse alternatives

Alter—

natives Al A2 A3 A4 AS A6 A7 A8 A9  AlD
Al 1 viz wviz Vvig Vvis Vvig V17 Vig V19 V110
A2 v21 1 vz V24 V25 V26 V27 V2g V29 V210
a3 Vil V32 1 v34 V3g V3g V37 Vg Vig Viyo
A4 V41 V42 Va3 1 v45 V46 V47 V48 V43 V410
AS V51 Vs2 V53 Vsy 1 vsg V57 Vsg V53 Vg)g
A6 V61 V62 V63 V64 V65 1 ve7 Veg V63 V610
A7 V71 V72 V73 V74 V75 Vg 1 v Ve V710
A8 Vel VB2 VB3 Vg4 Vg5 Vgg Vg7 1 vgy V810
A9 Vg1 V92 V93 Vo4 Vg5 Vgg Vg7 Voa 1 vgyg
ALO Vil Vio2 Vio3 Vio4 Vios Vioe V107 Vios Vo9 1
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Table 28: Interaction Matrix of the Factor "Economics”
for various landuse alternatives

MATRIX NO: 23

Alter—
natives Al a2 A3 A4 AS A6 A7 A8 A9 AlQ

Al 1 wip W13 wig W15 Wlg W17 Wig W19 WIlgQ
A2 w21 1 w23 w24 W25 W26 W27 W28 VW29 w210
A3 W31 w32 1 w34 W35 W3g W37 Wi Wig  W3lQ
A4 W4l W42 W43 1 w45 W4 W47 W48 W49 W40
B> W51 w52 w53 w54 1 wsg ws7 wsg w59 Ws]gQ
A6 We1 W62 W63 W64  WE5 1 wg7 W68 W9 W10
A7 W71 W72 W73 W74 W95 Wyg 1 wig W79  w71g
A8 Wgl W2 W83 Wg4 W5 Wgg  Wgy 1 wgg walg
is W91 W92 W93 Wg4 Wg5 Wgg Wgy  Wgg 1 wgyq
AlO w101 %102 W103 %104 V105 %106 w107 %108 %109 1

56



Table 29: Interaction Matrix of the Factor "pPolitical”®
for various landuse alternatives

MATRIX NO: 24

Alter-
natives al A2 a3 Ad A5 A6 A7 Al A9 Al0

Al 1 x33 X33 X34 X15 X1 X17 X183 X19 X110
A2 X21 1 x33 %24 X35 %26 X327 X8 X29 X210
A3 X31 %32 1 x3y X35 X3¢ X37 Xag X3g X310
A4 X41 X442 X43 1 X45  X46  X47 X488  X49 X410
A5 X5]1 X52 X53 54 1 x5 X57 X5g X59  Xg5)g
A6 Xg1 %62 %63  X64 X5 1 xg7 %68 X69 X610
A7 X71 X72 X73 X34 X75  X7g 1 x78 X79 X710
A8 Xg) Xg2 Xg3 Xg4 Xg5 Xgg  Xgy 1 xgg xg10
A9 X91 Xg92 X93 Xg4 Xg5 Xgg Xg7  Xgg 1 xg)9
AlD X101 *102 X103 X104 X105 X106 X107 X108 X109 1
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Table 30t Matrix Formed by the Bigenvectors (with respect to the maximm Eigenvaluen)

that are obtained from Twenty Three Interaction Matrices for the factors,

MATRIX 25
Factox PL P2 PF3 Re F5 P6 F7 F8 F9 FI0 Fl1  Fl12 F13 P14 FIS FI6 P17 FI8 FI9 F20 F21 F22 F23
Elgen-
( Amax) Mod2 A3 Mg dg kg A dg dg M A Mz M3 Ay M5 Mg Mz Mg M9 20 ‘al rzz Am
En B By By B K B By By B By Ba Bu Ba Bsi Ba By Ra Ba Bo B Ba B
. Bl2 B2 B3 By EB5p By By By By By By By Byya By Eim2 B2 By Brez Bag2 ooz Baz Bagz B2
é Bjy Bp By B B3 By By By By By B3 B Biza B Bsmy Bgs B B Be By Bz Bazs B
£ Eig By B3y By Bgy Egy By Bgy By EBioq Eig Bid P13 Baie Base Bige Eivd Bres Bags Paod Bad Bazd By
: Bis By B35 Bys EBgs Egs Eyg Egs Fgs  Bigs By Bis Bias By Eiss Bigs  Biys Eygs Bigs Exgs Bus Bps Exs
g B1¢ B Exg By %6 B E6 EBgs o6 Taos Ele Eizs P13 Fiue Base Piee Fare Ties FPuos Baoe Eae B2z Exs
2 By B By By By By By By By By By By Eiar Big Eisy Bier Bi77 By Bier Baor Bar Baxy Bxay
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CHAPTER IV
SUMMARY

Landuse priorities in much of Alaska are not clearly established,
although some information on land resources is available for planning
purposes, and certain uses for large areas are implicit in
jurisdictional patterns. PFor instance, extensive blocks are
designated as national parks, wildlife refuges, and military sites, or
are reserved as a petroleum resources. Vast stretches of the state
including virtually all lands underlain by coal, are simply
undesignated wilderness area. Based on predominant vegetation, these
are mostly identified in current inventories either as forest or
rangeland, but neither category is now exploited commercially for
those purposes. More than 20 million acreas of potential farmland are
also recognized but only 70,000 acres are farmed, (National Research
Council, 1980).

The lack of designated landuses —— indeed, the general lack of
apparent signs of active use could be misleading. The land of Alaska
is valued in many ways even though little of it is intensively used.
Alaskan land is an essential component of Native Subsistence
economies; it provides a biological refuse of worldwide importance; it
has extra ordinary recreational value; and it is an unspoiled segment
of the earth's surface that can be preserved for future generations.
Thus, a policy is needed by which to establish the future uses of the
land, Without such a policy or landuse goals, the post mining use of
reclaimed land cannot be objectively resolved. Surface coal mining,

if it is to be managed with regard for public goals for land use, must
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be preceded by agreements on what goals are. Coordinated landuse
plans are means by which goal are translated into real actions. With
regards to mining, a landuse plan is the primary basis for
establishing reclamation objectives, at least to the degree that the
objectives concern postmining landuse.

Decision about mining involve long term landuse commitments,
Trade-offs are necessary with respect to possible uses of the post
mining reclaimed land., Such decisions are most desirably made in a
framework in which the feasible uses of most areas are identified
beforehand. For instance, pre-mining planning phase can involve not
only an assessment of mining plans but also an understanding of
settlement patterns, demographic trends, economic forces, employment
opportunities, maintenance of renewable resources, and many other
factors. Information about such variables is compiled, evaluated, and
balanced by the planning process, Plans for post-mining landuses
should recognize not only the possible impact of mining itself, but
also the impacts of ancillary facilities, as well a8 the regional
impacts on biological resources, social and economic conditions. One
purpose of such planning could be to identify the various alternatives
in post-mining landuse planning.

Furthermore, a useful and flexible nonquantitative technique,
such as a fuzzy set approach, may constitute a realistic medium for
asgesasing many types of feasibilities for various alternate post-
mining landuse plans. Because the fuzzy set methodology is
specifically designed to reflect many of the imprecigsions and

ambigquties present in the real world.
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WORK IN PROGRESS

One major criterion of the work in progress is to make the
technigue as realistic and simple as possible, for handling real world
problems., As a first step, a detailed questionnaire is being prepared
that will be used to establish the post-mining landuse goalsg, the
influence of the various factors in the preference matrix and the
subjective values or the coefficients of the interaction matrices. 1In
this way the relative importance of various.factors in alternative
landuse plans will be developed, taking into account the viewpoints of
various interest groups. The second step of this work is to detail
the application of the methodology using collected information and

summarize the analysis procedure for other geographical areas.
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