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Abstract 

Comprehensive planning is an elusive ideal. The practical planner 
must sort the relevant information from the vast amounts of data that 
modern technology can collect. The objective of this study was to use 
the Upper Blackfoot watershed in the mountains of SoutheasterQ Idaho as 
an arena for developing methods for construction, refinement, and 
application of indices needed to design land and water management 
schemes, compare alternatives, and influence the public in their uses of 
the area. A total of 21 uses were examined on 343 land units of a 160 
square-mile area ranging in elevation from 6300 to 9000 feet and where 
the principal activities of grazing, lumbering, mining, and recreation 
can only be undertaken in the summer after the snow has melted. The 
indices considered were a reasonability index for screening out unreason­
able uses at the start of the planning process, an index of use inten­
sity for estimating an amount for reasonable uses, and an index for 
estimating the utility of the amount of use made from the public view­
point. Data were collected on 43 attributes for the 343 land units and 
used in a linear programming model to maximize 1) economic benefits from 
use of the area and 2) minimize environmental disturbance. The resolu­
tion in the available use data limited the model solution to allocating 
uses among 18 larger land units. The primary factor limiting the 
modeling, however, was the lack of information for defining the inter­
actions among the uses. The analysis provides a framework for classify­
ing and identifying interactions beginning with the simplest case 
of simultaneous use by two uses in near proximity. The contribution of 
the study was a framework for analysis and the identification of the 
needs for research on the physical interactions among simultaneous uses, 
the perceived interactions of simultaneous users, and characterization 
of attributes for defining the quality of an area for a use. 
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CHAPTER 1 

INDEXING AS A PLANNING TOOL 

Water resources development supplies water for municipal and 
irrigation uses, generates hydroelectric power, controls floods, and 
provides facilities for outdoor recreation. Land resources development 
provides sites for cities and farms, minerals, and recreation open 
space. Often these and other land and water uses conflict with one 
another and management is required to integrate multiple uses in the 
public interest. The task of management has been made increasingly 
complicated as more people employing higher levels of technology use 
more of nature's fixed resource base. Further development for still 
greater use requires larger projects with greater energy consumption. 
The resulting fuller resource utilization reduces the management flexi­
bility previously associated with under-used resources and simultane­
ously increases the number and the complexity of the interactions among 
physical, economic, ecologic and social factors in natural and human 
environments. 

For example, as larger demands exhaust local water sources, new 
water supply facilities must be more massive. The needed projects have 
greater direct impacts and, in a more interactive world, more numerous 
and lingering indirect impacts. Interactive effects alter vegetation, 
change flow regimes, spread pollution, and reshape aquatic environments. 

Planning is the art of anticipating impacts and adjusting develop­
ment plans and management policy accordingly. Planners strive to 
achieve ever expanding human goals for a better life within ever tighter 
constraints. Their ideal is to be comprehensive, to estimate every 
impact, to evaluate every interactive relationship, and to use the 
information in the objective maximization of social goals. 

For years comprehensive planning has been the accepted rhetoric. 
Ideally, its pursuit should begin with research defining the effects of 
natural resource uses (individually and interactively) on the total 
environment and proceed with applications, monitoring and refinement 
through experience. For the most part, comprehensive planning has not 
worked this way. One sees instead data collection ad infinitum, with 
minimal quality control on the measurements, no consistency on measured 
items from one project to the next, and little depth of interpretation. 

Comprehensive planning remains elusive. Instead of eliminating 
surprises in the objective maximization of human welfare, the multipli­
cation of data has made planning more costly and more time consuming. 
Presentations have grown more difficult to understand, partly because 
of their bulk, but also as the coverage of additional interactions adds 
new concepts and new technical terms to the planning vocabulary. 
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As fuller natural resource use causes more interactions, as new 
instrumentation increases the capacity to collect data, and as faster 
computer systems can massage more numbers into more forms, the mass of 
data available for planning grows geometrically. However, the process 
cannot just continue to add inputs to decision making without causing 
overload and breakdown. Well intentioned planners take great time and 
cost checking out inconsequential details. Masses of unconnected data 
are misapplied by people of diverse viewpoints and sometimes ulterior 
motives. Issue resolution is delayed as bad cases are made stronger by 
proponents with more facts. Planning productivity plunges. Information 
overload is counterproductive to objectivity. 

In conclusion, the need for comprehensiveness has led to form 
without substance. As one example, the legal requirements for environ­
mental impact statements are satisfied if information is made available; 
integration into decision making need not be demonstrated. The planning 
process needs a way back to anticipating important impacts and deliver­
ing information that promotes the good and hinders the harmful. 

It is just not practical to approach comprehensive planning by 
presenting all the data that modern technology can collect. The trend 
toward information overload must be counteracted by 1) collapsing data 
(reducing their bulk for a given content) and 2) displaying differences 
among alternatives quickly and efficiently in understandable form. 
Collapsing data reduces redundancy, and efficient display facilitates 
thoughtful comparison of alternatives. Improved data management is 
essential to improved planning productivity. Indexing can provide the 
needed framework. 

Index construction (expressing extensive information into a few 
indicators of processes or states) needs to begin from sound scientific 
principles. Principles from the physical sciences can be applied in 
engineering design to assure functional performance. Principles of 
economic efficiency can be applied to maximize net benefit. Principles 
of environmental protection and social well-being can be used to protect 
these vital systems. For example, environmental health is found in the 
stability of a mature ecosystem, and social health is found in human 
satisfaction and fulfillment (James et al. 1978a). 

Scientific principles are important in organizing information for 
objective choice, but planning is not rote implementation of measures 
selected through a model of scientific rationality. It is not ethically 
acceptable to let scientific optimization dominate the fundamental 
precepts of free choice. People are not inert objects to be manipulated 
by modelers. What is best for a person depends not only on objective 
observations of how he or she is affected, but also (probably more so) 
on how he or she feels about it. The planning process should, according 
to the democratic ideal, culminate not in impLementation but in display 
that conveys understanding. 

While resource management decisions are ultimately political, 
scientific reLationships constrain the choices. Counterproductive 
poLitical controversy and political selections of choices impossible (or 
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impractical) to implement can be reduced by better understanding, more 
careful application, and clearer exposition of scientific principles. 

In order to search out how people feel, planning has married the 
ideal of scientific understanding to the ideal of public participation, 
broadening the base of decision makers to all who care. People are 
asked what they want; often through leading questions on how they feel 
about what planners propose. In soliciting responses, planners face the 
practical problems of presenting scientific information so that a 
nontechnical public can make rational decisions and can negotiate 
compromises when groups have differences in preferences. 

After a choice is made, one step remains; implementation. Most land 
and water uses are not made directly by governmental planners. The 
decisions are implemented by influencing people toward uses deemed in 
the public interest (James 1975). Decision making requires passive 
consensus; implementation requires active concensus or going out to do 
something in the spirit of the decision. There is a big difference. As 
an example, Clark et al. (1971) found distinct differences between 
campers and campground managers over the types of activities best 
meeting common goals. The implementation process will probably always 
disclose sources of disagreement unanticipated during the planls de­
velopment. But without systematic information collection, these dis­
agreements may go unnoticed or misdiagnosed, and resources managers may 
design implementation programs that are undermined by public opposition. 

All three planning processes (scientific evaluation, public partici­
pation, and plan implementation) are facilitated by objective informa­
tion. The quality of the planning product is determined by how well and 
how widely relevant information is identified, collected, collapsed into 
succinct form (indexed), presented (displayed), and understood. 

Scientific facts are needed by designers for performance evaluation. 
Facts on both sides of tradeoffs must be presented in good faith as 
planners interact with the public in policy formulation. Motivating 
facts must be convincingly presented to get potentially nonbelieving 
land and water users to follow public policy. 

For developing indices that efficiently display the important 
factors from a mass of complex information for these three applications, 
the questions of interest are: What do people (designers, deciders, 
users) want to know? What forms (varying both among and within the 
three groups) communicate that information best? What appeals do best 
in encouraging individual users to conform to collective decisions on 
public interest? What index and display systems promote decisions that 
give those making them long run satisfaction? People want assurance 
that an alternative will perform. In making up their minds, they want 
to know how alternatives differ in effects on the things they value. 
They want technical detail collapsed into the essence of worth~hileness 
or objectionability. 

Collapsing data into fewer indices, however, results in information 
loss, and attention must be given to preserving the information content 

3 



most meaningful to users. Information content can be technically 
defined and provides a statistical criterion for evaluating how much 
additional information a new index adds. Other criteria must be applied 
in determining how useful the information is. These criteria grow out 
of the needs of the three planning processes: importance in the 
technical interactions governing design, relativity to values governing 
group consensus, and contribution to getting user groups to conform to 
collective choices. In order to avoid information overload, inter­
actions of secondary concern or influencing the decisions of few users 
may have to be omitted when making tradeoffs in index development. 

The system designer, policy decider, and water user can all work 
more efficiently with a few indices relating to basic values. Designers 
seek performance; policy deciders seek economic efficiency and a few 
other social objectives; water and land users are concerned with 
personal economic, environmental, and social goals. Because different 
groups want different indices, more indices must be developed than are 
of interest for anyone purpose. 

The objective of this study was to. use a high mountain watershed 
in southeastern Idaho as an arena for gathering facts and developing 
methods for the construction, refinement, and use of indices which 
capture the economic, social, and ecological impacts needed to guide 
land and water management schemes, compare alternatives, and influence 
uses. A high mountain watershed was selected as a site where land and 
water management presents issues on which many people feel keenly in a 
setting where most uses are light and the interactions (at least the 
social ones) are relatively less complex than those that occur with the 
greater number of actors in more densely populated areas. 

The indexing was to 1) employ known physical, biological, and 
perceptual relationships in hypothesizing the determinants of land and 
water use, evaluating uses according to the public interest, and esti­
mating competing or complementary interactions among uses, 2) use 
historical data to assess the reasonableness of these relationships, and 
3) construct a model permitting planners and the public to see the 
implications of alternative choices. A capability to forecast the 
implications of alternatives and express the important implications in 
indices representing priority concerns is an invaluable deterrent to 
regretted choices; it is the hope for comprehensiveness in planning; it 
is the foundation for monitoring to be sure that all r.emains well. 
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CHAPTER 2 

PRINCIPLES OF INDEXING 

Introduction 

Indices capture the important information content for three major 
applications; to 1) define relationships among variables for development 
or management design, 2) forecast development or management results for 
evaluating alternatives, and 3) motivate cooperation among diverse 
interests in implementation. The first role is primarily scientific or 
predictive. The second and third roles are both evaluative with the 
second addressing evaluation from the overall public interest and the 
third contributing to evaluations from the viewpoints of the particular 
interests of specific groups or individuals. 

Economists have used indices for years in watching changes in 
prices or economic productivity. In the last 25 years, both the predic­
tive and evaluative roles of indices have been expanded conceptually. 

Tinbergen (1952) introduced and Land (1974, 1975) refined the 
combined use of policy instrument (manipUlable) indicators, initial 
state (nonmanipulable) indicators, and output indicators depicting 
direct results and side effects (Figure 1) for examining economic policy 
alternatives. Their configuration uses indices to compare the utilities 
of outcomes, but it also draws attention to the applicability of indices 
in defining causal relationships for use in predicting outputs from 
input factors. Such defined causal relationships can be used to fore­
cast the influences of both exogenous and controllable variables on the 
output variables. Conversely, they can also be used to identify the 
values of the controllable variables necessary for the planner to 
achieve a "desired" outcome. Fox et a1. (966) define the two-way use 
of these constructs as "consistency modeling." 

For both predictive and evaluative applications, index construction 
begins by applying statistical techniques to reduce redundancy. For 
predictive applications, selection of the relevant information content 
requires identification of the applicable laws in the physical, eco­
nomic, biological and social sciences. For evaluative applications, 
selection requires information on how people feel about the futures 
predicted for them. 

The Data Base 

Index development starts with a system to be examined and a purpose 
for that examination. For planning purposes, one needs to know the 
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Figure 1. Kinds of indicators and their relationships (from Land 1975). 
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state of the systems and how the factors describing that state interact 
with one another. Descriptive information must be collected to begin 
the study. 

Limitless indicators can be used to describe the states of the 
physical, economic, ecologic, and social systems existing at a given 
time on a given area of land. Some are very simple; others can only be 
measured with sophisticated instruments by people with special interpre­
tive tra~n~ng. Relevant measurements must be selected and made, and the 
mass of data then has to be reduced so that the information obtained can 
be applied. 

Statistical Analysis 

The collected data need to be examined for redundancy; correlations 
need to be identified so that total information can be expressed with 
fewer numbers. Each number needs to be scaled so that changes in its 
magnitude can be properly interpreted. 

A variety of statistical methods has been proposed for these 
purposes (Gum 1973, 1974, 1976; Arthur et ale 1976). Mahmood and Messer 
(1982) outlined the combination of factor and principal components 
analyses used in formulating water quality indices for this study. 
Stevens (1946) identified four empirical operations in constructing 
scales as the determination of a) equality, b) greater or less, c) 
equality of intervals, and d) equality of ratios. A nominal scale is 
based only on the first; an ordinal scale is based on the first and 
second; an interval scale on the first three; and a ratio scale on all 
four (Metfessel 1947). Ranking provides only an ordering of items with 
respect to preferences. Rating also provides the distance between 
points on a preference scale. Comparative techniques add a zero point 
and thus allow such ratio comparisons as A being preferred twice as much 
as B. 

Construction of rankings, ratings, and comparison ratios requires 
different information processing algorithms. Possibilities include but 
are not limited to: 

1. Ranking - average rank of each item over the sample 

2. Rating 

a) average rating for each item over the sample 

b) ratings calculated from Theory of Signal detection methods 
CSwetts et al. 1961; Daniel et al. 1971) 

3. Comparative judgment 

a) general allocation of points among all categories (Met­
fessel 1947; Gum 1973) 
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b) ratio scale calculated by rational origin method based on 
paired comparison (Thurstone and Jones 1959) 

c) ratio scale based on paired allocation of points (Comrey 
1950) 

For mathematical manipulations, such as combining indicators into 
indices, the value weightings must have ratio scale properties. The 
tests used in the social sciences for these properties are the Comrey 
Paired Allocation Test and the Gum General Allocation Test. 

Indicators that pass the test can be combined into indices through 
a function of the form 

P = xbyczd (1) 

where, for example, 

P might be an index of recreation 

x might be an indicator of fishing 

y might be an indicator of camping 

z might be an indicator of hunting 

The exponents b, c, and d define the relation of the indicators to the 
perceived overall recreation value. Gum (1973) explains the theoretical 
basis for converting the preference measures obtained from the Comrey or 
Gum tests to the exponents in Equation 1. Other methods for incorpor­
ating preference information into indices have been proposed by Brown et 
al. (1970, 1971), Crawford et al. (1973), The selection of appropriate 
means depends on the theory used in specification of the indicator 
(Biderman 1966), on the information needs of the potential users 
(De Neufville 1975; Garn et al. 1976), and on the mathematical properties 
of the indica~ors to be combined (Kruskal 1968; Osborne 1976; Ott 
1978). 

Predictive Effectiveness 

The best predictive indices are obviously those that are key 
variables in a causative relationship. Where a causative relationship 
is known, indexing becomes a task of finding the best way to measure a 
needed variable in the given field situation. Where the causative 
relationship is not known, indexing becomes a task of identifying 
plausible factors and then testing them by statistical or other means. 
In either case, the effectiveness of an index as a predictor is evalu­
ated scientifically. 
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Evaluative Effectiveness 

For evaluative applications, indices must also be concensus accept­
able to those using them. De Neufville (1975, Ch. 10) describes how a 
social indicator must be institutionalized to affect decision making. 
Institutionalization legitimizes concepts and ensures continuing mea­
surement of the indicator. The elements of institutionalization are: 

1. The concept of the indicator meshes with user perception of 
relevance. 

2. The agencies that collect and massage the data are respected, 
and their measurements are free from political control. 

3. Long term financing for regular measurement is dependable. 

4. The data are presented in a nonpolitical context. 

5. Informed, active interest groups use and support continuance of 
the data series. 

6. The media and the public are consc~ous of the indicator's 
existence and its role. 

7. Processes are established and followed for orderly refinements 
ln concepts and methods to update the indicator. 

8. The indicator is tied into particular programs as a criterion 
for funding or a trigger for operation. 

9. The indicator is tied into the conduct of policy to which 
government is committed. 

10. Governmental or quasi-pUblic groups use the indicator in 
formulating policies. 

Items I, 2, 6 and 10 in De Neufville's list vary among different 
index user groups according to both their desired application and level 
of analysis (Larson et ale 1979). Much of the work to define social 
indicators has been done from a national perspective. Little attention 
has been given to indexing to serve the policy needs of state and local 
jurisdictions or to support appeals to resource users to follow the 
public interest in choosing among available alternatives. The focus of 
this study on small mountain watersheds and on information needs at 
local and individual levels is breaking new ground in index application 
to the local arena where land use planning occurs in the United States. 
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Considerations in Defining Evaluative Indicators 

Analytic Approach 

Evaluative indicators, those for comparing the utilities of alter­
natives, have received the most attention; and, of these, economic value 
(benefits net of or divided by costs) has often had the Dot tom line in 
decision making. However, environmental movement now has planners 
looking more broadly and uncovering areas where individual viewpoints 
vary and consensus is more difficult to reach. 

Two principal approaches have been used in the search. One popular 
approach ("Toward a Social Report,'t U. S. Department of Health, Educa­
tion and Welfare 1969; Techcom (the Technical Committee) 1971, 1974) has 
been to identify reasonable goals for society and then reason increas­
ingly detailed objectives until reaching a set of measurable indicators. 
The "Principles and Standards tt <U.S. Water Resources Council 1973) were 
built by this intellectual exercise. 

Synthetic Approach 

In contrast to the above analytic approach, the synthetic approach 
(Andrews and Withey 1976) identifies popular concerns by public survey 
techniques. General concerns are translated into specific criteria, and 
indicators are constructed to represent these criteria. Of the two 
methods, the synthetic approach seems far more useful for establishing 
indices that explain the tradeoffs made among diverse groups in reaching 
a consensus or that can be used to encourage implementation. Different 
viewpoints can be ascertained by surveying various groups much easier 
than they can be determined analytically. Further illustrations and 
applications are provided in Finsterbusch and Wolf (1977). 

Hierarchy of Indices 

When selecting indices of value, one should cover the important 
values; but there is no need to add indices that restate values already 
contained in accepted indices. Human values can be broadly classified 
as economic, ecologic, and social. The logical approach to minimizing 
duplication was to begin with the economic index, try to capture as much 
residual information as possible in the second index, and continue in 
this manner to cover the important effects. The specific strategy 
was: 

1. Forecast economic consequences and express them in estimates of 
net benefits. 

2. Assuming the second ranking value in mountain areas to be 
preservation of the natural environment, identify environmental values 
not covered by the economic analysis and convert them into an index 
measuring net environmental impacts. 
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3. Identify social values not covered by the economic and environ­
mental indices. For exampLe, human well-~eing may suffer when opportun­
ities for mountain experiences are reduced. 

4. Assess a) whether the indices agree with index user perceptions 
of importance and b) whether measured values of these indices satisfy 
user information needs. 

Economic Aspects 

Economic activity in a high mountain watershed is largely driven by 
forces operating within a larger economy. Schumpeter (1961) attributes 
development in the economy at large to one or more of new combinations 
of productive resources. These are: introduction of a new good, intro­
duction of a new production method, opening of a new market, development 
of a "new" raw materials supply, and modification of the way industry is 
organized. Mountain areas primarily supply raw materials, including 
both commercial products and natural environments for recreation 
experiences. 

Maki (1968), MacMillan (1968), and MacMillan et al. (1968) describe 
economic development as encompassing greater resource productivity, a 
wider range of real choice for consumers and producers, and broader 
clientele participat~on in policy formulation. All three apply to 
mountain areas. 

Economic development in high mountain areas thus implies greater 
rates of extraction of both renewable and nonrenewable resources, and 
more recreation facilities. Decisions to make greater use are made by 
individual users (recreationists, cattlemen, lumber company managers, 
etc.) interacting with resource managers (U.S. Forest Service officials, 
water quality control officials, etc). The users are motivated more by 
profits and personal satisfaction, and the managers are motivated more 
by overall net benefits to whomsoever they may accrue. 

Both sets of decision makers need reliable information on the costs 
and benefits associated with particular actions at particular locations. 
Site development costs vary greatly over small distances, but benefits 
are much the same wherever a use occurs. Consequently, the economic 
indices emphasize 1) the benefits of resource development (use) from the 
national viewpoint and 2) the costs o£ development (use) at the specific 
site from the viewpoint of the private sector. Local (traditionally 
called secondary) benefits and national costs are recognized to exist 
but assumed to be much smaller in magnitude. 

Environmental Aspects 

The environmental values of a high mountain area that does not con­
tain unique wilderness features are largely associated with aesthetics 
and runoff. The quality of the aesthetics and the amount and quality of 
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runoff are in part determined by biological act1v1ty that may of itself 
have additional long term environmental values. 

Preservation of these environmental values thus requires that 
settings of high aesthetic character or that generate high quality 
runoff be protected. Special attention needs to be given to protecting 
runoff when managing mountain area land use because of the importance of 
mountain areas as a water source, the dependence of runoff quantity and 
quality on catchment characteristics, and the potential alteration of 
those characteristics by commercial or recreational use. Meaningful 
evaluation and land use changes require quantitative relationships for 
estimating land use impacts. However, derivation of adequate relation­
ships is complicated by the fact that neither quantity nor quality are 
simply conveyed in a single measurement. Quantity is a total volume, 
but water users also need information on how runoff is distributed 
within the year and varies from year to yea~. Quality is a collective 
concept combining innumerable parameters to define water pollutants and 
their effects. However, the number of indices that are needed to 
establish reliable predictive relationships are fewer than one might 
expect. The basic uses of mountain lands are few, mountain areas 
classify into relatively few ecosystem types, and downstream users are 
concerned with relatively few quantity and quality parameters. 

In selecting runoff indices, one needs to cover runoff quantity and 
quality characteristics that affect either instream or diversion uses. 
F~r example, the use of water for drinking is limited by viruses, 
bacterial pathogens, toxic heavy metals, and many organic compounds. 
Activities that increase concentrations of these variables shift water 
to less productive uses. Where the original uses are still permissible, 
reductions in the value of water should be estimated (Helweg and Alvarez 
1980). 

Instream values depend on the health of the aquatic ecosystem. 
Aquatic ecosystems possess two complements, the abiotic environment and 
the natural community, Assuming that the geologic and climatic features 
are relatively constant, within the annual cycle of seasons, a steady 
state develops within which solar energy flows into the natural commun­
ity, is processed by various life forms, and is released as heat or 
productivity. A steady state of annual cycles is maintained as long as 
the pattern of energy and material inputs continues. Ecosystem stress 
occurs with the expenditure of energy in disrupting the system. Eco­
system stability (resistance to stress) is a function of diversity 
(Margalef 1968) or the number of ecological niches or functional roles 
that exist within the community. 

A climax community generally has maximum diversity and is reached 
at the end of successional steps that result from competitive changes 
within the ecosystem and occur in a systematic and definable manner. 
The climax reached at a given location depends on environmental vari­
ables (hydrologic, soil, physiographic, climatic, and other factors). 
Carrying capacity can be defined only under steady state conditions for 
a climax community. 

One can logically hypothesize ecological maturity as the ideal 
state for the environment at a given location. However, it is one that 
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conflicts with use of 'the same area by the human economy. Some natural 
environments have to be sacrificed. In deciding which ones, the planner 
must recognize that some mature ecosystems are more productive, aes­
thetic, or unusual than others. One general index to the value of a 
mature ecosystem is the time nature required to achieve it (James et al. 
1978b). The time depends on the life-spans of the predominant species 
in the various stages of the succession toward maturity; for example, a 
mature forest environment takes much longer to achieve than does a 
mature grassland environment. 

For quantifying the quality of a specific ecosystem, a watershed can 
be divided into i ecologically homogeneous areas, Ai as illustrated 
in Figure ~. The j possible uses for the areas can then be listed as Uj. 
For ecologlcally homogeneous area AI. one can visualize environmental 
factors El and EZ as controlling the carrying capacity for (ability of the 
environment to support) use UI (Table 1). Some other indicator, E3, 
may be more reasonable for estimating the carrying capacity of Al for 
use UZ. A still different combination of indicators, EZ and E3. may 
represent the carrying capacity for use Ul of area AZ. Other areas 
and uses could have still different combinations. 

Human energy expenditure on a land area may increase populations 
of some species to more than their carrying capacity (agriculture, 
tree farming, range seeding, etc.), decrease populations until a climax 
species can no longer sustain itself (clearcutting, burning, etc.) 
and faster-growing species take over, or change the carrying capacity by 
altering populations of supporting or competing species. Specific 
changes depend on the amount and form of energy expenditure. 

Social Aspects 

The social values of a high mountain area are largely found in 
their satisfaction of the human need for wilderness experiences. 
Social-psychologists and mental health researchers have long recognized 
that people are affected by their environment. Social-psychological 
literature suggests that physical and mental health are fostered by 
self-actualization. Specifically, a person profits by encountering, 
coping, and surmounting a variety of obstacles that are challenging, but 
not so hostile that life or the will-to-live is destroyed. 

For the purpose of this research, social indices may be considered 
in analogy to the relationship of environmental indices to ecological 
maturity. The effect of a uniform environment (whether natural or 
social) is to diminish the quality of life. People are made happier 
by environmental diversity. A succession exists in that a person is 
attracted to a new environment; but as his needs for the experiences 
that it provides are met, he shifts to other environments for still new 
experiences. Eventually a person reaches a state ("maturity") that 
balances the environmental experiences in a manner best meeting his 
or her needs (maximizing his or her health). 
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Ecologica Ily 
Homogeneous 
Areas (Ai) 

Figure 2. Illustration of watershed subdivision for ecological 
analysis. 

Table 1. Index combinations used to evaluate the environmental quality 
of a specific ecosystem. 

Uses Homogeneous Areas 
A2 

E2,E3 

U2 E3 

Note: The Es are hypothetical environmental indices of the carrying 
capacity of a specific ecosystem subarea. 
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The combination of environmental experiences best for an individual 
varies with culture, social background, age, physical condition, and 
other personal characteristics. Strictly speaking, each individual has 
his own ideal environmental experience. The practical problem is to 
index health and environmental factors so that indices can be derived 
and the concept can be made operational (Brogan and James 1980). One 
advantage of selecting a high mountain watershed to consider indicators 
of social value is that the number of likely causative linkages between 
environment and health are fewer than they are in environments where 
people live and work. 

Five major conceptual linkages have been proposed for explaining 
how the physical environment affects human well-being: physiological 
change (MetroStudy Corporation 1972), territoriality (Lyman and Scott 
1967), personal security (Glass and Singer 1972), environmental control 
(Hill and Meek 1971; Perlmuter and Monty (1977), and social communion 
(Hirschi 1969; Cassel 1971). James et al. (1974) found the last of 
these to be the most significant in the relationship between people and 
their residential environment in Atlanta, Georgia. 

In mountain watersheds, one might expect the following relation­
ships: 

1. Physiological change: The fresh a1r and exerC1se of wilderness 
experiences benefit physical health. On the negative side, one can 
visualize wilderness accidents or disease brought on by exposure to the 
elements (for example, being drenched by a summer thundershower), 

2. Territoriality: Visitors to wilderness areas are not willing 
to accept the same frequency of intrusions by outsiders as people are in 
other environments. Some intrusions do not even require the personal 
presence of the intruder but only refuse, crushed plants, trail erosion, 
or other evidence of his having been there. 

3. Personal security: Visitors to wilderness areas can be fright­
ened or harmed by wildlife or by other visitors, by becoming lost, or by 
perceptions of hazardous conditions. 

4. Environmental control: Visitors to wilderness areas come with 
preconceptions of the environment that they would like to see and are 
disturbed by encountered degradation. Even people who do not visit may 
feel offended at hearing of such changes. 

5. Social communion: Visitors to wilderness areas can draw closer 
to accompanying family or friends or become better adjusted through 
escape from people or cares left behind. 

Implementation Applications 

Planning decisions on land and water uses are implemented through 
indirect means such as regulation, charging, and information dissemi­
nation. All too often, the regulatory process is assumed to achieve 
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total compliance at zero cost. In actuality, regulation involves cost, 
and some activities are much more costly to regulate than are others. 
Information dissemination can facilitate compliance and reduce regula­
tory costs. Charging schemes provide incentives, help defray management 
costs by raising revenue, and ration use according to need. 

Watershed planning needs to opt1m1ze in terms of maximizing the 
benefits from land use and from use of the runoff net of the costs of 
implementing the plan. Indices are useful in optimizing the implementa­
tion scheme, determining when plans should be adjusted to avoid costly 
implementation problems that encourages public compliance, and improving 
the efficiency of individuals charged with executing the implementation 
plan. 

Forest Service Planning 

Since the U.S. Forest Service is the major land owner in the study 
area, this study was coordinated with their planning so as to be able to 
use their data and to produce results they can apply. Forest Service 
planning divides the total land area into recreation units and sub­
divides these into ski areas, recreation highway corridors, developed 
hiking areas, pristine hiking areas, areas for dispersed recreation, and 
areas of restricted use. Areas are also classified according to whether 
they are open, restricted, or prohibited to mineral development, graz­
ing, or lumbering. The classifications follow stated management objec­
tives for an area. 

Forest Service act1v1t1es are structured to achieve these objec­
tives. They define permissible uses of water, air, recreation lands, 
visuals, wildlife, range forage, timber, and historical and archeologi­
cal sites and attempt to prevent other uses from occurring. the Forest 
Service also has programs for fire control, insect and disease control, 
and mineral development. 

Management objectives in allocating land uses are: 

1. Meet basic requirements of law, regulation, and policy. 

2. Resolve conflicts in land use. 

3. Establish an optimal mix of uses. 

4. Meet public health requirements. 

5. Meet economic and social needs of individuals in a manner 
acceptable to the general public. 

6. Provide a basis for land ownership adjustments. 

Gomm (1979) outlines Forest Service study plan formulation as 
encompassing 1) involvement of the public and all levels of government 
in defining management schemes and criteria for deciding among them, 
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2) systematic evaluation of the schemes according to the criteria 
chosen, and 3) implementation so as to be responsive to new issues and 
concerns through what is called dynamic land management planning. The 
process identifies tradeoffs in consequences (between big game and 
livestock, for example), gathers data for weighing the tradeoffs at 
particular locations, involves the public in their resolution, an­
nounces the management decision, and monitors response. 

Suhr and Carder (1979) compare three indexing techniques for 
Forest Service use. The "alternative action evaluation technique" 
uses preassigned weights to combine factors into a composite pref­
erence index. The "pairwise comparison approach" uses pairs to rank 
evaluation criteria in importance, normalizes performance toward each 
criterion on a 0 to I scale, and sums the products to establish the 
preference index. The "trade off evaluation procedure" (McKee and 
Simmons 1978) ranks alternatives by developing a factor profile for 
each for comparing scores, criterion by criterion, and then using 
indifference scaling to rank the profiles. All three indices are 
oriented toward application by a single decision maker charged with 
optimization of overall forest management. 

Basic Relationships 

For this study, the indices were formulated from indicators that 
represent attributes that affect use decisions, use impacts, or use 
interactions. According to the adopted terminology, attributes are 
conceptual causal factors, indicators are numerical measurements used 
to quantify those attributes, and indices are used to express the 
combined effect of two or more indicators. Rather than using the 
shotgun approach of measuring many indicators and using statistical 
methods to search for significant associations with use, this study 
began by hypothesizing what a person would logically want to know when 
considering a given use decision, what characteristics of an area 
affect use impacts, and what characteristics affect use interactions. 
The hypothesized attributes were used to suggest indicators that could 
be measured. Information hypothesized as relevant could then be 
confirmed or refuted from correlations between the measurements and 
use data. 

Uses result from decisions made by individuals (for themselves or 
as part of a management group) from information available at various 
levels of aggregation and interpreted from various viewpoints. For 
example, decisions to cut firewood are made by people combining 
recreation with their need for fuel and guided by land manager deci­
sions formulating policy regulating cutting. The decisions are also 
influenced by opportunities for other uses perceived to be comple­
mentary (a trout stream adding to the recreation experience) or . 
competitive (a herd of cattle interfering with the work). The pro­
spective firewood cutter also considers factors that influence demand 
for firewood (alternative fuel cost), the general destination (travel 
distance), and the specific location at that destination for cutting 
(availability of suitable trees). Management decisions try to influ-
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ence users to act in compliance with such broader concerns as aesthe­
tics, fire hazard, and national energy policy. 

Information useful to each decision can be expressed by indices. 
To reduce the cost of planning, the decision making can be facilitated 
by screening out land areas in which the use is not even reasonable 
(firewood cutting on riparian grasslands, for example). Accordingly, 
the evaluation of the suitability of a given land area for a given use 
began by establishing a reasonability index of the form: 

IRui = fu (Ali, A2i ••.•. Ani) (2) 

where IRui is a binary variable of value 1 if use u deserves further 
consideration in land unit i and 0 if it does not, and fu is some 
rule which can be applied for determining the reasonability of use u 
from data on An easily measured indicators. Specifically, fu 
converts indicators into an index. For the example application 
described in the next chapter, ownership, vegetation type, and 
locations with beetle infestation were known. The IR2i (firewood 
cutting was use 2) were assigned a value of 1 for land units contain­
ing dead conifers on public land and 0 for other land units. Ob­
viously, another reasonability rule would be applied in areas where a 
beetle infestation has not led to a policy promoting removal of dead 
trees. 

For units whereon a use was indexed as reasonable, a use inten­
sity index was sought with the form 

gu (Bli •.... Boi, Cl ..... Cp) (3) 

where IPui is an ordinal scale becoming increasingly larger with 
greater amounts of the use, and gu is some rule which can be applied 
for use u with data on Boi indicators (combining selected Ani 
indicators with other information whose measurement is more difficult 
but justified where the use will probably occur) representing attri­
butes of the immediate land unit and Cp indicators representing 
attributes of a larger area round about. For this study, the C 
indicators are assumed to have the same value for all land units. 

Since the desirability of a use depends on both user and public 
viewpoints, Equation 3 can be expanded to estimate the utility rather 
than the amount of the use giving 

IUui = Mui Vui IPui 

where IUui is an index of the overall utility of the use, Vui 
represents the unit value of use to the user, and Mui is a multi­
plier to adjust user value to desirability from the public viewpoint. 
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Mui is greater than 1 when it is in the public interest to promote a 
use and less than 1 when it is in the public interest to restrict the 
use. It was assumed for this study that Vui is a scalar value with 
economic units and constant for all land units (i). The Mui are 
potentially functions (hu) of subsets of the Band C variables in 
Equation 3. 

The Band C variables represent attributes expected to influence 
1) people deciding whether and where to engage in a particular use or 
2) the public attitude toward those uses. The analysis seeks to 
identify attributes current users consider important, measure indica­
tors of those attributes, and combine them into indices. Measurement 
selection requires evaluation of how much information on an attribute 
is improved by greater measurement effort. 

For the firewood cutting example, factors hypothesized as influ­
encing the amount of firewood cutting within the total watershed (the 
C variables) were 1) a gravity model estimate of the demand of the 
population in the general area for firewopd, 2) the profitability of 
firewood cutting as estimated by the price, 3) the relative advantage 
of using firewood as estimated by the price of alternative fuels, and 
4) the competitive location of the watershed in comparison to other 
firewood areas with respect to popuLation centers. The factors 
hypothesized as influencing where a person cuts firewood within the 
watershed were 1) the amount of dead wood, 2) the quality of road 
leading to the site, 3) access as indexed by elevation because higher 
lands are generally steeper and farther from good roads, 4) land 
ownership, and 5) owner restrictions on cutting. 

Two sorts of data are required for establishing gu (estimating 
IPui). One is actual use data, Uui, defined as the amount of use 
u occurring annually in unit i normalized to a unit area basis. The 
other is measurements of the Band C indicators. 

Derivation of gu thus requires data on Uui, Bki (k from I to 
0), and C£ (~from 1 to p). Since only one watershed was examined 
in this study, no variation was available in the C indicators. All. 
that could be defined was a relationship 

IPui = g2u (Bli ••••• Boi) 

given the one setting defined by C1 ••••• Cpo Regression provides 
one tool for defining g2u. Approximations can be used when the 
amount and quality of the data do not support regression methods. 
Some of the preselected Bo variables may not be significant and 

(5) 

should be dropped. If the predictive power of the best formula is low, 
some definitions or measurement methods may need to be revised, or 
other variables may need to be added. On the other hand, a poor 
correlation may be simply caused by approximate use data or its 
inaccurate disaggregation into the i units. 
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The C variables could not be brought into a quantitative rela­
tionship in this study because data were only available for this one 
watershed, a situation making it impossible to quantify variability 
among watersheds. With a multiple watershed data base, one could 
regress watershed values of use per unit area on the C variables. 
Whatever form they may eventually take, quantitative relationships 
move water and land use planning from subjective judgments to an 
analysis which permits simultaneous tracking of many factors from many 
viewpoints. 

Estimation of the desirability of a use also requires consider­
ation of the public viewpoint. Information useful in estimating Mui 
(Equation 4) includes descriptions of current governmental efforts to 
promote or restrict use, attributes of a unit which influence public 
opinion on the desirability of that use at that location, and impacts 
of a use that make people feel it to be desirable or undesirable. For 
the example use of firewood cutting, the unit or B variables hypothe­
sized as potentially important to the public were 1) exposure of the 
unit to easy view from the surrounding area and 2) the amount of dead 
wood as it influences both sightliness and fire hazard. 

The relationship (again using hZ as an approximation of h for 
the given setting) 

Mui = hZ u (Bli ••••• Boi) 

given Cl ••••• Cp has both scientific and public opLnLon inputs. 
For firewood cutting, the reduction in forest fire hazard would be 
scientifically determined while the improvement to sightliness would 
be evaluated from public opinion to the gains from removing dead 
trees killed by bark beetles. 
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CHAPTER 3 

DESCRIPTION AND USES OF THE UPPER BLACKFOOT WATERSHED 

General Information 

The Upper Blackfoot watershed selected for study lies some 60 
miles east of Pocatello and 25 miles northeast of Soda Springs in 
Caribou County, Idaho (Figure 3). Defined as the catchment tributary 
to the Blackfoot River at the point where it leaves the Caribou 
National Forest, just below where the river flows out of a canyon 
called the Narrows, the study area covers 160 square miles (sq. mi.), 
109 of which are within the National Forest. Ownership of the remain­
ing area is divided among private parties (43 sq. mi.), the State of 
Idaho (5.5 sq. mi.), and the Bureau of Land Management (2.7 sq. ~i.). 
Established in 1907, the Caribou National Forest covers, in several 
separated units, a total of 1,250 square miles. 

The study area centers in Upper Valley located between two 
north- to northwest-trending mountain ranges. The grassed valley 
plains range up to several miles wide, are about 11 miles long, and 
geologically resulted from folding and subsequent block faulting. The 
Webster Range of the Rocky Mountains forms the eastern boundary, and 
from south to north, Dry Ridge, Wooley Range, and Grays Range border 
the catchment to the west. A gentle rise in the valley floor forms 
the northern boundary. 

Catchment elevations range from almost 9,000 feet above mean sea 
level at several points along the ridge line of its southeastern 
border down to about 6,300 feet at the point where the Blackfoot River 
leaves the study area. Mean annual precipitation varies from about 35 
inches (primarily snowfall) at the higher elevations to less than 20 
inches (still largely snow) on the valley floor (U.S. Forest Service 
1978). 

Upper Valley is drained by two perennial streams, Lanes Creek in 
the northern half and Diamond Creek in the southern half. The two 
join to form the Blackfoot River which flows eastward through the 
Narrows separating Dry Ridge from the Wooley Range. The 160-square 
mile drainage area contains 97 miles of stream of third order or 
higher. Downstream from the study area, the Blackfoot River flows 
into the Blackfoot Reservoir (storage capacity of 237,000 acre feet) 
built about 1920 by the U.S. Bureau of Indian Affairs for irrigating 
Indian lands on the Fort Hall Reservation. Although the study area 
constitutes less than 28 percent of the reservoir's drainage area, it 
contributes most of the runoff. 
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The geologic feature of principal interest is the scattered 
o~tcrops of the Meade Peak Phosphatic Shale Member of the Phosphoria 
Formation, particularly on Dry Ridge where several active phosphate 
mines are located. The study area also lies in the western Overthrust 
Belt, making it the object of active oil and gas exploration. No 
producing wells have been drilled so far. 

The Forest Service maintains gages on a number of smaller streams 
near the phosphate mining areas. Flow rates and several quality 
parameters are measured. Four U.S. Geological Survey gages are 
maintained on the Blackfoot River along its 80 mile course to the 
Snake River. Stream gage locations, tributary drainage areas, and 
average annual runoff amounts are listed in Table 2. 

According to the Forest Service's classification based on mor­
phology and soils, 40 land types in 10 major groupings are found in 
the study area (Table 3). Each land type was rated by the Forest 
Service according to its susceptibilities to erosion and mass failure 
(landslides) and productivities for range and timber. 

The vegetation varies with elevation, moisture, aspect, and soil. 
The six principal types of cover are conifer (primarily Douglas Fir 
and Lodgepole Pine), aspen, mountain brush, sagebrush and grass, 
riparian grass, and riparian willows. The forests are located pri­
marily at higher elevations on north and east facing slopes. The dry, 
cold climate is less than ideal for commercial timber regeneration but 
sufficient to support a moderate harvest program. Recently, a bark 
beetle infestation has damaged mature stands, and the dead trees are 
being harvested for firewood. 

A 1977 environmental ~mpact statement (U.S. Department of the 
Interior 1977) identified 75 species of mammals, 272 species of birds, 
13 species of reptiles, 6 species of amphibians, and 9 species of fish 
in the Caribou National Forest. Since the Upper Blackfoot drainage 
contains only about 8 percent of the forest area, fewer species would 
be expected in the study area. Game species include deer, elk, 
partridge, grouse, ducks, rabbits, and cutthroat trout. No endangered 
species are known to reside in the area. 

The nearest population center is Soda Springs, Idaho, established 
in the 18605 to secure a popular Oregon Trail rest stop from Indians 
(Bureau of Land Management 1978). Agriculture and phosphate ore 
processing now provide the major commercial support for its 4,500 
residents. 

Idaho Highway 34 from Soda Springs to Afton, Wyoming, passes 
through the northern tip of the unit and is the only paved road in the 
area. Because it is a more direct route from the Idaho population 
centers, however, the primary access to Upper Valley is by a gravel 
road entering through the Narrows from the west, following the Black­
foot River, and branching north and south in Upper Valley with the 
forks following Lanes and Diamond Creeks, respectively. Numerous dirt 
roads connect to this gravel road and provide access to mountain 
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Table 2. Stream gage stations--Blackfoot River. 

Location/Name 

USGS Gages 

Blackfoot River 
near Blackfoot, Id. 

Blackfoot River 
near Shelley, Id. 

Blackfoot Reservior 
near Henry, Id. 

Blackfoot River 
above reservoir 

Blackfoot River 
below the narrows 

USFS Gages 

Stewart Creek 
at confluence with 
Diamond Creek 

Diamond Creek 
above confluence 
with Stewart Creek 

Mill Creek 
near confluence 
with Blackfoot River 

Upper Angus Creek 
at Wooley Valley Mine 

Lower Angus Creek 
near confluence 
with Blackfoot River 

Sheep Creek 
at Forest boundary 

Drainage 
Area 
(mi2) 

1,295 

909 

581 

350 

161 

2.70 

10.69 

2.47 

1.42 

4.19 

7.37 

*Inflow to Blackfloot Reservoir is not gaged. 
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Average 
Annual 

Discharge 
(ac. ft.) 

139,100 

255,700 

* 

121,700 

111,523 

1,148 

2,876 

1,608 

279 

1,232 

5,681 

Yield 
(in. ) 

2.0 

5.3 

6.5 

13.0 

8.0 

5.0 

12.2 

3.7 

5.5 

14.5 
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Table 3. Land types found in the Upper Blackfoot River Area. 

Code 
USFS 

Number Description 

MOUNTAIN VALLEY BOTTOMLANDS 

01 044 Alluvial fans--timbered 
02 061 Alluvial lands--wet and overflow 
03 066 Dry alluvial land 
04 081 Toeslopes--timbered--deep. fine loamy soils 
05 082 Toeslopes--nontimbered 
06 084 Toeslopes--timbered--deep sandy soils 

RlDGELANDS 

07 200 Smooth ridge lands 
08 201 Dissected ridge lands 
09 202 Smooth ridgelands--shallow to moderately deep fine 

loamy soils 

STABLE MOUNTAIN UPLANDS 

10 300 Smooth mature fluvial lands 
11 301 Mature fluvial lands--nontimbered 

MOUNTAIN BASIN LANDS 

12 

13 

330 

333 

Smooth, mature basin lands--deep fine and fine­
loamy soils 

Timbered upland basins--moderately deep loamy-­
skeletal soils 

Inherent 
Erosion 
Hazarda 

L 
VL 
L 
M 
M 
M 

M 
H 

M 

M 
M 

M 

Mass 
Failure 
Hazardb 

VL 
VL 
VL 
VL 
L 
L 

VL 
VL 

M 

M 
VL 

L 

Productivity 
Potential 

RangeC Timberd 

NR H 
VH VL 
H VL 
H VL 
H VL 
NR L 

L VL 
M VL 

L VL 

L H 
M VL 

H VL 
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Table 3. Continued. 

Code 
USFS 

Number Description 

UNSTABLE SCARP AND DIP UPLANDS 

14 

15 
16 

17 

360 

362 
380 

381 

CANYONLANDS 

18 

19 
20 

21 

404 

405 
432 

433 

FOOTHILLS 

22 454 

23 456 

SIDE SLOPES 

24 500 

25 501 

Unstable dissected scarp-dip slope land-­
moderately deep fine and fine-loamy soils 
Unstable steep scarp-dip slope land 
Dissected scarp and dip slope land--mixed 
open and timpered 
Dissected broken and fluvial lands--nontimbered 

Steep canyon side slopes--timbered-shallow to 
moderately deep loamy-skeletal soils 
Steep canyon side slopes--nontimbered 
Steep unstable canyon lands--shaly-shallow to 
moderately deep loamy-skeletal and fine-loamy soils 
Steep unstable north-facing canyon lands--shaly­
shallow loamy-skeletal soils 

Unstable low foothills, mixed aspen and sage, 
deep fine soils 
Moderately dissected unstable foothills--mixed 
aspen and sage--deep fine loamy to loamskeletal 
soils 

Low relief unstable side slopes--deep fine and 
moderately deep fine loamy soils 
Weakly dissected unstable side slopes--aspen­
brush-deep fine and fine-loamy soils 

Inherent 
Erosion 
Hazarda 

M 
M 

M 
M 

H 
H 

H 

H 

M 

M 

M 

H 

Mass 
Failure 
Hazardb 

H 
M 

L 
VL 

L 
M 

H 

H 

H 

M 

M 

H 

Productivity 
Potential 

Range C Timberd 

M 
M 

M 
VH 

L 
M 

L 

VL 

H 

H 

H 

H 

VL 
VL 

M 
M 

M 

VL 

VL 

L 

VL 

L 

L 

VL 



Table 3. Continued. 

Code 

26 
27 
28 
29 
30 

31 
32 

33 

34 
35 

USFS 
Number 

551 
552 
553 
554 
602 

651 
653 

654 

656 
703 

~ MOUNTAIN SLOPES 

36 
37 

755 
871 

ESCARPMENTS 

38 
39 
40 

911 
912 
913 

Description 

Weakly dissected valley side s10pes--timbered 
Mature low relief valley side slopes 
Weakly dissected broken scarp s1opes--south-facing 
Weakly dissected broken scarp slopes--north-facing 
Unstable moderately dissected sideslopes--timbered­
moderately deep to deep-loamy a~d skeletal soils 
Moderately dissected valley side slopes--nontimbered 
Headlands--steep short slopes--sharp ridges on 
short drainages 
Moderately dissected side slopes--timbered-;­
moderately deep to deep sandy and loamy-skeletal 
soils 
Moderately dissected valley side slopes--timbered 
Unstable strongly dissected side slopes--deep 
fine and fine-loamy soils 

Broken mountain s]opes--steep and timbered 
Faulted mountain slopes 

Smooth escarpments 
Dissected escarpments--high relief 
Dissected benchy escarpments 

Inherent 
Erosion 
Hazarda 

M 
M 
H 
M 

H 
M 

H 

H 
M 

M 

M 
M 

M 
H 
H 

Mass 
Failure 
Hazardb 

L 
VL 
L 
L 

M 
VL 

L 

L 
L 

H 

L 
VL 

L 
M 
L 

aErosion Hazard: VL = no appreciable 
M = permits limited and temporary exposure 
capacity or yield high volume of sediment; 

hazard; L = permits exposure of bare soil with 
during development; H = exposure will severely 
VH = exposure will permanently damage capacity 

sediment volumes. 

Product ivj ty 
Potential 

RangeC Timberd 

L 
L 
M 
L 

VL 
M 

L 

VL 
L 

L 

VL 
M 

L 
L 
L 

H 
H 
VL 
M 

M 

VL 

M 

L 
M 

M 

M 
M 

VL 
VL 
VL 

minimum precaution; 
damage productive 
or yield excessive 

bMass Failure Hazard frequency (actual or potential) per 
VL = 1 or less; L = 2-3; M = 4-5; H = 6-7; VH = 8 or more. 

1)000 feet of slope horizontally on the contour: 

CRange Productivity Potential (lbs/acre - air dry): NR = Nonrange, < 50; VL = 50-250; L = 250-500, M 
500-1,000; H = 1,000-2,000; VH > 2,000 

dTimber Productivity Potential (cu.ft./acre/year): VL < 20; L = 20-50; M = 
120-160. 

Source: U.S. Forest Service, Pocatello. Idaho. 

50-85; H = 85-120; VH 



areas on both sides of the valley for mining, logging, grazing, and 
recreation. 

The first mining act~v~ty in the region was for gold, found in 
1870 near Caribou Mountain, several miles north of the study unit. 
The Phosphoria Formation outcrops were discovered in northern Utah in 
1889, but the deposits were too remote from the central states fertil­
izer market, and the fields were slow to develop. In 1908 and 1909, 
reacting to acquisition and mining for export by European interests of 
major Tennessee phosphate deposits, the Secretary of Interior reserved 
to the United States all the potentially valuable phosphate deposits 
on federal, state, and private lands in southeastern Idaho, northern 
Utah, and southwestern Wyoming (Bureau of Land Management 1978). 
These mineral rights were subsequently placed under a leasing program 
(by the Mineral Lease Act of 1920) that continues to the present (30 
U.S.C. 181). Two significant mines opened prior to World War II, but 
virtually all current leases were issued after 1948. 

Most of the oil and gas rights are also federally controlled, but 
both sites where exploratory drilling has occurred have been on state 
lands. The establishment of the Caribou National Forest similarly 
placed most of the area's timber resources under federal management. 
The main activity of the private landowners is livestock grazing, 
using their valley lands as summer range for cattle and sheep. Most 
of the public land is divided into cattle or sheep allotments, although 
few of the private landowners hold permits. 

Hydrogeologic Data 

The major geologic formations in the study area, as reported by 
Montgomery and Cheney (1967, p. 5), are the Monroe Canyon Limestone 
(Mississippian Series), Wells Formation (Pennsylvanian Series and 
Permian Series), Park City and Phosphoria Formations (Permian Series), 
Dinwoody, Woodside, and Thaynes Formations (Triassic System), and 
alluvial and colluvial deposits (Quarternary System). The Dinwoody 
and Wells Formations, along with unconsolidated deposits of colluvium 
and alluvium, are the most important aquifers (Cannon 1979, p. 39). 
The geologic and hydrogeologic characteristics of these geological 
units are described in Table 4 (modified from Ralston and Williams 
1979, p. 243). The low permeability of the Phosphoria Formation 
divides the groundwater into two systems (Dinwoody Wells above and 
below the Phosphoria Formation). Flows may occur between the aquifers 
through fractures. 

The lithology of these formations (primarily limestone, siltstone, 
and phosphatic rock) suggests that groundwater discharging from them 
would have high concentrations of calcium carbonate, phosphate, and a 
pH greater than 7.0. This is typically the case. 
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Table 4. Summary of the lithology and hydrogeologic characteristics of important geologic formations. 

Format ion/ 
Rock Unit 

Triassic: 
Dinwoody 

Permian: 
Phosphoria 

Carboniferous: 
Wells 

Member 

Upper 

Lower 

Rex Chert Unit 

Mead Peak Unit 

Upper 

Middle 

Lower 

Thickness 
(m) 

274 (900) 

37-46 020-150) 

46-61 050-200) 

15 (50) 

457 0,500) 

Source: Ralston and Williams 1979, p. 243. 

Lithology 

interbedded lime­
stone and siltstone 
with discontinuous 
shale zones 

calcareous shale and 
siltstone with few 
thin limestone beds 

chert and ctlerty 
limestone. thick 
bedded 

phosphatic shale, 
mudstone and phos­
phatic rock; some 
limestone and silt­
stone 

siliceous limestone 

sandy limestone, 
sandstone 

limestone, mostly 
sandy and cherty 

Hydrogeo]ogic 
characteristics 
(permeability) 

moderate for 
limestone and silt­
stone) low for 
shale and sit t 

permeable when 
fractured 

low to very low 

moderate 

high 

moderate to high 



Climatological Data 

Temperatures at valley floor elevations range from -40 0 to 90°F. 
Mean monthly temperature for July is 58°, and for January, 12°. The 
growing season varies from 105 days at 6,500 feet to 15 days at 8,500 
feet. The mean elevation is about 7,250 feet, and the average growing 
season is 49 days. The short growing season restricts ranching to 
summertime grazing by cattle and sheep. 

Snow begins falling at higher elevations by October. Prevailing 
winds from the southwest cause snow to accumulate on the north and 
east sides of ridges. Drifts sometimes exceed 30 feet in depth and 6 
miles in length. By March, snow depth varies from a few inches on the 
windblown, south- and west-facing ridgetops, to 6 feet or more in some 
valley bottoms and northeast-facing slopes. Spring snowmelt begins at 
the lower elevations and proceeds more rapidly up the south and west 
facing slopes with their greater exposure to the sun. The peak runoff 
o~curs from mid-April to late May. 

Table 5 shows available temperature and precipitation data for 
recent water years for Afton, Wyoming, and Conda, Grace and Henry, 
Idaho. No regular measurements are made in the study area. The water 
year 1977 was characterized by a drought that was actually more severe 
than indicated by the table because much of the precipitation fell in 
summer storms generating little runoff. 

The vegetation shows that precipitation increases with altitude 
but measured data are not available for higher elevations. On an 
average, the temperature decreases as altitude increases. The rate of 
decrease vertically (the lapse rate) averages about 3.8°F per 1000 
feet (Linsley et al. 1975). Better information on how both precipita­
tion and temperature change with elevation would be useful in develop­
ing models to predict runoff. 

Cloudy weather prevails throughout the winter with measurable 
precipitation (snow) about one day out of three. Snow course data 
are available for four stations located near the study area. Summer 
precipitation is mostly in local, intense thunderstorms. 

Relative humidity is lower in summer .than in the winter, and in 
afternoon than in morning. July and August have the lowest monthly 
averages of 40 percent. Annual mean relative humidity is 62 percent 
(U.S. Department of Commerce 1976). 

A four-foot stainless steel evaporation pan 1S located at Lifton 
Pumping Station, Idaho (elevation 5275 ft) south of the study area. 
Evaporation is measured at this station during the growing season. 
Data show the highest evaporation during July (Table 6 from National 
Oceanic and Atmospheric Administration (NOAA) 1975, 1976, 1977, 1978, 
1979). 
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Table 5. Average annual temperature 
and precipitation data for 
recent water years. 

Water Temperature Precipitation 
Year Average of in. 

Afton (e1ev. 6210) 
1975 38.0 18.41 
1976 38.3 19.62 
1977 13.00 
1978 22.17 
1979 10.45 

Conda (elev. 6200) 
1975 38.6 16.05 
1976 23.65 
1977 15.64 
1978 
1979 

Grace (e1ev. 5550) 
1975 41.3 13.71 
1976 14.02 
1977 10.87 
1978 15.00 
1979 41.2 14.31 

Henr;:! (elev. 6320) 
1975 
1976 37.1 22.68 
1977 37.9 15.42 
1978 23.04 
1979 14.91 

Table 6. Pan evaporation at the Lifton 
Pumping Station. 

June July Aug. Sept. 

1975 7.49 9.17 7.91 5.49 
1976 7.71 9.10 7.87 5.43 
1977 8.71 9.85 7.61 5.53 
1978 8.25 9.83 7.99 5.32a 
1979 8.63 8.79 7.49 6.37 

aAdjusted to compensate for some 
missing days. 
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Land and Water 

Selection 

A use was defined as an act1v1ty utilizing a land unit or the 
waters of a stream reach. A use was selected for analysis if 1) 
significant amounts are now occurring (determined through consultation 
with people familiar with the area), 2) it has distinctive land or 
water requirements not automatically accommodated in providing for 
other uses in the selected set, and 3) it has sufficient interaction 
with other uses to require that the interaction be analyzed to deter­
mine the best overall combination of uses. By way of illustrating the 
second and third criteria, use of the study area by many small animals 
and birds was not analyzed because a) their needs are automatically 
met by providing timber and habitat for big game and b) they are not 
known to compete with other uses. 

Application of these criteria assumed that major use changes will 
not occur in the period of analysis. Where doubts exist, the area 
could be monitored for major use changes that could require adding or 
deleting uses from the set being analyzed and repeating the study. 
For example, one should watch for rare species with localized habitat 
that might be harmed by a land use change over a small area. New 
commercial or recreational demands can also develop. The likelihood 
of use additions or deletions occurring in the Upper Blackfoot River 
catchment in the next few years was considered too remote to warrant 
further attention. 

The 17 land uses and the 4 water uses selected according to the 
above criteria for analysis of the Blackfoot River watershed are 
listed in Table 7. They are classified according to 1) the locus of 
decision making on the amount, type, and location of the use, 2) the 
general goals for engaging in the use, and 3) according to whether the 
use is amenable to incorporation in the management model developed in 
this study. 

As to locus of decision making, the centers were classified into 
three groups: 

c. Centrally managed uses, generally undertaken after a so~ewhat 
objective analysis by some formal decision group such as 
corporate management and with which planners can interact 
directly in minimizing conflict between private development 
objectives and the public interest. These uses can be 
subdivided between those which occur occasionally (CO) and 
those which become relatively permanent on a selected land 
area (CP). 

D. Dispersely selected uses, chosen by individuals widely 
scattered in place and time, such as recreationists. These 
uses can be modified by governmental incentives or regulatory 
action, but the degree of control is much less than that for 
centrally managed uses. 
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Table 7. Land and water uses defined and classified for analysis. 

Land Uses 

Decision 
Center l 

1. Commercial logging CO 
2. Firewood cutting D 
3. Phosphate mining CP 
4. Oil and gas exploration CO 
5. Cattle grazing CO 
6. Sheep grazing CO 
7. Deer habitat N 
8. Elk habitat N 
9. Moose habitat N 

10. Hunting D 
11. Hiking - dispersed camp1ng D 
12. Concentrated camping CP 
13. Roads CP 
14. Snowmobiling D 
15. Summer off-road vehicle use D 
16. Buildings CP 
17. Archaeologic & historical resources CP 

Water Uses 

WI Fish habitat N 
W2 Fishing D 
W3 Runoff for downstream use N 
W4 Quality of runoff N 

General Model 
Goa1 2 Quantified 

E 
RE 
E 
E 
E 
E 

RE 
RN 
RN 
E 
RE 
RE 
E 
RN 

RN 

+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 

ICO = centrally managed, occasional use; CP = centrally managed 
permaanent use; D = dispersely selected use; N = natural use. 

2E = primarily economic goal; RE = high energy recreational use; 
RN = low energy recreational use. 

N. Natural uses, resulting from physical or ecological processes. 
Here, the planning role is largely one of protecting process 
productivity from undue interference by the first two classes 
of uses. Natural process productivity is primarily achieved 
through maintaining good habitat for fish or wildlife and by 
a watershed with good yield of high quality runoff. 

As to the user goals for the centrally managed and dispersely 
selected use, they generally divide between being primarily economic 
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(E) and primarily environmental (R). The designation R is used 
because the environmental values are primarily enjoyed recreationally. 
These recreational uses can be further subdivided to low energy uses 
that blend into the natural environment (RN) and high energy uses that 
tend to be more disruptive (RE). 

The decision to incorporate a use into the planning model was 
based on whether the amount of use was primarily determined by factors 
within the scope of this analysis. A negative classification meant 
that the amount of the use was judged as determined by exogenous 
considerations. 

Measurement 

Land and water use measurement requires definition of what is 
to be measured, units of measurement, and a procedure for making the 
estimates. The definition concepts, use units, and estimation proce­
dures followed in this study are presented below for each of the 21 
uses on Table 7. Figure 4 provides photographs showing selected uses. 
The year 1980 was selected for the measurements as a recent year for 
which data were available and conditions were about average. 

1. Commercial Logging 

Concept: Logs are harvested for commercial profit. Three 
concepts must be considered in measuring use of an area 
for commercial timber production, a) currently harvest­
able timber, b) long term average annual yield, and c) 
timber actually being harvested. Burt and Cummings 
(1977) explore long-run equilibrium and the socially 
optimal rate of utilization as alternative management 
policies. The actual harvest determines the income of the 
loggers and the interactions with the other uses. The 
currently harvestable timber sets an upper limit to what 
can be cut this year, and the long term yield sets a 
lesser upper limit to what can be cut on a sustained 
basis. Actual harvest is currently less than sustained 
yield, and harvest data are more easily obtained than are 
yield data. Logging was thus measured in harvest units 
for both theoretical and practical reasons. 

Units: Board feet (ft 2 x in) of lumber harvested. 

Estimating Total Amount: Harvest data obtained from the 
Forest Service are in Table 8. Severe logging occurred 
in the 1950s; and from then to 1972 very little timber 
was cut except for posts and poles •. Annual harvest 
(reported by designated sale areas comprising several 
cutting sites) from Forest Service land since 1973 has 
averaged about 2,500 MBF. Some additional timber has 
been harvested from non-Forest Service lands, but 
amounts are small because most timber of commercial 
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Moose habitat View seen while hiking 

Oil and gas exploration Phosphate mining 

Commercial logging Cattle grazing 

Figure 4. Photographs of Upper Valley uses. 
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Table 8. Estimates of the magnitudes of selected uses in the Upper Blackfoot area. 

Use 

Total 
Recreation 

Fishing 

Hunt ing 

Snowmobiling 

Camping 

Hiking 

ORV 

Timber Harvest 

Phosphate 
1·1i Ili ng 

Present Use 
(South East Idahol 

22.8 x 106 daysa 

1,494,000 daysa 

501 ,000 daysa 

108,000 daysa 

1,193,000 daysa 

1,',95,000 daysa 

83,600 

23,000 MBF 
escf-i 

1980 
Study Area 

Use 

57,860 daysC 

2,000 daysd 

3,910 daysd 

1,650 dayse 

17,600 dayse 

700 days€ 

9,196 

2,523 MBFf 

3.25 x 106 
Ave. tons/yr.g 

1980 
Study Area 

Per Capita Use 
(Carbon County)h 

6.9/capita 

.24/capita 

.47/capita 

.20/capita 

2.t/capita 

.083/capita 

1.09/capita 

N/A 

N/A 

~li ner 
Induced Use 

(Study Area) 
1980 

6,038 daysi 

210 
fishing daysf 

4t I 
hunting daysi 

105 daysj 

1,470 daysk 

58 

954 daysi 

NONE 

3.7 x 107 Ave. 
tons/yr. 1 

Projected 
Use Without 

Mine udy Area) 
1990 

86,790 visitor daysO 

3,000 fishing 
daysO 

5,865 hunting daysO 

2,475 days 

26,400 dayso 

1,050 daysO 

13,794 daysO 

1,875 MBFP 

5.3 x 106 
Ave. tons/ yr.m 

Projected Use 
In Study Area With 

Mine 1990Q 

93,000 visitor days 

3,210 fishing days 

6,276 hunting days 

2,580 days 

27,870 days 

1,108 days 

14,649 days 

J ,875 

7.93 x 107 
Ave. tons/ yr. n 



Table 8. (Conti.nued) • 

aDevelopment of phosphate resources in S. E. Idaho. 1976. Department of Interior and Department of Agriculture. pg. 1-254. 

POevelopment of phosphate resources in S. E. Idaho. p 1-333. (Used 1974 figure for pleasure driving, assuming that with the rise in gas 
prices, the use today is about the same. 

b-1Multipl ied total figure by percent of study area in National Forest (11%). 

CDeve lopment of phosphate resources in S. E. Idaho. 1976. (Used 1974 figure for rec reat ion a 1 use for Nationa I Forest in S. E. Idaho and 
assumed 5% growth until 1980 (PI. 1-253). Then multiply by 11% (percentage of study area in National Forest). 

dIdaho Fish and Game. 

eU.S.F.S. - Soda Springs. Recreation use information document. 

fU.S.F.S. - Pocatello. Average timber production for last 8 years. 

f-IAverage timber production 11%. 

~ gAlumet. 1976 and Development of phosphate resources in S. E. Idaho. 1976. Sum of yearly production of mine of study area up to 1980. 

hAlumer. 1976. Use divided by 1980 Caribon County population of 8,400. 

iAlumet. 1976. (350 permanent employees. Used correction factor of 2.5 because employees would have a greater likelihood of using study 
area. (350)(2.S)(Per capita use Caribou County) (miner induce use). 

jUsed correction factor of 1.5, because mine is shut down in winter. 

kUsed correct ion factory of 2 because camping is not an act iviry that is generally done after work as hunting and fishing. 

JUevelopment of phosphate resources in S. E. Idaho. 1976. Alumet 1976. (Sum of average yearly mine production up to 1980.) 

filAlumet and Development of phosphate resources in S. E. Idaho. 1976. Same of average years mine production minus Diamond CK mine. 

nTotal production of plillsphate in study area per year 1990. 

oUevelopment of phosphate resources in S. E. Idaho. 1976. 5% growth for 10 years calculated as a simple growth of 50%. 

PU.S.F.S. - Pocatello. Average yearly production for 1981-1985. 

qProjected use plus mine induced use 1990. 



quality is in the National Forest. Harvest locations are 
varied from year to year under the general guidance of a 
five-year plan. Mining activities and fluctuations in 
lumber prices cause variations from the uniform annual 
cutting rates suggested by the plan. 

2. Firewood Cutting 

Concept: Firewood cutting is done both as a recreational 
activity and for the value of the wood. The firewood 
is largely cut on National Forest land from conifers 
killed by bark beetle or other infestations. Lesser 
amounts come from timber sale slash piles. The current 
annual harvest is far below the death rate for the trees, 
and was employed to define use for the same reasons 
presented above for commercial logging. 

Units: Cords (128 ft 3 ) of firewood cut. 

Estimating Total Amount: Forest Service data on permits 
granted to households by the Soda Springs District within 
the past several years were used to estimate the amount 
of firewood being taken from the study area annually. 
Personnel there estimated that 75 to 80 percent of total 
permits were for firewood cutting in the study area. 
Their knowledge of the area was also used in estimating 
wood taken without permit on Forest Service lands or on 
Bureau of Land Management, state, and private lands where 
permits are not required. Resulting figures are in Table 
9. 

3. Phosphate Mining 

concept: Phosphate ore is mined and hauled out of the study 
area for processing. With current mining costs and 
phosphate prices, the operation is commercially profit­
able for ore bodies with a PZ05 content exceeding 20 
percent and a stripping ratio (depth of overburden to ore 
thickness) less than 3. A number of such locations have 
been identified. Mine development responds to rising 
prices on the world phosphate market an~ requires estab­
lishment of access, site preparation, setting up the 
mining equipment, and making ore processing arrangements. 
Site selection depends on development cost, stripping 
cost, and ore quality. These factors (except for rela­
tively minor interactions with other uses that affect 
development and stripping costs) are largely exogenous to 
this study. 

Units: Tons of ore. 

Estimating Total Amount: The environmental impact statement 
(EIS) (U. S. Department of the Interior 1977) maps 
potentially profitable locations to mine, provides 
descriptive information on the sites, and projects 
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Table 9. Estimated firewood cutting. 

Year Number of Basis Amount of Wood taken 

1977 
1978 
1979 
1980 

Permi t s (cords) (MBF) 

free 1627 2,500 
1,275 free 2075 3,188 
1,885 free 2944 4,524 
1,000 free 1621 2,49.1 
1,621 fee 1842 2,831 

future production rates. These production rates were 
used even though recent weakness in the world economy has 
caused production rates to lag EIS expectations. 

4. Oil and Gas Exploration 

Concept: While oil or gas has not been found in sufficient 
amounts to justify commercial production in the study 
area, a promising location in the Overthrust Belt con­
tinues to prompt exploratory drilling. 

Units: Holes as a 0-1 binary variable. 

Estimating Total Amount: Two wells were drilled in the study 
area during 1980. The Idaho Division of State Lands 
provided sufficient description of the two locations to 
identify specific land units. Neither well was located 
on federal land. 

5. Cattle Grazing 

Concept: Beef cattle are brought into the area to forage for 
summer feed on both public and private land. Permits, 
specifying number of animals, time period, and location, 
are required for grazing on public lands and seem to be 
holding grazing amounts well within the limits of forage 
productivity. Private landowners spread stream flows 
during spring snowmelt periods over the meadowlands in 
Upper Valley for increased forage growth, but hay is not 
cut. Following the principles presented above for 
logging, the food eaten by the cattle was taken as the 
measure of use. 

Units: Annual cattle animal-unit-months. One AUM equals 720 
lbs. of feed. 
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Estimating Total Amount: The Forest Service and Bureau of 
Land hanagement supplied estimates of the number of 
animals, gross cattle AUMs on their land, and maps of 
areas where cattle are allowed to graze. Private land 
owners were asked their herd size and to estimate grazing 
AUMs in their fields. 

6. Sheep Grazing 

Concept: Shepherds bring sheep into the study area for 
summer pasture on Forest Service land reserved for them 
by the grazing permit system. The food eaten by these 
sheep was taken as a reasonable measure of use. 

Units: Annual sheep animal-unit-months. One sheep AUM 
equals 0.2 cattle AUM or 144 Ibs of feed. 

Estimating Total Amount: The Forest Service and Bureau of 
Land Management supplied estimates of the number of 
animals, gross sheep AUMs, and maps of areas where sheep 
grazing is permitted. The Forest Service also supplied 
information on landowners with flocks. 

7. Deer Habitat 

Concept: A number of methodologies have been proposed 
for assessing wildlife habitat (Whitaker and McCuen 1976; 
Hawes and Hudson 1976). Deer browse primarily on hardwood 
twigs. Heavy snows bury twigs, restrict animal movement, 
and hence force deer to feed at lower elevations. This 
situation would suggest winter. food availability to limit 
the number of deer that an area can support, however, 
during most winters deer are forced entirely out of the 
study area to lower elevations (Kuck 1979). For this 
reason and to have a better basis for defining tradeoffs 
between livestock and native animals, the ability of the 
study area to support deer was also estimated in units of 
forage eaten. This choice also facilitates use of the 
Idaho inventory data on the availability of habitat 
defined by species preferences for vegetatio~ and 
elevation. 

Units: Annual deer animal-unit-months. One deer AUM equals 
0.25 cattle AUM or 180 lbs of feed. 

Estimating Total Amount: Data from Forest Service deer 
surveys for the Idaho Fish and Game study area (about six 
times the size of the area covered in this study) are 
shown on Table 10. These data on numbers of deer at 
various elevations and in various cover types provide a 
basis for estimating relative numbers of deer in the 
watershed by season. These estimates can then be summed 
over the year to estimate annual AUMs. 
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Table 10. Dear, elk, and moose counts for Idaho Fish and Game study area. 

, , , 
CONIF ASPEN BRUSH SAGE GRASS WILLOW 6,500 7,000 7,500 8,000 >8,000 

Deer 

WINTER 1977 0 0 0 0 0 0 0 0 0 0 0 
SPRING 1977 0 0 0 0 0 0 0 0 0 0 0 
SUMMER 1977 5 12 0 0 0 0 0 6 2 0 0 
FALL 1977 2 7 0 0 0 0 0 3 6 1 0 
WINTER 1978 0 3 29 11 0 2 40 15 4 0 0 
SPRING 1978 8 31 17 24 0 1 42 35 20 9 0 
SUMMER 1978 42 78 6 II 0 3 26 60 45 26 7 
,'ALL 1978 92 76 2 6 0 0 9 39 59 56 16 
WINTER 1979 23 18 43 27 0 3 61 25 29 0 0 
SPRING 1979 77 154 13 163 0 5 214 184 92 0 0 
SUMMER 1979 44 47 10 14 0 0 14 33 46 17 1 
DAIR* 1978 129 399 591 152 0 43 414 680 188 12 0 
FAIR+ 1979 87 83 1940 867 26 202 1,276 663 484 154 29 

Elk 

WINTER 1977 8 8 0 0 0 0 0 0 0 0 0 
SPRING 1977 44 47 0 9 2 0 0 0 0 0 0 
SUMMER 1977 61 81 0 3 0 0 0 48 37 9 6 
FALL 1977 19 12 0 3 0 0 10 33 25 32 0 
WINTER 1978 13 11 21 35 4 3 7 17 56 19 1 
SPRING 1978 16 51 9 41 6 1 2 42 40 16 0 
SUMMER 1978 36 142 6 12 0 2 2 49 38 10 1 
FALL 1978 39 34 0 3 0 0 2 38 47 9 4 
WINTER 1979 35 13 7 17 1 1 2 30 5S 11 2 
SPRING 1979 15 52 5 56 1 0 6 57 31 5 1 
SUMMER 1979 13 90 4 6 0 1 7 48 27 18 0 
DAIR* 1978 139 169 46 7 0 0 0 183 137 41 0 
FAIR+ 1979 201 48 2,13 287 0 6 22 187 277 210 67 

Moose 

WINTER 1977 2 1 0 0 0 0 0 0 0 0 0 
SPRING 1977 14 10 2 1 0 1 0 0 0 0 0 
SUMMER 1977 15 28 1 1 0 0 0 2 7 3 0 
FALL 1977 9 5 0 0 0 0 0 4 7 2 1 
WINTER 1978 26 10 1 1 0 1 S 34 2 2 1 
SPR ING 1978 9 33 1 1 0 0 6 36 11 1 1 
SUMMER 1978 38 40 3 3 0 1 47 22 16 5 
FALL 1978 43 19 0 0 0 0 2 11 28 18 4 
WINTER 1979 16 6 4 1 0 0 11 10 10 1 0 
SPRING 1979 19 17 1 2 0 0 1 23 16 6 I 

SUMMER 1979 11 18 0 0 0 0 0 0 0 0 0 
DAIR* 1978 30 18 1 0 0 0 0 13 2.8 8 0 
FAIR+ 1979 129 67 12 2. 0 35 13 121 85 20 6 

* Air survey, Dec. , 1978 
+ Air survey, Feb.-Mar, 1979 
Note: Other figures are for rad io collared animals, and thus lower. 
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8. Elk Habitat 

Concept: Elk, like deer, feed on hardwood twigs and are 
largely forced out of the study area in winter. Conse­
quently, the measurement method described above for deer 
was used again •. 

Units: Number of elk AUMs. One elk AUM equals two thirds of 
a cattle ADM or 480 lbs of feed. 

Estimating Total Amount: The elk data on Table 10 were used 
in the same manner as that described above for deer. 

9. Moose Habitat 

Concept: Moose concentrate in riparian shrub areas and are 
also forced to lower elevations by deep winter snows. 
Hence, the measurement principle of food consumed was 
again used. 

Units: Number of moose AUMs. One moose AUM is the same as 
a cattle AUM or 720 lbs of feed. 

Estimating Total Amount: The moose data on Table 10 were 
again applied in the same manner as those for the other 
big game species. 

10. Hunting 

Concept: Nielsen and Catton (1971) proposed an information 
retrieval system for organizing information on the 
relevant literature on the sociological determinants of 
forest recreation. For example, hunters seek deer, elk, 
and small bird and game species, partly for food but, as 
assumed for this study, primarily for recreation. The 
recreational value'of hunting varies among species 
(Holbrook 1970) as seen by the fact that hunters go much 
further for rare or exotic species. In principle, 
species hunted should be differentiated during data 
collection; however, in the Upper Blackfoot Area, deer 
and elk hunting so dominate the activity that the effort 
is_not justified. 

Units: Hunter-days defined as days any part of which is 
spent in hunting. 

Estimating Total Amount: The Forest Service estimates that 
3,910 user days of hunting occurred in the watershed in 
1980 and that this number will increase to 5,865 by 1990 
(Table 8). The agency also indicates that over 75 
percent of the hunting takes place in the Diamond Creek 
portion of the study area and about two thirds of that 
use occurs on the east side of the creek. 
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11. Hiking - Dispersed Camping 

Concept: Many people visit a remote area to observe nature 
or be alone. They walk or camp in secluded spots for the 
recreation experience and to enjoy the scenic beauty 
(Arthur and Roster 1976). Hikers follow roads, walk along 
trails, or (in the low intensity situation of the Upper 
Blackfoot) go across country and leave defined paths for 
their recreation experience. Winter travel may be by 
skiing. Backpackers and people traveling by horse or by 
motor vehicle may camp overnight along their route. The 
campers who spend their nights outside developed camp­
grounds typically follow side roads along tributary 
streams to sites that afford adequate firewood and 
privacy. Hikers and cross country skiers can follow 
roads, walk along trails, or go across country. The 
study area has a fairly extensive network of trails, 
probably livestock routes, even though trail development 
and maintenance has been miminal except on the Lander 
Cutoff of the Oregon Trail. The Forest Service now has a 
trail development and management plan. The most likely 
hiking routes are along established trails and low grade 
roads. 

Units: Hiker-days, defined as days any part of which is spent 
in traveling by foot, except as incidental to the other 
defined uses for this study, or as nights spent outside 
designated campground areas. 

Estimating Total Amount: The Forest Service estimated 700 
hiker days in 1980 and projected an increase to 1,050 
hiking days in 1990. Dispersed camping was estimated 
at 7,000 user days in 1980 to increase to 10,500 in 
1990. 

12. Concentrated Camping: 

Concept: Two campgrounds have been established in the study 
area. The Mill Creek site is located at the upstream 
end of the Narrows, and the Diamond Creek site is about 
15 miles further upstream on Diamond Creek. The Forest 
Service has no plans for expanding developed camping 
facilities. Frissell and Duncan (1965) characterize 
campsite deterioration and propose a methodology for 
estimating campsite durability. 

Units: Camper-days defined as nights spent in the designated 
campground area. In contrast to the other recreation 
act1v1t1es, camping is constrained by campground capacity. 
Bultena and Klessig (1969) discuss the values people seek 
in camping. Capacity can be measured in campsites per 
campground or the maximum number of persons that can be 
accommodated at one time (PAOT). 
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Estimating Total Amount: The MiLL Canyon campground has 10 
campsites and a maximum PAOT of 65. The Forest Service 
estimated total camper-days in 1975 at 6,600 and in 1980 
at 7,600. The Diamond Creek site does not have indi­
vidually designated campsites and occupies a sLightly 
larger area. The Forest Service specifies its maximum 
PAOT at 100. Use in 1975 was estimated at 3,800 and at 
2,600 in 1980. Demand at both sites is forecast to 
increase at about 5 percent annually. 

13. Roads 

Concept: Roads provide the routes for traveling to preferred 
use areas. A route was classified as a road if it was 
judged to be passable with a four-wheel drive vehicle 
during summer periods after·the snow is melted and no 
rain has fallen for at least 24 hours. 

Units: Roads were measured in miles and classified a~cording 
to quality. Road quality categories were paved, gravel, 
dirt and passable by ordinary vehicle, and dirt and 
passable only by four wheel drive vehicle. The highest 
class of road in a unit was also recorded. 

Estimating Total Amount: 
gathered from Forest 
inspections. 

14. Snowmobiling 

The information on roads was 
Service maps as supplemented by site 

Concept: Snowmobiling in the area is predominantly recre­
ational, and it was considered exclusively so for this 
analysis. Snowmobilers often follow roads or trails but 
also travel across country in areas without heavy 
forestation. 

Units: Snowmobiling-days, defined as days any part of which 
is spent snowmobiling. 

Estimating Total Amount: About half of the snowmobiling 
estimated to be taking place in the Soda Springs District 
(Table 8) is believed to occur in the study area. In 
1980 the amount was estimated at 1,650 user days (pro­
jected to increase to 2,475 user days by 1990) on roads 
(350 user days), trails (400 user days), and open areas 
(900 user days). 

15. Summer Off Road Vehicles (ORVs) 

concept: Many people enjoy driving in remote areas for 
recreation. Others drive for monitoring livestock or 
tending other commercial uses. Both two and four-wheel 
ORVs are used. 

Units: User days, defined as days any part of which is spent 
touring in ORVs. 
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Estimating Total Amount: The 1980 ORV use was estimated 
at 2,000 user days and projected to increase to about 
3,000 by 1990. 

16. Buildings 

Concept: Buildings we.re defined as fixed residential struc­
tures, and thus excluded mining sheds, corrals, and other 
such structures. Movable house trailers and other tempo­
rary residential structures that do not stay long at any 
one site were also excluded. 

Units: Counted buildings. 

Estimating Total Amount: Twelve buildings were identified 
from maps, aerial photos, field inspections, and conver­
sations with Forest Service personnel. There is little 
likelihood of more building in the near future. Forest 
Service personnel are not issuing special use permits for 
residential structures, and building on private lands is 
restricted due to poor drainage for septic tanks (South­
east Idaho Council of Governments 1977). Existing 
residences are only seasonally occupied since the entire 
area is often inaccessible in winter. In the summer, 
several dozen mobile homes and motorized campers are 
moved into the area and used by recreationists or miners, 
herders, or lumberjacks working nearby. 

17. Archaeological or Historical Sites 

Concept: Many types of archaeologic, historic, geologic, or 
other sites of special value were sought and evaluate~ 
but only the route of the Lander Cutoff of the old Oregon 
Trail and Lane's Grave were identified as significant. 

Units: Number of identified sites. 

Estimating Total Amount: Lander Cutoff is named after 
Frederick W. Lander, a Department of Interior employee 
sent in 1857 to survey an alternate route to the Oregon 
Trail from South Pass, Wyoming, to Fort Hall, Idaho. The 
alternate route was needed because heavy use on the Trail 
had depleted forage along the way. The cutoff traverses 
the north portion of the study area, before joining Idaho 
Highway 34. Portions of the original road are still 
discernible, and the Forest Service has fenced off two 
short stretches. Lane's Grave is found in the north part 
of the study area, near where the Lander Cutoff crosses 
Lane's Creek. The fenced gravesite contains three graves 
in a row. The two outer graves are unmarked, but a 
headstone marking the center grave bears the inscription: 
J. W. Lane, Died July 18, 1859 AD-50 yrs 2 mos. The 
story behind the three graves remains a mystery. 
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WI. Fish Habitat 

Concept: Streams vary considerably in the amount and type 
of fishery they support. All of the third order and 
larger streams identified for this study are large enough 
to support fish. Thurow (1980) listed 13 species of fish 
present in the Blackfoot River drainage. The drainage 
has historically supported a high-quality cutthroat trout 
fishery, and trout needs were used for defining habitat 
quality. Habitat can be indexed empirically from numbers 
of observed fish or theoretically by comparing stream 
characteristics to known species needs. Actual data on 
fish locations are needed to verify fish habitat prefer­
ences, and habitat characteristics are the factors 
directly affected by land and water use. 

Units: Fish habitat was quantified by a habitat quality 
index. 

Estimating Total Amount: The Idaho Department of Fish and 
Game (Thurow 1980) began a three year study of the fish 
in the Blackfoot River drainage in 1978 and took a fish 
census. For this study, habitat quality was measured by 
an index developed from five characteristics observed for 
each land unit containing or bordered by a third or 
higher order stream. Cutthrout trout need dependable 
flow, pools, cobbles in the stream bed and vegetative 
cover on the stream banks. They are harmed as sediment 
clogs their environment. Consequently: 

Fish habitat = FLOW * POOL-RIFFLE * SUBSTRATE 

* COVER * STREAM MILES/(3.5 * SEDIMENTATION) 

(7) 

where flow was crudely estimated in terms of adequacy to 
support an adult fish; the pool-riffle ratio was an index 
on the amount of pool in the stream and was taken as 
reaching a maximum value (1.0) at 45 percent pool; the 
substrate rating ranged from I to 4 for silt to cobble; 
cover was the percent of streambank under vegetative 
cover; the sedimentation rating ranged from 1 to 3 with 
increasing sedimentation; and stream miles was the length 
of third and higher order streams within or bordering on 
a unit. 

W2. Fishing 

Concept: Recreationists can pursue a wide variety of stream 
life forms. In the Upper Blackfoot drainage, the activ­
ity is limited to trout fishing. 

Units: Angler days, defined as days any part of which ~s 

spent fishing. 
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Estimating Total Amount: Thurow (1980) estimated 1999 angler 
days in the area during the 1978 season. The Forest 
Service estimated 1980 use at 2,000 angler days, pro­
jected to increase to 3,000 by 1990. Thurow's figures 
are broken down by reach in Table 11. 

W3. Runoff 

concept: Runoff volumes increase with the greater precipi­
tation and lower evaporation rates generally associated 
with higher elevations. They are also increased by 
reductions in consumptive use by vegetation. Reduced 
vegetation also favors earlier spring snowmelt. Flows 
from the basin are stored in Blackfoot Reservoir for 
irrigation use. The extra runoff flows downstream 
through a series of reservoirs on the Snake and Columbia 
Rivers to the Pacific Ocean and has a large economic 
value from the hydroelectric power generated on the way 
(Hastay et al. 1971). 

Units: Acre-feet/acre. 

Estimating Total Amount: The average annual runoff from the 
study area is gaged (Table 2) as 111,500 acre-feet or 
13.0 inches over the area. Runoff varies considerably 
from year to year. At the Henry gaging station above the 
Blackfoot Reservoir, it ranged from a low of 51,810 
acre-feet in 1977 to a high of 179,600 acre-feet in 
1971. 

W4. Water Quality 

Concept: Water quality evaluation depends on the uses to be 
made of the water. In the context of a wildland water­
shed, water quality is determined by variables affecting 
instream uses including fish habitat, aesthetic and 
recreational values, and downstream uses such as potable 
water supplies, irrigation, and reservoir renewal. The 
parameters best used to measure quality vary with needs 
from site to site. 

Units: Nondimensional indices constructed to represent the 
severity of the adverse effect caused by a given degrad­
ation in water quality. 

Estimating Total Amounts: Records of'measured water quality 
parameters were obtained for 13 sampling sites in or near 
the study area. Additional samples were collected and 
analyzed by project personnel. By using the collected 
data, two indexing approaches were tried. Mahmood (1981) 
and Mahmood and Messer (1982) describe their effort of 
combining the available data statistically to retain as 
much content as possible in a water quality index. The 
second approach was to construct indices known to be 
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Table 11. Angter census by stream reach. 

Stream Angler Days 
(978) 

Blackfoot River 
Section 5 779 
Section 6 246 

Diamond Creek 651 
Lanes Creek 137 
Sheep Creek 80 
Spring Creek 60 
Misc. Tributaries 46 

affected by existing land uses and detrimental to exist­
ing water uses. The indices constructed were concentra­
tions of phosphorus and nitrogen (because of their known 
contribution to eutrophication of downstream reservoirs) 
and sediment load (because of the adverse impact of 
sediment on fish habitat). 
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CHAPTER 4 

PATTERNS OF CHARACTERISTICS AND USES 

WITHIN THE STUDY AREA 

Introduction 

The previous chapter described the Upper Blackfoot Watershed and 
the uses made of the area. Obviously, neither the physical character­
istics nor the uses are uniformly distributed over the area as a whole 
but rather the many characteristics and many uses are each distributed 
in their own unique pattern. The topic of this chapter is measurement 
of those patterns so that relationships among them can be established 
for planning applications (Equation 5). 

The spatial characterization of a watershed requires decisions on 
the detail to use, the measurement grid (from uniform squares to areas 
contained within irregularly shaped boundaries), and the physical 
characteristics and uses to measure. For planning, these decisions 
cannot be finalized ahead of time but rather should be approached 
iteratively balancing measurement effort against results obtained. 
Within this trial-and-error process, however, it is much easier to 
start with small and reasonably homogeneous units and then aggregate 
into larger ones as the original detail is found not to be needed, than 
to start with larger and more diverse units only to find them too 
coarse and be required to return to the field to make more refined 
measurements. 

Delineation of Study Units 

Economic development planning requires units at least as large as 
counties. Environmental analysis must consider much smaller units 
because topography, soils, vegetation, and the ecologic system they 
support vary greatly over short distances and control the environmen­
tal impact of a given use and thus the public interest in regulating 
that use. Individual users, whether considering sites for major 
investment in land development or an hour of recreation, examine 
specific locations. Sometimes their choice is based on such local 
site specific conditions as views or trees, but as long as the sites 
being compared are within an environmentally homogeneous area, the 
public interest wou~d be indifferent. The size of study units selec­
ted to define spatial patterns for the Upper Blackfoot River was the 
smallest found to be homogeneous with respect to key environmental 
factors. 

For this study, the principle of land unit delineation by en­
vironmental homogeneity was applied by using Forest Service mapping of 
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areas homogeneous according to the definitions outlined on Table 3. 
These definitions essentially developed out of Forest Service experi­
ence as to the maximum spatial resolution useful to them as land 
managers. Specific descriptions of how the total study area was 
subdivided follow. 

Water Planning Units - Runoff and water quality are determined by the 
size and physical characteristics of the tributary watershed. 
Therefore, the total Upper Blackfoot watershed was first sub­
divided along drainage boundaries. Each resulting water planning 
unit contains a reach of stream and the watershed area directly 
tributary to that reach! 

a. Reach of stream. Because research suggests that streams 
smaller than third order are not able to support fish, only 
streams of third or higher order were identified. This was 
done from the Forest Service map of the Caribou National 
Forest (scale: 0.5 inch = 1 mile) as shown on Figure 5. 
The total stream length of 97 mi les .was subdivided among 38 
reaches, where a reach is defined by junctions of streams of 
second or higher order. Boundaries based on these junctions 
were modified, however, for some streams of higher order. 
Two (water planning units) of the ten fourth order reaches 
drained such small areas that they were assigned to an 
adjacent upstream or downstream reach (leaving 36 reaches). 
The areas draining directly into fifth or sixth order . 
streams were relatively long and heterogeneous. It was 
decided to subdivide them along drainage divides between 
second order tributary streams. An additional 19 reaches 
were thus identified. The resulting 55 stream reaches 
varied in length from about 1/8 mile to over 4 miles. 

b. Tributary watershed area. Tributary watershed boundaries 
were drawn to show the areas contributing flow to each of 
these 55 reaches. These boundaries are shown by the dashed 
lines on Figure 6. 

Land Planning Units - The water planning units were further subdivided 
based on Forest Service land types defined by physiographic and 
topographic features and (in some cases) predominant vegetative 
type. The 40 land types found in the study area are shown in 
Table 3. The mapping of these units within the National Forest 
was done by the Forest Service. Their procedures were dupli­
cated as closely as possible in mapping lands outside the National 
Forest. 

A land planning unit was defined as a contiguous area of a 
given land type entirely within a given watershed planning unit. 
An area less than 40 acres was combined with the adjoining unit 
in the same watershed of most similar land type. A total of 343 
land planning units were defined as shown on Figure 6. 
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Spatial Patterns of Physical 
Characteristics 

Portrayal of the spatial patterns of the physical characteristics 
of the study area required definition of the attributes to be measured 
and then measurement of indicators of those attributes for the 343 
land units. Attributes were considered for measurement if they were 
believed useful for estimating 1) the probability a centrally managed 
use will be undertaken, 2) the amount of dispersed use to expect, 3) 
population densities of fish or wildlife, 4) the desirability from the 
public viewpoint of promoting or denying specific uses, or 5) the 
magnitude of the interaction among pairs of uses. 

Specific attributes were hypothesized from theoretical constructs 
or empirical relationships. Measurement methods were selected through 
interaction with users and managers. The process sought attributes: 

1. Related to a use, impact, or interaction. An attribute may 
be useful ~n selecting a use or affect how people feel about use by 
others. 

2. Amenable to measurement. Alternate measurement methods can 
be used for estimating the magnitude of a given indicator, and the 
information gained by more precise and costly measurement needs to be 
examined to determine whether the extra effort is worthwhile. Also, 
indicators may either be measured directly or be represented by 
easier-to-measure surrogates. For example, in an area where winter 
snow depth increases with elevation, elevation might be tried as a 
surrogate indicator of snow depth. 

An attribute may be measured as a single number or as a vector of 
two or more numbers. Because the same indicator may be used in 
formulating two or more indices or as surrogates for different attri­
butes, the total number to be measured (for which measurements can be 
afforded) is generally fewer than the number of indices needed for 
land and water planning. Furthermore, the logic for using a given 
attribute may vary greatly among indices. 

The first step in composing a list of attributes was to enumerate 
land unit characteristics that should logically be included in rela­
tionships for estimating or evaluating land or water uses, impacts, or 
interactions. Measurement methods were then specified for each 
proposed characteristic. Similar measurements can be compromised in a 
single indicator meeting multiple needs in the interest of study 
economy. The resulting list was then classified between two groups 
according to ease of measurement with the idea that the second group 
need only be measured should the set of attributes in the first group 
suggest that they will be needed. 

The 18 site attributes considered for establishing indices of 
reasonability (Equation 2) for the 21 uses (Table 7) are presented in 
Table 12. The 37 data items (with extra items for multidimensional 
indicators) measured are listed in Table 13. The measurements for the 
37 items for each of the 343 units are recorded in Table 14. 
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Table 12. Definition of attributes for reasonability indexing (Equation 
2). 

Indicator Attribute, measurement method for indicator 

Al Land area, square miles planimetered from a working map 
of a scale of 1 inch = 1 mile. The conversion from the 
planimeter reading to area required division by a conver­
sion factor of 0.106, which was performed by computer. 

A2 Land classification, numbered 1 to 40 as defined by Table 
2 and indicated on Forest Service maps. The Forest 
Service land classification system was extended to 
non-Forest Service lands by using a steroscopic viewer to 
examine aerial photographs to compare visible surface 
features with those on land units already classified by 
the Forest Service or features named in the classifica­
tion system. Relevant surface features included land 
contours, aspect, vegetation, and moisture (wet areas are 
darker). Most of the units so identified were in the 
valley bottom lands and wet or dry alluvial. 

A3 Vegetation type, tenths of the area in conifer (subdivid­
ed between commercial and noncommercial timber), aspen, 
mountain shrubs, sagebrush and grass, riparian grass, or 
riparian willow (not recorded but equaling the residual) 
respectively as estimated using the Forest Service 
classification and map (1 inch = 1/2 mile). The coverage 
was extended to nonforest land using black and white 
aerial photos supplemented by some unsystematic, spot 
ground checking. 

A4 Land ownership, fifths of the area as determined by 
transferring a BLM land ownership map to the working map 
showing land units. Ownership was classified as USFS, 
other public (including BLM and state) or private. 

AS Road type, classified according to the quality of the 
road surface into paved, gravel, dirt 1, dirt 2, and 
none (assigned values 4 through 0, respectively). Unit 
is coded with the highest quality road found within it on 
the Forest map. Road conditions were largely confirmed 
by observation. The first three road types are generally 
usable by passenger vehicles when dry. 

A6 Road length, miles of mapped roads in unit as measured 
by digitizer to nearest 1/10 mile. 

A7 Road distance, in miles, of shortest route (using only 
roads of an equal or higher quality) from unit to Narrows, 
using digitizer on the Forest map. Most visitors to 
the watershed enter by this route, and the attribute thus 
measures travel distance to population centers. 
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Table 12. Continued. 

Indicator Attribute, measurement method for indicator 

A8 Stream length, ?f third order or higher within (or 
bounding) a unit, in miles as measured, using the digiti­
zer on the Forest map. 

A9 Stream order, the highest order in a unit, as deter­
mined on the Forest map (third order or higher). 

AIO 

All 

Al2 

Stream slope, approximated by calculating stream slope by 
subtracting unit minimum (A16) from maximum stream 
elevation (ALB) and dividing by stream length (A7). 
(Units containing third or higher order streams only.) 

Tributary area, estimated from planimetered tributary 
drainage area at lowest point of units with third or 
higher order streams, using Forest map. 

Use restrictions, recorded as the decile of a land unit 
restricted to a given use. Thus 0 means the unit is not 
restricted to that use, and a value of 10 means the use 
is excluded from the unit. Only uses that are reasonably 
controlled by legal access were included. Measurements 
were made by transferring to working maps the relevant 
information on EIS and Forest Service mine lease maps, 
Forest Service firewood cutting and travel maps, BLM 
surface and minerals· ownership map, Forest Service 
grazing allotments map, and Forest Service and EIS oil 
and gas lease maps. Wildlife experts had designated a 
mapped area as critical habitat for elk. The restric­
tions below follow general Forest Service policy even 
though they may not be specifically followed in the 
Blackfoot study area. 

1. Commercial logging - restricted on mine lease land 
with active mines, on campgrounds, and where roads are 
closed. Closed roads, outside of mine areas, are usually 
1n area with erosion problems or critical habitat. 

2. Firewood cutting - restricted on active mine lease 
areas, campgrounds, active timber sale areas, restricted 
travel areas, and private land. 

3. Phosphate mining - restricted where no lease has been 
approved. (Mining is not restricted on land with private­
ly owned mineral rights, regardless of existing leases.) 

4. Oil and gas exploration - restricted where no lease 
has been approved. (No known restrictions in study area.) 
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Table 12. Continued. 

Indicator Attribute, measurement method for indicator 

Al3 

A14 

A15 

5. Cattle grazing - restricted from sheep allotments, 
mining areas, campgrounds, critical habitat areas. (Does 
not cover non-USFS land.) 

6. Sheep grazing - restricted from cattle allotments, 
mining areas, campgrounds, critical habitat areas. 
(Does not cover non-USFS land.) 

7. Hunting - restricted from active mine lease areas 
and private land. 

8. Hiking - restricted from active mine lease areas and 
private land. 

9. Roads - restricted from designated roadless or 
primitive areas. (None in study unit.) 

10. Snowmobiling - restricted from active mine lease 
areas, designated critical habitat areas, and private 
land. 

11. Off road vehicles - restricted from active mine 
lease areas, designated critical habitat or erosion 
hazard areas (usually restrictions on leaving road 
or trail with vehicle), and private land. 

12. Buildings - restricted from roadless or primitive 
areas and archeological resource areas. 

13. Fishing - restricted from active mine lease areas 
and private land. (Technically, the water and streambed 
are public property and use cannot be denied, but where 
access to the stream bank is denied, fishing is restrict­
ed as a practical matter.) 

Dead trees, interpreted from Forest Service color aerial 
photos. Areas of apparent dead trees were recorded on 
the working map and spot checked on the ground. The 
photo identifications were accurate but not complete -
additional areas of dead trees were seen on the ground. 
The data were recorded as a percent of the area with 
significant numbers of dead trees. 

Phosphorus outcrop, indicated as present (1) or not (0) 
in a unit as ascertained by using phosphate EIS map. 

Archeologic or historic site, determined from BLM unit 
plan report (Lane's Grave and Lander's cutoff). 
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Table 12. Continued. 

Indicator Attribute, measurement method for indicator 

A16 

A17 

Al8 

Minimum elevation, nearest 100 feet estimated for the 
lowest spot in the land unit from contours on USGS 
quadrangle maps. 

Maximum elevation, nearest 100 feet estimated for the 
highest spot in the land unit from contours on USGS 
quadrangle maps. 

Maximum elevation of stream (for units with third or 
higher order streams), lowest elevation of adjacent 
upstream unit or elevation where two second order streams 
join to form a third order stream. 

The attributes identified in Table 12 are either easily measured 
or readily obtainable from secondary sources. They include general 
land, vegetation, and ownership classification; road access descrip­
tors; stream size and slope; the presence of legal restrictions to 
various uses; factors making an area suited or unsuited for a use; and 
elevation range and slope. None are costly to measure, and collec­
tively they provide information that can go a long way toward predict­
ing the suitability of a land unit for each of the uses. 

The indicators from Table 13 originally proposed for use 1n 
reasonability index construction are outlined in Table 15. After 
collecting the data (Table 14), even this relatively simple outline 
proved more complex than could be supported with the limited informa­
tion on use by land unit. The indicators actually used for assessing 
the reasonability of a given land unit for a given use are stated and 
combined into indices in Table 16. The resulting reasonability 
assessment (binary value of 1Rui in Equation 2) for each land use 
for each of the 343 land units are given in Table 17. Water uses were 
not covered because those occurring in the Upper Blackfoot Watershed 
are not explicit products of land use planning. 

The 25 more difficult to quantify site attributes considered for 
employment in Equation 5 for estimating the intensity of a given use 
in a given unit are presented in Table 18. The measurements for the 
343 units are recorded in Table 19. The attributes from Tables 13 and 
18 originally proposed for estimating use intensities are shown in 
Table 20. Some uses cause impacts of significant public concern 
(Equation 6) and whose magnitude depends on other attributes of the 
land unit. Attributes suggested for consideration for this purpose 
are shown by use in Table 21, but this analysis was not taken further. 

57 



Table 13. Data items for calculating reasonability attributes. 

Attribute 

Al 
A2 

A3 

A3 

A3 
A3 

A3 

A3 

A3 
A4 

A4 

A4 
A5 

A6 

A7 
A8 

Number 

1 
2 
3 

4 

5 

6 
7 

8 

9 

10 
11 

12 

13 
14 

15 

15 
16 

Mnemonic 

UNITNOI 
UNITSQM1 
UN1TYPE 

COMT1MBR 

NCOMTMBR 

ASPEN 
MBRUSH 

SAJGRASS 

RIPGRASS 

CONIF 
FSOWN 

PUBOWN 

PRIVOWN 
ROADTYPE 

ROADLTH 

ROAD 1ST 
STRMLNTH 

A9 17 STRMORDR 

Units 

0.01 mi2 

Tenths 

Tenths 

Tenths 
Tenths 

Tenths 

Tenths 

Tenths 
Fifths 

Fifths 

Fifths 

0.1 mi 

0.1 m1 

0.01 m1 

AID - calculated from other data 
All 18 DRANSQMI 0.01 mi2 

A12 19 NOLOG Tenths 

Al2 20 NOFRWOOD Tenths 

Al2 21 NOPHOS Tenths 

A12 22 NOOG Tenths 

Al2 23 NOCOWS Tenths 

Al2 23 NOSHEEP Tenths 

Al2 24 NOHUNT Tenths 
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Data Item Definition 

Number of unit from Figure 1 
Land area in the unit 
Land type class as defined 

by Table 2 
Decile of area with 

commercial conifer timber 
Decile of area in conifer 

but not commerical timber 
Decile of area in aspen 
Decile of area in mountain 

brush 
Decile of area ln sagebrush 

and grass 
Decile of area in riparian 

grass 
Decile of area in conifers 
Fifths in Forest Service 

ownership 
Fifths in BLM or state 

land 
Fifths in private ownership 
Classified as defined on 

Table 12 
Length of mapped road in 

the unit 
Road distance to narrows 
Length of third or higher 

order st ream 
Highest Horton stream order 

Drainage area tributary to 
largest stream leaving unit 

Decile of area with logging 
restriction 

Decile of area with fire­
wood cutting restriction 

Decile of area with 
phosphate mining restriction 

Decile of area with oil or 
gas exploration restriction 

Decile of area with cattle 
grazing restriction 

Decile of area with sheep 
grazing restriction 

Decile of area with hunting 
restriction 



Table 13. Continued. 

Attribute Number Mnemonic Units Data Item Definition 

Al2 25 NOH IKE Tenths Decile of area with 
hiking restriction 

Al2 26 NO ROADS Tenths Decile of area designated 
road less 

A12 27 NOSNOMO Tenths Decile of area with re-
striction against snow-
mobiles 

Al2 28 NOORVS Tenths Decile of area with re-
striction against off-
road vehicles 

Al2 29 NOBUILD Tenths Decile of area with no 
building permitted 

Al2 30 NOFISH Tenths Decile of area with 
fishing restriction 

Al3 31 BEETKILL Hundredths Percent of area in dead 
trees 

Al4 32 OUT CROPP 0-1 1 if phosphate ore outcrop 
exists 

A15 34 RELIC 0-1 1 for suspected archeologi-
cal or historical sites 

A16 35 MINELEV 100 ft Minimum elevation in unit 
Al7 36 MAXELEV 100 ft Maximum elevation in unit 
Al8 37 STRMHGT 100 ft Elevation where stream 

enters unit 
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Table 14. Easily measured indicators by land units. 

UNlTNO 1 
UNITSQMl 32 20 73 144 126 30 13 38 34 II 10 III 8 142 29 35 10 59 27 16 18 26 19 
UNITYPE 34 17 29 26 17 24 1 28 29 7 29 28 26 29 28 7 32 18 27 28 3 1 28 
COMTIMBR -1 -1 -1 -1 -1 10 9 0 10 4 4 2 6 6 15 2 2 4 6 6 4 8 6 10 
NCOMTMBR -1 -1 -1 -1 -1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASPEN 0 0 0 0 0 0 a 4 0 4 6 8 4 0 0 4 4 6 4 0 4 a a 0 
MBRUSH 0 0 0 0 0 0 0 4 0 2 0 0 0 0 0 4 4 0 0 2 2 0 0 0 
SAJGRASS 0 0 0 I 1 0 0 Q 0 0 0 0 0 0 0 0 0 0 0 a a 0 2 0 
RII'GRASS 0 0 0 0 0 0 a 0 0 a a 0 0 0 0 0 0 0 0 0 0 0 a a 
CONlF 10 10 10 9 9 10 9 2 10 4 4 2 6 6 10 2 2 4 6 6 4 8 6 10 

FSOWl'l 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
PUBQWN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
PRIVOWN 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 
ROADTYPE 1 1 1 1 1 0 1 0 0 0 0 1 2 1 0 0 0 0 0 2 0 2 2 2 

ROADLTH 5 2 II 17 13 a 3 0 0 0 0 4 15 2 2 0 0 0 0 13 0 4 7 0 

ROAD 1ST 232 232 232 210 210 205 200 200 200 205 200 204 190 195 195 195 195 204 190 190 195 175 184 187 
STlU1LNTH 0 0 0 94 121 0 43 0 0 0 0 a 0 35 0 0 0 0 Q 49 0 22 18 0 
STRMORDR 0 0 0 3 3 0 3 0 0 0 0 0 0 3 0 0 0 0 0 3 0 3 3 0 
DRANSQMI 0 0 0 40 395 o 520 0 0 0 0 0 0 55 0 0 0 0 0 74 0 92 94 0 

NOLOG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NOFRlIOOO 0 a Q a 0 0 0 0 0 0 0 Q 0 Q 0 0 0 0 0 0 0 0 0 0 
NOPHOS 5 0 7 0 6 10 4 9 10 8 10 10 3 0 8 4 2 10 10 7 10 0 8 9 
NOOG a 0 0 0 0 0 0 0 a 0 0 a 0 0 0 0 0 0 0 0 0 0 0 a 

Nocaws 10 10 10 10 9 9 2 8 10 10 7 10 7 a 9 10 10 10 10 2 10 0 0 10 
NOSHEEI' 0 0 0 0 1 1 8 2 a 0 3 0 3 10 I 0 0 0 0 8 a 10 10 0 
NO HUNT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 
NOH IKE 0 0 a a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NOROADS 0 0 a a 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NOSNOMO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NOORVS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 a 
MOSUlLO 0 0 0 0 0 0 0 0 a a 0 0 0 0 a 0 0 0 a 0 0 0 0 0 
NOFISH 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BEETKILL 20 20 20 20 20 -1 20 20 -I .-1 20 -I 20 20 -1 -1 -I -1 -I 20 -1 a 0 0 
OUTCROPI' I 0 I I I 0 a 0 0 I 0 0 1 0 1 1 0 0 1 0 1 1 a 0 
RELIC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a a 
MINELEV 17 76 74 72 7J 73 72 74 14 78 75 76 70 71 71 72 82 77 78 70 71 70 6? 71 
MAXELEV 85 81 81 87 82 83 73 84 82 85 81 82 78 72 84 83 88 83 80 74 82 72 71 76 
STRMIIGT 0 0 0 74 74 a 73 0 0 0 0 0 0 72 0 0 0 0 0 71 0 70 70 0 

Land Unit Numbers 
UNlTNOI 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 
UNITSQM! 25 9 10 65 93 17 70 20 45 51 75 141 33 9 27 7 8 18 1 42 21 43 13 51 
UNITYPE 32 29 28 32 18 3 32 28 18 26 28 37 27 3 26 28 2 3 27 10 1 28 29 32 

COMTIMBR 6 10 6 10 7 9 10 6 10 10 0 4 4 4 8 0 0 0 4 10 9 4 8 6 

NCOtITMBR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASPEN 4 0 4 0 2 0 0 4 0 0 6 5 5 2 0 10 0 2 0 4 0 2 2 4 
MIlRUSl! 0 0 0 0 0 0 0 0 0 0 a 0 0 a 0 0 0 0 0 0 0 2 0 0 

SAJGRASS 0 a 0 0 0 0 0 0 0 0 0 0 0 4 2 0 1 0 1 0 0 0 0 a 
RIPGRASS 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 a 0 0 0 a 0 0 0 0 

CotHF 6 10 6 10 7 9 10 6 10 10 4 4 4 0 8 0 0 0 4 10 9 4 8 6 
FSOWN 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
PUBOWN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 a 0 0 

PRIVOWN 0 0 0 0 a 0 a a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ROADTYPE 0 0 0 0 1 2 1 0 0 1 1 I 3 3 1 a 3 3 0 0 2 1 0 1 

ROADLTH ;} 0 0 0 1 6 8 0 0 4 '1 9 0 3 5 0 2 4 0 0 2 6 0 10 

ROACIST 196 220 220 220 175 173 215 215 176 195 195 191 164 166 181 187 163 160 160 187 169 187 194 196 

STRHLNTH 0 0 a 0 0 46 0 0 113 0 0 96 40 47 0 0 22 0 22 0 46 73 0 0 
StR.'10RDR a 0 a 0 0 4 0 a J 0 0 4 4 5 0 0 5 0 5 0 3 3 0 0 

DRANSQMI a 0 0 0 a 63 0 0 15 0 0 22 43 253 0 0 201 o 204 0 38 36 0 0 

NOLOG 0 Q a 0 0 0 a 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 

NOFRWOOD 0 0 0 a 0 0 0 0 0 a 0 a 0 0 0 a 0 0 0 0 0 a 0 0 

NOPHOS 2 10 10 10 10 6 10 10 10 10 10 8 1 1 10 to 9 6 10 10 7 10 10 2 
NOOG 0 0 0 0 0 0 0 a 0 0 0 0 a a 0 0 0 0 0 0 0 0 a 0 

NOCOWS 10 10 to 0 9 2 10 10 10 10 10 9 2 5 0 10 0 0 0 10 0 to 10 10 
NOSHEEP a 0 0 0 1 10 0 0 0 0 0 1 10 10 10 a 10 10 10 0 10 0 0 0 

NOHUM! 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 

NOIlIKE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 
NOROADS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

NOSNOMO 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 

NOORVS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

NO BUILD 0 0 0 0 a 0 0 0 0 0 a 0 0 0 a 0 0 0 0 0 0 0 0 0 

NOFlSH 0 0 0 a 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 
BEETKILL 1 -1 -1 -1 -1 30 -1 -1 -1 10 10 30 20 50 50 30 20 30 0 30 30 0 0 0 
OUTCROPP 1 0 0 1 1 a 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 1 
RELIC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
MINELEV 75 79 80 76 70 70 77 75 70 72 72 70 74 69 69 72 69 69 69 61 70 70 74 75 
MAXELEV 85 85 84 84 80 75 86 83 82 84 87 86 69 69 72 76 70 70 70 81 70 82 81 83 

0 70 73 0 0 

Note: -1 indicates no available information 
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Table 14. Continued. 

LINInOI 
c:-;USQMI 
UNI1Y?E 
co;rrI>IBR 
~CO;rr>IBR 

ASPEN 
MBRUSH 
SAJGRAS5 
RIPGRASS 
CON IF 
FSOWN 
PUBOWN 
PRIVOWN 
ROADTYPE 
ROADLTH 
ROAD lSI 
STR~!LNTH 

STRMORDR 
DRANSQHI 
NOLOG 
NOFRWOOD 
NOPHOS 
NOOG 
NOCOW5 
NOSHEEP 
NOHL'NT 
NOH IKE 
NOROADS 
N05N0110 
NOORVS 
NOSUlLO 
NonSH 
BEETKILL 
OUTCROPP 
RELIC 
MINELEV 
MAXELEV 
STRMHGT 

UNITNOI 
UNITSQ111 
UNITYPE 
CO:-IT I~UlR 
NC(1Hr~niR 
ASPEN 
l1BRUSH 
SAJGRASS 
RIPGRASS 
CONIF 
FSOWN 
PUBOWN 
PRIVOl-'N 
ROADTlPE 
ROADLIH 
ROADIST 
STR~!LNTH 

STR.'!ORDR 
ORANSQHI 
NOLOG 
NOFRWOOO 
NOPHOS 
NOOG 
!IOCOWS 
NOSHEEP 
NOHUNT 
NOH IKE 
NO ROADS 
NOSNOMO 
NOORVS 
NOSUILD 
NOFISH 
BEETKILL 
OUTCROPP 
RELIC 
MINELEV 
MAXELEV 

X'or:e: 

]0 73 38 47 
7 38 82 27 
6 4 6 2 

5 
3 
o 

o 0 0 0 0 
o 0 4 4 0 
4 0 0 0 a 
o 0 0 2 0 
o 0 0 0 10 
6 4 6 2 0 
5 5 5 5 5 
o 0 0 0 0 
o 0 0 0 0 
1 1 0 3 3 

10 0 0 5 1 

15 

6 
o 
o 
o 
o 
o 
6 
5 
o 
o 
3 
J 

14 57 45 52 39 
27 10 29 7 27 
9 8 844 
o 0 0 a 0 
o 2 2 4 2 
00021 
o 0 0 0 2 
o 0 0 a 0 
9 8 0 4 4 
5 5 5 5 5 
00000 
o 0 0 0 0 
a 0 0 a 3 
a a 0 0 1 

2Ql 
o 
o 
o 
o 
o 
1 

203 
o 
o 
a 
o 
a 

10 

187 
o 
o 
o 
o 
o 

10 

161 
o 
o 
o 
o 
o 
8 

157 160 160 
o 64 45 
055 
a 212 204 
000 
000 

10 10 10 

160 
o 
o 
o 
o 
o 

10 

161 
o 
o 
o 
o 
o 
9 

161 163 
o 100 
o 3 
o 2S 
o 0 
a a 

10 2 

51 10 
28 29 

2 0 
o 0 
5 lQ 

2 0 
o 0 
o 0 
2 0 
5 5 
o 0 
o 0 
o 0 
o 0 

161 
JS 

163 
o 
o 
o 
o 
o 

10 

66 67 68 ry9 70 
8 85 36 19 39 51 12 46 45 

28 27 3 26 10 30 32 38 29 
o 2 4 8 4 6 6 4 10 
o 0 000 0 0 0 0 
4 6 026 a 4 0 0 
6 0 000 406 0 
o a 0 0 a 0 a 0 0 
o 0 0 0 0 0 a 0 a 
a 2 4 8 4 6 6 4 10 
555555555 
a a 0 0 a 0 0 a 0 
o a 0 0 a 0 a 0 0 
033000000 
o 5 11 a 0 0 0 0 0 

163 147 144 
o 144 50 
055 
o 246 256 
000 
a 0 a 
4 8 10 

144 
o 
a 
o 
o 
o 

10 

144 144 144 144 144 
o a 0 a 0 
o 0 0 0 a 
a 0 0 0 0 
o 0 0 a a 
o 0 a 0 0 

10 10 10 10 10 

1 72 
3 ~9 

o 36 
9 2 
o 0 
o 6 
o 2 
o 0 
o a 
9 2 
5 5 
o 0 
o 0 
o 3 
a a 

144 
o 
a 
o 
o 
o 

10 

144 
17 
3 

o 0 0 0 0 0 000 o a 

3 
16 
o 
o 
9 
o 

10 
o 0 0 0 o 0 0 a 0 0 0 

20 
o 
a 

10 
o 

10 10 10 4 2 a 10 10 10 10 5 
00061010000 o 5 

10 10 3 0 
5 a 7 1 

7 10 10 10 10 10 10 10 
300 a a 0 0 0 

000 0 a 0 0 0 a a 0 
1 
o 
o 
o 
o 
o 
o 
o 

a 
o 
a 
o 
o 
o 
o 
a 
o 
o 

000 a 0 0 0 0 0 a 0 
000 0 a 0 0 0 a 0 0 o 0 0 0 0 0 0 0 0 0 0 
00000000000 o 0 0 0 0 0 0 0 0 0 0 
o a a 0 0 0 a 0 000 000 0 0 0 0 a a a 0 
o 0 0 0 a 0 a a 0 a 0 
00000000000 

o 0 0 0 0 0 0 0 a a a 
a a a 0 a 0 a 0 0 0 0 
00000000000 
a 20 20 20 -1 -1 -1 -1 -1 -1 -1 

o 0 0 0 0 a 0 0, 0 0 0 
o -1 -1 30 a 30 30 30 10 10 20 20 

o 
o 

01010000001 
o 0 0 a 0 0 0 0 0 0 0 

o 1 0 0 0 0 a a 0 0 0 
000 a 0 0 0 0 0 0 0 

81 73 77 68 69 68 68 69 73 
89 90 83 77 70 69 74 82 84 
o a 0 0 a 70 69 0 0 

73 74 75 76 
15 8 32 
28 26 29 
o 0 6 
o 0 0 

6 
o 
o 
a 
5 
a 
a 
o 
o 

144 
a 
o 
o 
o 
o 

o 
a 
a 
a 
9 
5 
o 
o 
6 
o 

144 
23 

3 
26 
o 
o 

4 
a 
o 
o 
6 
5 
o 
o 
o 
o 

144 
a 
a 
o 
o 
o 

11 
7 
4 
o 
o 
6 
o 
o 
4 
5 
a 
o 
o 
o 

144 
o 
o 
o 
o 
o 

77 78 
15 44 

1 27 
9 4 
a 0 
o 6 
a 0 
o a 
a a 
9 4 
5 5 
o a 
o a 
2 1 
3 1 

149 140 
26 48 

3 3 
28 26 
o 0 

o a 

79 80 
8 75 
2 29 
o 6 
o 0 
o 4 

o 
o 
o 
6 
5 
o 
o 
o 

'0 

o 
o 
a 
o 
5 
a 
a 
3 
1 

140 
14 
5 

284 
o 
a 

140 
o 
o 
o 
o 
o 

81 
75 
27 

5 
o 
o 
1 
2 
o 
5 
5 
o 
o 
3 
6 

140 
76 

3 
26 
a 
o 

73 68 71 77 
89 75 87 88 
o 71 78 0 

70 67 68 69 70 72 80 82 77 
76 77 68 72 80 82 83 89 85 
a 68 68 a 0 0 0 0 0 

71 70 
78 84 
a 72 

Land Unit Numbers 
82 83 84 85 86 87 88 

8 101 7 101 20 24 67 
7 28 27 29 38 7 28 
2 2 10 8 0 0 4 
o 0 0 0, 0 0 0 
6402905 
2 4 0 0 0 10 0 
o 0 0 0 0 0 a 
o 0 a 0 a 0 a 

2 10 8 a 0 2 
5 
a 
a 
o 

4 
5 
a 
o 
o 
o o 

140 
a 
o 
o 
a 

5 5 5 5 5 
a 0 0 0 a 
o 0 a 0 0 
000 1 0 
o 0 0 8 0 

140 127 127 127 127 
o a a 89 a 
a 0 a 3 a 
o 0 0 24 0 
o 0 a 0 0 

105 
20 

3 
18 
o 

89 90 91 
47 8 36 
29 7 29 
8 0 10 
000 
160 
o 4 a 
000 
o 0 0 
8 
5 
o 
a 
a 
o 

127 
Q 

o 
a 
o 

o 
5 
o 
o 
o 
o 

127 
a 
o 
o 
o 

10 
5 
o 
a 
o 
o 

127 
o 
o 
o 
o 

0000000000 

92 93 94 95 96 
39 19 18 25 15 
28 27 3 2 

4 2 6 0 a 
o 0 0 a 0 
2 0 4 0 0 
4 0 0 0 0 
o 8 a 9 0 
o 0 0 0 0 

6 2 
5 
o 
o 
a 
o 

o 
4 
a 
1 
3 
5 

a 
4 
o 
1 
o 
2 

4 
5 
o 
a 
o 
o 

132 
o 
o 
o 
o 
o 

132 
o 
o 
a 
o 
o 

5 
a 
a 
o 
a 

127 
a 
a 
o 
o 
o 

127 
50 
5 

325 
o 
o 

127 
30 

5 
326 

a 
o 

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 
00000 0 0 0 a 0 000 0 0 a 0 0 a a 0 a 0 0 

10 10 10 10 0 7 0 10 8 10 10 10 10 10 10 10 10 10 10 10 5 a 0 0 
a 0 a 0 10 3 10 0 2 0 0 0 a 0 0 a 0 0 0 0 10 10 10 
o 0 a 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 
000000000000000000000000 
000000000000000000000000 
o 0 a 0 8 6 10 0 0 0 0 8 2 3 0 a 0 0 0 0 0 0 2 10 
000 0 a 0 0 0 0 0 0 a 0 a 0 0 0 0 0 0 0 0 0 0 
o a 0 0 0 0 a 0 a 0 0 a a a 0 0 0 0 a 0 0 0 0 0 
o 0 0 a 0 0 0 0 0 0 0 a 0 0 a 0 0 0 a 0 0 0 0 0 
o -1 -1 -1 30 30 30 -I 15 -1 15 30 30 0 0 -1 -1 a -1 -1 -1 -I 0 0 
100100001000001110000100 
o 0 0 0 0 0 000 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 

82 71 74 83 67 67 67 71 68 82 70 67 69 67 78 69 74 82 70 70 69 68 67 67 
84 73 84 86 69 79 68 39 77 85 88 69 75 72 84 79 84 88 83 82 72 69 68 67 

70 67 

-1 indicates no available information 
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Table 14. Continued. 

L:ilT::Ol 
l'~i IT SQ~!I 
C; ;TYPE 
CO::1TJSR 
SCO~IT>fBR 

ASPEN 
~!BRl'SH 

S,\JGRASS 
R1l'GRASS 
CONU 
FSOWN 
PUBOWN 
PRIVOWN 

. ROADTYPE 
ROADLIH 
ROAD 1ST 
STR~!WIH 

STRMORDR 
DRANSQMI 
NOLOG 
NOFRWOOD 
NOPHOS 
NOOG 
NOCOWS 
NOSHEEP 
NOHUNT 
NOH IKE 
MOROADS 
NOSNO~O 

NOORVS 

97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 \l4 115 116 
54 19 
27 14 

10 30 12 27 8 12 11 21 45 42 47 9 11 8 32 73 50 67 
27 27 3 4 27 27 29 28 14 29 3 32 29 14 29 28 29 

6 4 0 0 10 9 10 0 10 -1 0 0 0 4 10 4 8 2 0 
o 0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 0 o 0 

4 10 
4 0 

4 6 0 0 0 0 0 0 10 0 6 0 6 10 0 0 2 0 
o 
o 
o 
6 
5 
o 
o 
o 
o 

127 
o 
o 
o 
o 
o 

10 
o 

10 

o 000 0 0 0 0 0 0 0 4 060 4 2 
o 6 4 6 0 Q 0 0 Q 0 10 0 0 0 0 a 0 
000 0 0 0 0 0 0 0 0 0 0 0 0 a a 
4. 0 0 4 10 9 10 0 10 4 0 0 0 4 10 4 8 

o 0 
o a 
2 0 

5035555542033555555 
000 0 000 0 1 3 I 2 200 a 0 a 0 
o 5 2 0 0 0 0 0 0 0 4 0 000 000 0 
3333040000300001000 
o 5 740 3 0 0 a 0 1 0 000 1 000 

124 221 122 119 122 127 127 127 112 105 98 104 104 135 135 135 135 130 130 
o 58 55 21 0 12 0 0 0 a a 0 0 0 0 0 0 0 0 
o 5 5 5 0 3 0 0 0 0 0 0 0 a 0 0 0 0 0 
o 355 376 400 0 24 a 0 0 a 0 a 0 a 0 0 0 0 0 
o 000 0 0 0 0 a 0 0 a 0 0 0 0 0 0 0 
o a 0 0 0 0 a 1 4 8 10 3 2 a 0 0 0 0 0 
5 10 10 8 10 10 10 9 6 2 0 7 8 10 10 10 10 10 10 
o 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 a 0 
o 0 0 a 10 10 10 10 8 2 0 5 5 10 10 10 10 10 10 

117 
48 15 16 
27 39 26 

6 0 -1 
o 0 -1 
4 10 4 
o 
o 
o 
6 

5 
o 
o 
1 
9 

127 
o 
o 
a 
o 
I 
2 
o 
o 

o 0 
o 4 
o 
o 
5 
o 
o 
1 
o 

121 
o 
o 
o 
o 
o 
8 
o 
5 

o 
2 

3 
o 
2 
3 
4 

130 
o 
o 
o 
o 
4 
2 
o 
5 

o 10 10 10 10 0 a 0 0 0 0 a 0 0 0 0 0 0 0 0 10 5 10 
4 
4 
o 

o 0 0 0 0 a 0 0 1 4 8 10 3 2 0 0 0 0 a 0 1 0 
o 0 0 0 0 0 0 0 I 4 8 10 3 2 0 0 a 0 0 a 1 0 
000 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 10 5 0 10 a 1 4 8 10 3 2 0 0 a 0 0 0 1 0 
o a 0 0 0 0 0 0 0 a 0 0 0 0 0 a 0 0 0 a 1 0 

15 
3 26 
o 10 
o 0 
4 0 
o 
6 
Q 

o 
o 
o 
5 
3 
7 

112 
34 

5 
382 

o 
10 
o 
o 
o 

o 
o 
o 

10 

3 
1 
1 
o 
a 

112 
o 
a 
a 
o 
5 
5 
a 
a 

a a 
10 5 
10 5 
o a 

10 5 
10 5 

MOBUlLD 0 a 0 0 a 0 0 0 0 0 0 0 0 0 a o. 0 0 0 0 0 a 

4 
4 
o o 0 

NOFISH a 0 a a 0 0 0 O· 1 4 8 10 3 2 0 0 0 0 0 0 1 0 4 10 5 
BEETKILL 15 15 0 0 15 15 15 5 0 10 10 0 -I -1 -1 -I -1 5 5 10 -I 0 15 a 15 
OUTCROPP 
RELIC 

o 100 0 0 0 0 a 0 a 0 0 0 0 a 0 0 a 0 100 
o 0 0 0 0 a 0 0 0 0 0 0 0 0 0 a a a 0 0 0 0 0 

o 0 
o 0 

MINELEV 64 67 67 67 67 67 67 69 69 70 66 66 69 68 80 77 70 72 70 80 68 68 67 66 66 
MAXELEV 74 71 67 67 69 67 68 79 80 77 75 66 82 77 88 83 82 82 84 84 71 70 68 67 67 
STrurnGT~ __ ~O __ ~0~~6~1~6~7~6~7 __ ~0~~6~7 __ ~0 __ ~0~~0~~0 __ ~0~~O~_0~~0 __ ~0~~0~~0 __ ~0~~0~_0~~0 __ ~0~6~7~0 

123 124 
20 22 
28 11 
o 4 
o 0 

10 6 
o 0 
o 0 
a 0 
o 4 
5 5 
o a 
o a 
o 0 
o 0 

130 104 
o 0 
o 0 
o 0 
o 0 
o 0 

10 10 
o 0 

10 9 
o 1 
o 0 
o 0 
o 0 
o 0 
o a 
o 0 
a 0 

-1 0 
o 0 

Land Unit Numbers 
125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 1"40141 
55581287507993913 9110 8702301287593836457217 
n 3 H 3 3 26 32 31 m m 11 ~ 15 7 ~ 37 19 m u ~ u ~ 32 
o 0 -I 0 0 -1 9 2 2 0 6 10 0 6 8 4 2 0 10 4 6 2 6 
a 0 -1 a a -1 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 
4 0 a 0 0 2 0 7 7 2 4 0 10 2 2 4 2 10 0 6 2 2 4 
a 0 0 0 000 0 0 8 0 0 0 202 1 0 000 0 0 
6 10 a 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 
000 1 100 0 0 0 0 0 a 0 000 0 000 2 0 
o a 10 0 0 7 9 2 2 0 6 10 0 6 8 4 2 a 10 4 6 2 6 
30000454555555555555555 
o 1 5 a 2 0 a 0 000 0 0 0 0 a 0 0 0 0 a 0 0 
2 4 053 1 0 100 0 0 0 0 a a 0 0 0 0 0 0 0 
13033302200000000000010 
o 12 7 2 2 13 0 2 I 0 0 0 a 0 0 0 0 0 0 0 0 0 0 

117 104 104 97 95 105 105 105 100 105 105 105 91 134 134 134 134 134 134 149 149 139 134 
o 150 a 43 43 17 a 29 17 0 0 a 0 0 0 52 101 a 0 0 a 215 0 
o 5 0 3 330 3 3 0 a a 0 0 0 3 3 0 000 3 0 
o 406 0 34 35 34 0 27 24 0 0 0 a 0 0 36 50 0 0 0 0 70 0 
o 0 0 0 0 0 0 0 0 0 6 0 a ·0 0 6 0 0 a 0 0 0 0 
5 10 10 10 10 2 0 0 0 0 6 0 0 0 0 6 0 a 0 0 0 0 0 
5 0 0 0 0 8 10 10 10 10 6 10 10 10 10 10 10 10 10 10 10 10 10 
o 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 
7 0 a 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10 4 6 9 9 10 
o 0 000 0 0 0 006 1 200 0 0 064 I 1 a 
5 10 10 10 10 2 0 0 0 0 6 0 0 0 0 0 0 a 0 0 0 0 0 
5 10 10 10 10 2 0 0 0 0 6 0 a 0 0 0 0 0 0 0 0 0 0 
o 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 
5 10 10 10 10 2 0 0 0 0 6 a 0 0 0 5 0 0 0 0 a 0 a 
5 10 10 10 10 2 0 0 0 0 6 0 0 0 0 5 0 0 0 0 0 0 0 
o 0 0 0 0 0 0 0 0 0 0 a 000 a 0 0 000 0 a 
5 10 10 10 10 2 0 a 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 
o 0 10 0 0 10 10 10 20 0 -1 -1 0 5 5 -1 -1 0 -1 -1 -1 -1 -1 
1 0 0 0 0 0 0 a 0 1 1 a 0 0 0 0 0 0 0 0 0 0 0 
o 0 0 0 0 0 0 0 a 0 0 0 0 0 000 0 0 0 0 0 0 

UNITNOI 
UNITSQMI 
UNITYl'E 
COHTIMBR 
tlCO,IT~BR 

ASPEN 
MBRUSH 
SAJGRASS 
RlPGRASS 
CONIF 
FSO,,'N 
PUBOWN 
PRIVO,,'N 
ROADTYPE 
ROADLTH 
ROADIST 
STRMLNTH 
STR110RDR 
DRANSQMI 
NOLOG 
NOFRWOOD 
NOPHOS 
NOOG 
MOCOWS 
NOSHEEP 
NOHL'NT 
HORIKE 
NOROADS 
N05N0110 
MOORVS 
MOSUlLD 
MOnS!! 
BEETKILL 
OUTCROPP 
RELIC 
MINELEV 
1-'.AXELEV 

65 65 66 65 65 66 69 79 68 78 71 69 75 77 70 73 70 79 66 67 67 66 70 
77 66 71 66 66 76 82 82 74 80 78 76 76 84 85 87 79 82 80 80 80 75 73 

~~ __ ~~~~~~~~~~~~~~~~~~~~~~~~~~ __ o 

o 0 
70 69 
83 81 

Note: -1 indicaces no available informacion 
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Table 14. Continued. 

l~rT~01 
L·~; n"Sl)~~I 

L'~;I"!'YPE. 

co~;r r~fBR 

~;C0~rr~fSR 

ASPE)I 
:1BRt:SH 
SAJGRASS 
RIPGRASS 
CONIF 
FSOWN 
PUBO .. 'N 
PRIVOWN 
ROADTYPE 
ROAnLTI! 
ROAOIST 
STRHLNTH 
STRfIORDR 
ORANSQMI 
NOLOe 
NOFRIIOOD 
NOPIIOS 
NOOG 
NOCOIIS 
NOSHESP 
NOHUNT 
NOHIKE 
)lOROADS 
NOSNO~!O 

NOORIlS 
NOBUILD 
NOFISH 
BEETKILL 
OUTCROPP 
RELIC 

tINIINOI 
UNITSQMI 
UNrTYPE 
Cmrn~!BR 

NCmrr:1BR 
ASPEN 
MBRUSH 
S.\JGRASS 
RIPGRASS 
CONIF 
FSOWN 
PUBOWN 
PRIVOWN 
ROADTYPE 
ROAnLIIi 
ROAD 1ST 
STR}ILlITll 
STlU10RDR 
DRANSQMI 
NOLQG 
NOFRWOOD 
NO PliO S 
MOOG 
NOCOIIS 
NOSHEEP 
NOHUNT 
~OHIKE 

NOROADS 
NOSNOMO 
NOORVS 
)I0BUlLD 
NOFISH 
BEETKILL 
OUTCROPP 
RELIC 
:1INELEV 
MAXELEV 

~ote: 

40 3 11. 
2 0 0 a 
o 0 0 0 

o 
o 
2 
5 
o 
a 
a 
a 

134 
o 
o 
o 
o 
o 

10 
o 

10 

o 0 to 
o 
8 
a 
a 
a 
Q 

5 
1 
2 

134 

o o 
o 

o 0 
o 0 
o 5 
o a 
5 0 
o a 
o 0 

56 127 
50 259 Q 

3 5 0 
71 200 0 
o 0 0 

10 10 0 
o a 10 
000 
000 

o a 0 10 
o 10 10 0 
o 10 10 0 
o 0 0 0 
o 10 10 0 
a 10 10 0 
o 0 o· 0 
o 10 10 a 

-1 0 a 0 

174 

o 
o 

70 
73 

175 
24 

7 
o 
o 

o 

o 
3 
o 
o 
1 
o 
4 
I 

11 
122 

o 
o 
o 
o 
6 
4 
o 
o 
o 
6 
6 
o 
6 
6 
o 
6 
o 

176 
9 

39 
o 
o 

8 
2 
o 
o 
o 
5 
1 
3 

122 
o 
o 
o 
o 

10 

o 
o 
o 
a 

10 
o 
o 
o 
o 
5 
1 
3 

131 

o 
o 
o 
o 

o 
o 
o 
o 

8 10 
2 a 
a 0 
o 2 
o 0 
5 3 
1 3 
a a 

26 
10 
o 
o 
o 
o 
o 

10 
5 
o 
o 
3 
4 

126 91 91 

2 
o 
o 
o 
o 
4 
6 
o 
o 
o 
5 
o 
o 

)8 
16 II 26 16 ) 1 3 II 
6 6 0 2 -1 0 

3 
o 
o 
o 

o o 0 0 0 0 0 o -1 
o 2 6 0 0 4 

o 0 0 0 0 0 0 0 0 0 a a o 
4 4 0 0 4 2 4 10 5 8 0 
60000000 1200 
o 4 10 10 6 6 0 0 2 0 6 6 
2455555530053 
o 0 0 0 0 000 0 0 0 0 0 
3100000225502 
3210100001300 

12 12 8 0 6 0 0 0 0 3 13 0 0 

o 1211 
o 5 
a 443 
a a 

10 10 

56 85 85 85 85 73 73 73 68 68 67 68 73 73 
o 0 290 31 0 0 a 13 0 0 0 26 6 107 0 
003300030003330 
o 0 19 10 0 0 0 16 0 0 0 21 21 25 0 
o 0 0 a 0 002 3 0 0 0 0 a 0 
6 0 10 8 2 0 0 2 3 0 0 5 10 10 0 

o 0 6 10 0 3 4 10 10 8 7 10 10 6 0 0 10 
o 0 000 0 0 0 0 0 a 0 0 0 000 

o 
o 
o o 0 
000 

o 10 0 5 10 10 10 10 10 10 10 7 0 0 10 
000 0 000 800 o 

o 
o 

o 
5 
5 

o 0 
10 10 
10 10 
o 

o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
7 
3 
o 
5 
o 
7 
7 

o 
7 
7 
o 
7 

10 10 10 
10 

o 
10 
o 

10 10 
10 10 
o 0 

10 10 
o 0 

60108200230 
60108200230 

000 000 a 
0108 OOZ 0 
0108 002 0 
000 000 0 
o 10 8 0 0 2 a 

10 0 a 10 10 10 
o 
o 

66 

o 
o 
o 
o 
o 
o 

o 
5 
5 
o 
5 

177 178 179 180 181 182 183 184 185 186 187 188 189 190191 
67 18 23 7 
34 26 38 39 

20 24 26 32 45 34 17 59 26 8 32 
II 40 5 18 39 34 40 18 2 3 5 
2 0 0 0 -1 -1 -1 0 0 0 680 0 

o 0 0 0 

10 

194 
II 

195-
69 

40 10 
10 10 
o 0 

172 
50 
31 
o 
o 
o 
o 

10 

173 
16 
18 
o 
o 
o 
o 
8 
2 
o 
o 
o 
5 
o 

28 
2 
o 
o 
o 
o 
2 
B 
o 
o 
o 
5 
3 

o 0 
o 0 a 0 0 -1 -1 -1 0 0 0 
84202222000 4 

o 
o 
o 
6 
5 
o 
o 
3 

o 4 0 

192 
23 
33 

8 
o 
2 
o 
o 
o 
8 

193 
12 

6 
10 
o 
o 
o 
o 

o 0 
o 0 
9 10 

00000 0 0 a 0 0 0 
o 6 8 1 5 0 6 3 0 0 10 

o 
o 
o 
o 

1 0 o 0 0 a 2 8 0 0 0 10 0 
o 0 2 Q 0 8 0 3 2 4 0 0 a 

55335353205 o 0 
o 0 000 0 0 0 0 0 0 0 0 
5 5 0022020 2 3 5 0 
3 3 o 000 300 3 303 

o o 1 10 
72 57 60 57 
o 0 66 80 
o 0 6 6 
a Q 962 953 
o 0 0 0 

10 10 10 10 
o 0 0 0 
o 0 0 0 
o 0 a 0 
o 0 0 0 

2 0 0 0 0 11 a 0 7 5 0 1 
56 0 0 0 0 0 1 1 3 5 10 10 
o 0 0 0 12 97 0 a 74 144 0 0 
00006 6 006 600 
o a Q 011421142 0 011421123 0 0 
000 0 0 0 0 0 0 0 0 4 
10000316156105 
o 10 10 10 7 9 4 8 5 5 0 2 
o 0 0 0 0 0 000 0 0 0 
a 10 10 10 10 10 5 10 5 5 4 10 
o 0 0 0 5 1 0 a 0 5 a 5 

2 2 10 
o 4 0 
000 
11 0 0 
5 5 5 
o 0 0 
o 0 0 
o a 0 

o 0 0 a 
15 15 15 15 
o 0 0 0 
o 0 0 0 
o 0 0 0 
7 8 10 0 
7 8 10 0 
3 2 1 10 
o 0 0 0 

10 10 10 10 
7 6 10 10 

10 10 0 a 0 3 1 6 5 6 10 1 3 6 9 0 
10 10 0 0 0 3 1 6 5 6 10 1 3 6 9 0 

5 
o 
o 
o 
o 

139 

o 
10 
5 
o 
a 
o 
o 

139 

o 0 
o 0 
o 0 

10 10 
5 5 
o 0 
a 0 
o a 
o 0 

139 140 
000 0 
a 0 a 0 
o 0 0 0 
o 0 0 0 
o a () 0 

10 10 10 10 
o a 0 0 

10 10 10 10 
o 0 0 0 
o 0 0 
000 

a 
o 10 10 10 

10 10 10 
000 

10 10 10 
10 10 10 
000 

10 10 10 
o 0 0 

o 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 000 0 0 

100 
000 

64 64 64 
68 65 6S 

10 10 0 0 0 3 1 6 1 5 6 10 1 3 6 9 0 0 0 0 0 
10 10 0 0 0 3 1 6 1 5 6 10 1 3 6 9 0 0 0 0 0 
o 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 

10 10 0 0 0 3 1 6 1 5 6 10 1 3 6 9 0 a 0 0 0 
o 0 -1 0 0 0 0 5 0 0 0 0 10 10 -1 0 0 -1 -1 -1 -1 
00 11QOO 11000011100000 
000000000000000000000 

64 65 70 67 66 64 64 65 67 6& 64 64 64 65 67 67 73 77 75 75 68 
65 68 73 75 68 68 72 73 69 71 65 64 67 75 76 78 76 82 78 79 78 

-1 indicates no available information 
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Table 14. Continued-

L'NIT:m 1 
c:; LT SQ~lI 
L'~; !TYPE 
COmr~IBR 

}lCOHr'tBR 
ASPEN 
MBReSH 
SAJGRASS 
RIPGRASS 
CONIF 
FSOWN 
PUBOWN 
PRIVOI-IN 
ROAIlTYPE 
ROAIlLTH 
ROADIST 
STRHL:;TH 
STRHORDR 
DRANSQHI 
NOLoe 
NOFRWOOD 
NOPHOS 
Nooe 
NOGOWS 
MOSHEEP 
NOHUNT 
NOH IKE 
NOROADS 
NOSNOMO 
llOORVS 
NOBUILD 
NonSH 
BEETKILL 
OUTCROP? 
RELIC 
MlNELEV 
MAXELEV 
STRMMGT 

UNITt/al 
UNITSQHI 
UNlTYPE 
COMn~rnR 

NCOHr~tBR 

ASPEN 
MBRUSH 
SAJGRASS 
RIPGRASS 
CON IF 
FSOWN 
PUBOw'N 
PRIVOWN 
ROAOTYPE 
ROAIlLTH 
ROAOtS! 
STRHLNTH 
STR110RDR 
ORANSQMl 
NOLOG 
NOFRWOOD 
NOPHOS 
NOOG 
NOCOWS 
NOSHEEP 
NOHUNT 
NOH IKE 
NOROAIlS 
NOSNOHO 
NOORVS' 
NOBurLD 
Nonsa 
BEETKILL 
OUTCROP? 
RELIC 
HINELEV 
MAXELEV 
STRl'lHGT 

1. 7 27 21 50 
40 J 38 31 

000 
o a 1 
a 

65 61 32 92 
37 32 40 26 
a a 4 ... 1 

2 -I 
o 4 

2 0 
o o 

o 
o 4 

o 
4 

o 

19 208 196 
37 4 37 
608 
o 0 
000 

30 213 14 113 155 
37 30 38 3 
6 4 a a 
o 0 0 0 
4 4 0 0 

o 
o 
o 

8 

o 
o 
o 
o 

13 25 54 66 
3 30 16 

30 29 ,,2 
39 5 

o 
a 
o 
o 
6 
4 
o 
o 
o 
5 
3 
4 

o -1 
o -1 
o 8 

o 
o 
o 

o -1 o 
o -1 o 
a 4 

4 0 
2 0 
2 0 
2 10 
5 5 

a 
o 
o 

o 
o 
o 

o 
4 
o 
2 
2 
2 
1 
1 

o 
8 
2 
o 
o 
o 
5 
I 

o 

o 
6 

o 

o 
o 

5 0 
o 0 
o 5 

o 0 0 0 0 
o 2 !O 6 
o 0 0 4 
6 0 0 
5 2 3 0 
o 100 
o 2 2 5 
o 1 0 1 

a 0 0 
2 6 2 
8 4 0 
o a 4 
o 0 a 

o 
6 
o 
a 
1 

o 0 1 1 
5 5 4 3 
030 3 

a 
140 
82 

o 

2 
6 
o 
2 
5 
o 
o 
o 
o 

o 
2 
o 
6 
5 
o 
o 
o 
o o 16 

4 
o 
a 
4 
o 
1 
o 
o 

o 
1 
5 
a 
o 
o 
o 

o 1 
o 12 

o 
1 
o 
8 
5 
o 
o 
a 
o o 3 0 15 

4 
6 
o 
o 
o 
5 
o 
o 

8 
o 
o 
o 
5 
o 
o 

o 
10 
o 
o 
o 
o 
5 
3 
4 

o 
o 
o 
2 
o 
o 
5 
3 
o o 14 a 0 

139 
o 
a 
a 
o 
o 

140 
o 
o 
o 
o 
o 

140 
160 

4 
42 
o 
o 

3 
17 
o 
o 

10 10 10 10 
o 0 

10 10 
o 0 

10 10 
o 0 
o 0 

o 

o 0 
o 0 
o o 

140 
o 
o 
o 
o 
5 

o 
5 
o 
5 
5 

140 
95 

3 
72 
o 

10 
o 
o 
o 
o 

10 

140 140 140 146 140 140 122 109 109 109 74 
77 90 32 610 96 a 0 a 78 148· 0 
444 5 3 0 0 0 350 

68 48 42 200 23 0 0 0 33 435 0 
10 10 10 0 0 0 0 0 0 0 a 
10 10 10 10 0 0 5 10 10 10 

80 84 83 
o 0 146 
o 0 5 
a 0 899 
o 0 0 

10 10 10 
8 10 10 0 10 10 5 0 0 0 a o o 
000 000 000 000 0 0 

10 10 10 0 10 10 5 5 0 0 0 0 0 0 
10 10 5 0 0 0 5 0 0 0 0 0 0 

2 0 0 10 0 0 5 10 10 10 10 10 10 

83 57 56 74 
o 0 0 81 
a 0 a 
000 
000 

10 10 10 
o 0 0 
000 
o 0 0 
o 0 0 

10 10 10 

4 
109 

o 
10 
o 
o 
o 
o 

10 
10 2 0 0 10 0 0 5 10 to 10 10 10 10 10 10 10 to o 

o 
o 
o 
o 
o 

o 
a 
o 
o 

o 
o 

000 0 0 0 0 0 000 a 0 a 0 a 0 a 0 0 0 
o 5 10 10 10 10 10 0 0 5 5 10 10 10 10 10 10 10 10 10 10 

o 0 5 10 10 10 10 10 a 0 5 5 10 10 10 10 10 10 10 10 10 10 
o 0 0 a 0 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 

o 0 0 5 to 2 0 0 10 0 0 5 5 10 10 10 10 10 10 10 10 10 10 
-1 -1 -1 -I -1 0 0 -I -1 5 -1 -1 -1 0 0 0 0 0 10 0 10 5 0 0 
000000000000000000000000 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 0 0 0 

70 68 73 65 65 65 65 67 70 64 60 74 66 67 64- 64 64 65 65 64 64 65 65 64 
81 78 75 77 74 65 70 77 78 65 83 78 78 75 68 65 64 65 73 64 66 70 70 65 
64 0 0 67 0 65 65 70 64 65 75 0 0 0 65 65 0 a a 64 0 0 0 65 

220 221 222 223 224 
16 8 90 10 30 

3 39 16 38 ·)0 
-1 4 -[ 0 -[ 
-I 0 -1 0-1 
o 6 2 0 4 
a 0 0 a 0 
a 0 1 10 2 
o 0 0 0 0 
2 4 6 0 2 
o 5 2 2 1 
o 0 a 0 a 
5 0 3 3 4 
3 0 0 0 1 
4 0 6 0 4 

77 83 74 74 88 
66 0 0 0 54 

4 a 0 a 4 
104 0 0 0 93 

o 0 0 0 0 
10 0 5 5 9 
o 10 5 5 1 
o 0 0 0 0 
o 0 1 4 0 
o 1 1 0 0 

10 0 5 5 9 
10 0 5 5 9 
a 0 0 0 0 

10 0 5 5 9 
10 0 5 5 9 
a 0 0 0 0 

10 a 5 5 9 
o 0 10 20 20 
o 0 0 0 0 
o 0 0 0 0 

65 70 64 69 65 
65 75 71 73 70 
65 0 0 0 64 

225 
124 

15 
o 
o 

a 
6 
o 
o 
5 
o 
o 
1 
3 

100 
o 
o 
o 
3 
3 
7 

226 227 228 229 
28 104 92 42 
39 39 5 2 
o -I 0 a 
o -1 0 0 
4 4 a 0 
o 0 a 0 
" 6 9 10 
o 0 1 0 
o 0 0 0 
5 4 2 2 
o 0 1 0 
a 1 2 3 
o 2 3 3 
1 0 2 12 

65 58 57 49 
o 0 S9 243 
o 0 4 4 
o 0 119 119 

10 0 0 a 
10 2 .3 6 
o 3 3 6 

Land Unit Numbers 
230 231 232 233 234 

66 11 31 11 48 
3 5 34 39 39 
o 0 800 
o 0 0 0 0 
o 0 0 a 4 
o 0 2 0 0 

10 10 0 10 6 
o 0 0 0 0 
o 0 8 0 0 
3 3 5 0 0 
00053 
22002 
3 0 0 2 a 
2 0 0 0 0 

44 44 39 61 66 
o a 0 0 0 
o 0 0 0 0 
o 0 a 0 0 
o 0 002 
7 8 502 
8 10 10 10 6 

o 0 0 0 0 0 0 
71010290 

o 0 
o 0 

10 10 

o 
a 

10 7 10 7 5 5 10 10 

235 
28 
38 
a 
a 
4 
o 
6 
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o 0 
6 10 
7 10 
4 0 
o 0 

10 10 
7 10 

3 10 2 3 4 2 0 0 0 2 a 9 10 10 10 3 0 7 10 
3 10 2 3 4 2 0 a 0 2 0 9 10 10 10 3 0 7 10 
o 0 0 0 000 000 0 a 0 0 0 0 000 
3 10 2 3 4 2 0 a 0 2 0 9 10 10 10 3 0 7 10 
3 10 2 3 4 2 0 0 a 2 a 9 10 10 10 3 Q 7 10 
0000000000000000000 
3 10 0 2 4 2 0 0 0 1 0 9 10 10 0 3 0 7 10 

20 0 0 0 0 0 0 15 10 0 0 -1 0 0 0 15 15 10 0 
11110000100 100000 11 
a 0 000 0 0 0 0 0 0 a a 0 0 000 a 
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~ote: -1 indicates no available informacion 
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Table 14. Continued. 
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o 
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a 
o 
o 
o 
o 
9 
5 
a 
o 
1 
5 

182 
o 
o 
o 
o 
o 

10 

o 
o 
2 
o 
o 
7 
4 
o 
1 
2 

15 
182 
133 

3 
26 
o 
2 
8 

158 17 9 3;' 
34 26 31 5 

18 
31 

9 10 -1 -I -1 
o 0 -1 -1 -1 
o 0 0 
000 
000 

2 
o 0 
o 0 

o 
9 
4 
1 
o 
1 
2 

182 
193 

3 
45 
o 
2 
8 

o 0 
10 10 
4 0 
1 0 

o 0 
6 8 
o 0 
o 2 

o 5 5 3 
o 1 2 0 
o 0 8 0 

99 99 90 99 
o 0 94 0 
o 0 3 0 
o 0 52 0 
o a 0 0 
1 10 10 10 
9 0 0 0 

o 10 o o o o o 
10 
9 
1 
1 
o 

o 
5 10 
5 0 

5010000 

26 
o 
o 

10 
o 
o 

10 

o 
5 
5 
o 
o 
o 

5 2 5 8 0 
o 
o 

10 
o 
o 
o 

o 
o o 0 10 0 0 0 

o 0 
o 0 
o 0 

5 10 0 a 0 10 
o 0 0 10 10 0 
a 0 a 10 10 0 
o 0 0 0 0 0 

o 
o 
o 

10 10 10 8 10 
5 8 5 8 0 
5 8 5 8 0 
o 0 0 0 0 

to 
o 
o 
o 

9 8 0 0 0 0 
2 2 1 10 10 10 
2 1 to 10 10 
o 0 0 0 0 0 

0000010100 o 
o 

5 8 5 8 o 0 0 2 10 10 
10 

10 
10 1 0 0 0 0 0 10 10 0 5 8 5 80 o 0 0 2 10 

000 0 0 0 0 0 
1 0 0 0 0 10 10 0 
o 10 10 10 10 -1 0 0 

o 
o 
o 
a 
o 

o 
5 
o 
o 
o 

o 0 
5 8 

20 20 

000000000 
o 0 0 2 2 I 10 10 10 

10 10 10 20 20 -1 -I 20 -1 
10000110 
000 0 0 000 

o 1 o 0 000 000 0 
o 0 010 2 0 0 000 

268 269 270 271 
102 49 81 81 
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a 
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-1 indicates no available information 
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Table 14. Continued. 
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159 160 170 170 166 104 104 128 127 146 146 127 128 128 128 128 180 128 127 127 
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o 
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336 337 338 339 
46 296 34 35 
14 16 22 22 
o 0 -1 0 
o 0 -1 0 
o 0 8 10 
o 0 0 0 
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Note: -1 indicates no available information 
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Table 14. Continued. 

UNIT!>l01 
C:-lrrsQMl 36 66 60 6 
UNITYPE 22 12 26 26 
COMrI~IBR 0 0 0 0 
NCOMr~1BR 0 0 0 0 
ASPEN 0 0 4 6 
MBRUSH 0 2 2 0 
SAJGR.".SS 4 6 4 0 
R1PGRASS 6 2 0 4 

CONIF 0 0 0 0 
FSOWN 0 0 1 0 
PUBOWN 0 2 3 2 
PRIVOWN 5 3 1 3 
ROADTYPE 3 3 0 0 
ROADLTH 1 1 0 0 
ROAD 1ST 145 138 145 145 
STRHLNTH 0 69 0 0 
STRMORDR 0 3 0 0 
DRANSQMI 0 13 0 0 
NOLOG 0 0 0 0 
NOFRWOOD 10 10 9 10 
NOPHOS 0 0 1 0 
NOOG 0 0 0 0 
MOCOWS 0 0 0 0 
NOSHEEP 0 0 0 0 
NOHUNT 10 10 9 10 
NOH IKE 10 10 9 10 
NOROADS 0 0 0 0 
NOSNONO 10 10 9 10 
NOORVS 10 10 9 10 
NOBUlLD 0 0 0 0 
NOFISH 10 10 9 10 
BEETKILL 0 10 10 10 
OUTCROPP 0 0 0 0 
RELIC 0 1 1 1 
MINELEV 68 67 68 68 
MAXELEV 71 70 75 73 

A third set of attributes (designated by Cl .•••• Cp in 
Equation 3) would have a common value for the entire Blackfoot River 
watershed. Since they are constants for this study, the items listed 
in Table 22 are only proposed for use in assessing the applicability 
of the relationships reported in this study to other locations and 
were not quantified. Certain regional attributes defined on Table 23 
are particularly relevant to estimation of an amount of use occurring 
in the study area (Table 22) and others are particularly relevant to 
estimation of the impact of the use that does occur on public concerns 
(Table 24). These two tables suggest relationships deserving further 
analysis. 

Spatial Patterns of Use 

The spatial patterns of the 21 uses are determined by choices 
made by users reacting to site attributes. Uses concentrate in 
favorable areas and avoid unfavorable ones. The 21 uses listed in 
Table 7 and whose estimated total magnitudes for the study area are 
enumerated in Table 9 and were disaggregated into use estimates for 
1980 for each of the 343 land planning units shown in Figure 5. The 
disaggregation methods varied from use to use as foLlows: 

67 



Table 15. Proposed reasonability attributes by use. 

Uses 

1. Commercial logging 
2. Firewood cutting 
3. Phosphate mining 
5. Cattle grazing 
6. Sheep grazing 

10. Hunting 
11. Hiking - dispersed camping 
13. Roads 
14. Snowmobiling 
15. Summer off-road vehicle use 
16. Buildings 
17. Archaeologic & historical resources 

WI. Fish habitat 
W2. Fishing 
W3. Runoff for downstream use 
W4. Quality of runoff 

Attributes 

A2 A3 A4 
A3 A4 A7 Al3 
A14 
A3 A4 
A3 A4 
A2 A4 A16 
A3 A4 AS 
A7 A16 
A3 AS Al6 
A3 AS 
AS A7 A16 
AS 

A9 Ala 
A3 A7 A9 
A3 All 
A2 A14 

Table 16. Constructed reasonability indices. 

Use 

1. Commercial logging 
2. Firewood cutting 

3. Phosphate mining 
4. Oil and gas exploration 
5. Cattle grazing 

6. Sheep grazing 

7. Deer winter feeding 

8. Elk winter feeding 
9. Moose habitat 

10. Hunting 

11. Hiking - dispersed camping 

12. Concentrated camping 
13. Roads 
14. Snowmobiling 
15. Summer off-road vehicle use 

16. Buildings 
17. Archaeologic & historical resources 

68 

Formula 

1. CONIF > 0.1 
2. ROADTYPE > a and (CONIF + 

ASPEN> 0.1 
3. OUTCROP=l 
4. NOOG < 1.0 
5. UNITYPE ~ 1 or 6 or 13 

(NONRANGE) 
6. UNITYPE + 1 or 6 or 13 

(NONRANGE) 
7. MINELEV> 65 or UNITNOI 

180, 18 C 184. 185 
8. MINELEV > 68 
9. MINELEV> 65 and (SAJGRASS 

+ RIPGRASS) < a 
10. REASDEER + REASELK + 

REASMOOSE > a 
11a. (hiking) TRAIL + 0 or 

ESTHVAL < 3 or RELIC ~ 0 
b. (disp. camping) (ASPEN + 

CONIF) > 0 and ROADTYPE ~ 0 
and STRMORDR + 0 

12. UNITNO! = 30, 188 
13. ROADTYPE + 0 
14. ROADTYPE + 0 
15. ROADTYPE + 0 or TRAIL + 0 

or (SAJGRASS + RIPGRASS) ~ 
.30 

16. SEPTIC = 1 
17. RELIC + 0 



Table 17. Iden t if ica t ion of reasonable uses by land unit. 

Land Use (Defined on Table 6) 
Unit 

1 0 0 0 
0 0 0 0 

3 1 0 0 0 
4 2 0 0 0 

5 1 1 2 0 1 1 0 0 
6 0 0 1 0 0 0 0 0 0 

7 1 0 1 2 0 1 1 1 0 0 
8 0 0 1 1 0 0 0 0 0 a 
9 a 0 1 0 0 0 0 0 0 

10 0 1 1 0 0 0 0 0 0 

11 0 0 0 0 0 0 0 0 
12 1 0 0 1 1 1 0 0 

13 1 0 0 0 
14 0 2 0 0 0 

15 0 0 0 0 0 0 0 
16 0 0 0 0 0 () 0 

17 0 0 0 0 0 0 0 0 
18 0 0 0 0 0 0 0 0 

19 0 1 0 0 0 0 0 0 
20 1 0 2 0 1 1 () 0 

21 0 0 0 0 0 0 0 
22 1 2 0 1 1 1 0 0 

23 1 0 2 0 1 1 0 0 
24 0 0 1 0 0 0 0 0 0 

25 0 1 0 0 0 0 0 0 

26 0 0 0 0 0 0 0 0 

'; --' 0 0 0 0 0 0 0 <) 

28 iJ 0 0 0 0 0 () 

29 0 1 1 0 1 0 0 0 0 
30 1 0 2 1 1 1 0 0 

31 1 0 0 1 1 I 0 0 
32 0 0 0 0 0 0 () 0 

J3 0 0 0 0 0 0 0 0 
34 I 0 0 1 1 1 0 0 

35 0 I 0 0 0 

36 I 2 0 0 0 

37 I 2 0 0 0 

38 0 2 0 0 0 

39 1 1 0 1 0 1 1 1 0 0 

40 0 0 0 1 0 0 0 0 0 0 

41 0 0 0 0 0 0 

42 0 1 0 0 0 0 

43 0 0 0 0 0 0 0 0 
44 0 0 0 0 0 0 0 0 

Use 

* - For use 11, 2 is reasunable for both hiking and dispersed camping, 1 is reasonable for one of ehe 

two, o is re~sonable for neicher. 
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Table 17. Continued. 

------.-. 
LlnJ Use (Defined on Table 6) 
Unit 

45 0 2 Q 0 0 
~6 0 2 0 0 0 

47 0 0 0 0 O· 0 0 
48 1 0 1 1 1 0 0 

49 0 0 0 0 
50 1 0 0 0 

51 0 0 1 0 0 0 0 0 0 
52 1 1 1 0 1 1 1 0 0 

53 0 0 0 0 1 0 0 0 
54 1 1 0 1 2 0 0 0 
55 0 0 0 0 0 0 0 0 
S6 0 0 0 0 0 0 0 0 

'57 n 0 0 0 0 0 0 0 0 
58 1 0 0 0 0 0 0 0 0 

59 1 2 0 1 I 0 0 
60 0 () 1 0 0 0 0 0 il 

61 n 0 0 0 0 0 0 0 0 
62 0 0 0 0 0 0 0 0 0 

63 1 0 2 0 0 0 
64 0 I 2 0 0 0 

65 0 0 0 0 0 0 0 0 
66 0 0 0 0 0 0 0 0 

67 0 0 0 0 0 0 0 0 
68 0 0 0 0 0 0 0 0 

69 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 

7 I 0 0 () 0 0 0 0 0 
72 1 0 2 0 1 1 0 0 

71 0 0 0 0 0 0 0 0 
74 1 0 0 0 0 0 0 0 0 

15 0 0 0 0 0 0 0 0 
76 0 1 0 0 0 0 0 0 

77 0 () 2 0 1 1 0 0 
78 I) 0 0 0 0 0 0 0 0 

79 0 0 0 0 0 1 1 0 0 
80 1 0 0 1 0 0 0 0 0 0 

81 1 0 1 1 1 0 (I 

82 0 0 0 0 0 0 I) 0 

83 0 0 1 0 0 0 0 0 0 
84 0 0 () 0 0 0 0 0 0 

85 1 0 0 0 0 0 0 0 0 
86 0 0 (l 0 0 0 0 0 0 0 

87 0 0 0 0 0 0 0 0 
83 1 0 0 0 0 0 I) 0 ----._--_ .. 

o - Us", is not reasonable 
J - Us'" [s rensonable 
* - for UI;" [1, L is reasonable for both hiking and dispersed camping, 1 is reasonable for one of the 

two, o is r~3sonable for neither. 
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Table 17. Continued. 

Land Use (Defined on Table 6) 
Unit 

89 
90 

91 
92 

93 
94 

95 
96 

97 
98 

99 
100 

101 
102 

103 
104 

105 
106 

107 
108 

109 
110 

III 
112 

113 
114 

liS 
116 

117 
118 

119 
120 

121 
122 

123 
124 

125 
126 

1 
o 

o 
o 

o 
o 

o 
1 

1 
o 
o 
o 

o 

o 
1 
o 

o 
1 

o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
1 

o 
o 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 

o 
o 
o 

o 
o 
o 
o 

o 0 

127 1 0 
128 0 0 

129 0 0 
130 1 1 

131 0 
132 0 
--~--~--

not 

I 
o 
o 
o 
o 
1 

o 
o 
o 
1 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
1 
o 
o 
o 
o 
o 
o 
o 
1 
o 
o 
o 
o 
o 
o 
o 

1 - Use is reasonable 

1 
1 

o 
1 

o 
o 
1 
o 
o 

o 
o 
o 
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o 
o 
1 

o 
o 
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o 
o 
o 

o 
o 
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o 
o 
o 
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1 
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o 
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o 
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1 
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o 
(l 

(l 

o 
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;. For LIS'; II, 2 is reasonable for bnth hiking and dispersed camping, 1 is reasonable for one "f ehe 
two, 0 is reasonable for neither. 
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Table 17. Continued. 

----------- ---- ---- ---------
L~nd 

Cnit 

13] 

I 

U5 
136 

137 
138 

139 
140 

141 
142 

14 J 
144 

145 
146 

147 
148 

L':'9 
150 

15 I 
152 

153 
15;\ 

155 
156 

157 
158 

159 
160 

161 
162 

163 
164 

165 
166 

167 
168 

169 
170 

171 
172 

173 
174 

17S 
176 

1 
o 

o 
1 

o 

o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
I 

o 
o 

o 
1 

I 
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o 
o 

o 
o 
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o 
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1 
o 
o 
o 

o 
1 

o 
o 
o 
o 

o - U"e L" not reasonable 
1 - Use 1" reasoneble 

1 
1 

Use (Defined on Table 6) 

o 
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* - For use II, 2 is reasunable for both hiking and dispersed camping, 1 is reasonable for one of the 
t~o, 0 is re~sonable for neither. 
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l.atlJ 
cnil 

1_· 
I! 

178 

179 
ISO 

181 
182 

181 
184 

185 
186 

187 
188 

189 
190 

I'll 
I'lL 

193 
194 

195 
196 

197 
1>18 

199 
200 

201 
202 

201 
::':04 

205 
206 

207 
208 

209 
210 

211 
212 

213 
214 

215 
216 

217 
218 

219 
no 

Table 17. Continued. 

Use (Defined on Tanle 6) 

____ -'--'-'-_ ,'-'-)t,'----"-d"'--_-,S,-,,~,----,,-DR,,-7 _-",-,ESL,,--)S MJ M * ~e 

o 
() 
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is not reasonable 
1 - U"e I" reasonable 

o 
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1 

1 . 
1 

2 
1 

1 
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o 

* - For UBl: II, 2 is reasvnable lor both hikin" and dispersed camping, 
two, 0 is reasonahle for neither. 
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Table 17. Continued. 

L.:ln,[ Use (Defined on Table 6) 
Unit 
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o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
a 
o 
o 
o 
o 
o 

il 
() 

o 
o 
() 

o 
o 
o 
o 
o 
o 
o 
a 
o 
o 
il 

o 
o 
o 
o 
o 
o 
a 
o 
o 
a 
o 
a 
o 
o 
o 
o 
o 
o 
o 
o 
a 
o 
o 
1 

a 
o 
o 
a 

* - For UH~ II, 2 ls reasonable for both hiking and dispersed camping, is reasonabl. for one Ilf the 
two, 0 is reasonable for neither. 
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Table 17. Continued. 

---==~======~============================== 
LanJ 
Unit 

~b5 

26b 

267 
268 

269 
270 

271 
2i2 

273 
274 

275 
276 

277 
278 

279 
280 

281 
282 

283 
284 

285 
~86 

287 
288 

2') 1 

293 
:294 

295 
::96 

299 
300 

301 
302 

JOl 
30 .. 

)(15 

JOb 

1 
o 
o 
1 

o 
1 

1 
o 
o 
1 

o 
o 
o 
o 
I 

o 
I 

o 

o 

o 
I 

o 
o 
o 
I 

o 
I 

o 
I 

o 
o 
o 
o 
o 
o 
o 
o 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
I 
o 

o 
o 
I 

o 
o 
o 
o 
o 
o 
O· 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
il 
o 
o 
o 
rl 
tl 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

Use (Defined on Table 6) 

1 
o 
1 
o 
o 
o 

o 

1 
o 
o 
1 

o 
1 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
I 

1 
o 
o 
I 

1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
1 

1 
o 
o 
1 

1 
1 

1 
. 1 

o 
o 
o 
o 
1 

o 
1 

1 
o 

1 
o 
o 
1 

o 
o 
1 

o 
1 

o 
1 

o 
o 
o 
o 
o 
2 

I 
2 

1 
o 

o 
o 
o 
o 
o 
o 
o 
2 

2 
1 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
1 

o 
1 

o 
1 

1 
I 

o 
o 
o 
o 
o 
o 
o 
(J 

I 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
I 

1 
o 
1 
o 

o 
1 

o 
1 

o 
1 

o 
o 
o 
o 
o 
o 
o 
o 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
1 

o 
1 
o 

I 
o 
1 
o 
o 
1 

o 
I 

o 
1 

o 
I . 

o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
1 

1 
o 

o 

1 
o 

o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
I) 

n 
o 
o 
o 
{) 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
:) 

o 
o 
o 
o 
o 
n 
o 
(1 

o 
o 
o 
o 
o 
o 
() 

o 
il 

}(\j 0 0 0 0 0 
jO" 1 0 0 - -- -,.-.---~---

o - US" is no treasonable 
1 - Use is reasonable 
* - For use II, 2 is reasonable for both hiking and dispersed camping. 1 is reasonable for one of the 

two, 0 Is reasonable for neither. 
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Table 17. Continued. 

Land 
Ln i t d: Fe 3 4 

PM OG 

J09 0 0 1 
310 1 0 1 

JIl 0 0 1 
312 0 0 1 

313 ci 
314 0 

315 1 o· 
316 0 0, 

317 0 1 () 

318 1 0 0 

319 0 
320 0 0 

321 0 0 0 
322 0 0 1 

323 0 1 
324 0 0 

325 0 0 0 
326 0 0 0 

327 0 0 0 
328 0 0 1 

329 0 0 0 
330 1 0 0 

3ll 1 0 0 
.3)2 0 1 0 

333 0 0 
33~ 0 0 

335 1 I 0 
D6 0 0 0 

3J7 0 0 0 
338 1 1 0 

339 0 1 0 
341J 0 0 0 

341 0 0 0 
342 0 0 0 

343 0 0 0 

, - ----6::' us,,--1-;;--ri-:; treasonab Ie 
1 - lbe l~ reasonable 

Use (Defined on Table 

e1 s~ 7 8 1s aU DR EL 

1 
1 0 

1 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

1 
0 

0 
0 

1 
0 0 

0 0 
1 

0 

0 
1 

6) 
11* 12 ~ M 15 16 17 He ee OR BO AM 

1 0 0 0 0 0 0 
1 0 1 1 1 0 0 

1 0 0 0 0 0 0 
1 0 0 0 0 0 0 

2 0 1 0 0 
1 0 1 0 0 

0 0 0 
0 0 0 

0 0 1 1 1 0 0 
1 0 0 0 0 0 0 

2 0 1 1 1 0 0 
1 0 0 0 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
1 0 0 0 0 0 0 

1 0 0 0 
1 0 0 0 

1 0 1 0 0 
0 0 0 0 0 0 0 

1 0 1 0 0 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
1 0 1 1 1 0 0 

0 0 0 0 0 
0 0 0 0 0 

0 0 1 ' 0 () 

0 0 1 0 0 

0 0 0 0 
0 0 0 0 

0 0 0 0 
0 0 0 0 

0 1 1 1 0 
0 0 0 0 0 

0 0 0 0 0 

* - for use 11, 2 is reasonable for both hiking and dispersed camping, 1 is reasonable for one of the 
two, 0 is reasonable for neither. 
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Table 18. Definition of additional indicators for estimating use 
intensity (Equation 5). 

Attribute Mnemonic Units 

~l FSREST Fifths 

B2 FSFEE Fifths 

B3 FSFREE Fifths 

B4 PASTCUTS ~ercent 

B5 MAINRTE 

B6 SODADIST Miles 

B7 DEERVIEW # Deer 

B8 ELKVIEW # Elk 

B9 MOOSVIEW # Moose 

Definition and Measurement Method 

Fifths of area in which firewood 
cutting is restricted 

Fifths of area in which a fee is 
charged for firewood cutting 

Fifths of area in which firewood 
cutting ~s free 

Percent of area which has 
apparently been logged 

Location on main through route. 
Areas that contain the main 
through route were either marked 
(1) for the road from Wayan to 
the narrows or (2) for the road 
from the south end of study area 
to the narrows, or (7) on the 
narrows road, including the con­
fluence of roads 1 and 2. Other 
areas were marked either 3 (low 
land), 4( canyon), 5 (ridges), 
or 6 (other upland types). Low 
land includes Mountain Valley 
Bottom types (land types 01-06). 
Canyons included canyonland types 
(land types 18-21). Ridges ~n­
eluded both Ridgeland (land types 
(07-09) and escarpments (land type 
38-39). Other upland types, ~n­

eluded higher elevation areas or 
steeper sloped areas such as in 
side slopes (land types 24-35) 
and mountain slopes 36 and 37, 
and unstable scarp dip at upland 
(14-17). 

For land units with roads, the 
distance in miles from highest quality 
road in the unit to Soda Springs. 

Sitings of deer from Idaho Dept. of 
Fish and Game aerial survey. 

Sitings of elk from Idaho Dept. of 
Fish and Game aerial survey. 

Sitings of moose from Idaho Dept. of 
Fish and Game aerial survey. 
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Table 18. Continued. 

Attrib~te Mnemonic 

B10 ANGDAYS 

Bll TRAILMI 
Bl2 ESTHVAL 

B13 LANDEXP 

B14 LANDOM 

Bl5 LANDVIEW 

B16 FISHCOVR 

Units 

Angler 
Days 

Miles 

Definition and Measurement Method 

Allocated angler days from Idaho Dept. 
of Fish and Game survey and fishing 
disaggregation formula. 

Miles of mapped trails in land unit. 
Aesthetic quality of site, a 

function of visual variety, 
using DCPU Aesthetic Values map: 
I = distinctive, 2 = common, 3 = 
minimal. 

Land unit exposure, in degrees on 
a circle of 2 miles radius 
from unit centroid from which 
the (barren) centroid can be 
seen. The centroid was judged 
not visible if it failed the 
"rule of 1/4's:" 1) subtract 
centroid elevation from radius 
elevation and divided by 4, 2) 
subdivide radius into fourths, 
3) if the elevation difference 
between the radius and any 1/4 
radius exceeds 

then it fails the rule (view is 
obstructed). 

Land unit dominance, in miles of 
gravel road from which unit 
centroid is visible. Centroid 
is not visible if a) the road 
is tree-lined, or b) if the 
vector from the road to unit 
centroid fails the rule of 1/4's 

Landscape view, in degrees within 
a circle of 2 miles radius 
where elevations of 8,000 ft 
or more are visible from the 
unit centroid. 

Protective cover for fish. 
Fraction of length with over­
hanging vegetation or snags. 
(Summer site visit.) 
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Table lB. Continued. 

Attribute Mnemonic 

Bl7 SUBSTRT 

BIB SILTED 

BI9 POOL 

B20 RUN 

B2I RIFFLE 

B22 SPRTFISH 

B23 WILLOW 

B24 AUMS 

B25 SEPTIC 

Units 

Percent 

Percent 

Percent 

Percent 

Definition and Measurement Method 

Predominant 
cobble, 3 
l=silt. 
with .5, 

sub s t rat e • 4 = 
= gravel, 2 = sand, 
Mixed S1ze is coded 

Degree to which siltation 1S apparent 
heavy siltation=3, medium siltation= 
2, light or negligible=l (Q=no third 
order stream), 

Percent of third order and higher 
stream reach in pools 

Percent of third order and higher 
stream reach 1n run (relatively 
smooth, medium velocity surface 
flow) • 

Percent of third order and higher 
stream reach in ripple (ripples and 
relatively high velocity broken 
flow) . 

Volume of water sufficient to support 
adult fish (l=sufficient, O=not 
sufficient. 

Percent of streambank length for 
third order or higher streams 
in riparian willow 

Cattle animal unit months of 
available feed 

Access to safe drinking water, 
soil suitable for septic tank. 
Q = neither, I = borderline 
on at least one, 2 = both ok 
(see A2) 
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Table 19. Measurements of second level indicators by land units. 

UNlTNOI 
f'SREST 
FSFEE 
f'SFREE 
PASTCUTS 
HAINRTE 
S()OAllIST 
DEERVIEW 
ELKVn;W 
!i()OSEVIEW 
ANGllAYS 
1'IlAILMI 
ESTHVAL 
LANllEXP 
1.ANIlOM 
I.ANIlVIEW 
FlSIICOVR 
SUBSTRT 
SI!.Tlm 
POOL 
RUN 
RIFFLE 
SI'R'I'nSII 
WILI.IlW 
1I1IMS 
SEVTIG 

1 
o 
5 
o 
o 

2 3 
o 0 
:; 5 
o 0 
o 0 

o 0 Q 
50 50 50 

o 
o 0 0 
000 
o 0 0 
o 50 20 

o o 

I 1 I 
o 0 
o 0 

o 
o 

45678 
o 0 000 
5 5 5 5 5 
o 0 0 0 0 
o 0 0 0 0 
o 0 0 0 0 

40 60 40 40 40 
o 0 0 0 0 
o 0 0 0 0 
00000 

10 10 0 0 0 
70 0 0 0 0 

1 I 1 I I 
o 0 0 0 0 
o . 0 0 0 0 

o 
o 
o 
o 
o 
u 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 

o 0 73 40 0 0 

241 166 
2 

o 75 75 0 50 0 
o 10 10 0 30 0 
o 3 3 0 I 0 
080800500 

10 10 0 0 0 o 
o 
o 
o 

102 
2 

10 10 0 50 0 
t 1 0 0 0 
I I 0 I 0 

74 428 402 8 241 
2 2 2 2 2 

9 
o 
5 
o 

Land Unit Numbers 

10 11 
o 0 
5 5 
o 0 

12 
o 
5 

n 14 15 16 17 18 19 20 21 22 23 24 
00000 000 0 0 0 0 
555555555555 

o 0 0 0 0 0 0 0 0 000 0 
o 0 0 
000 

o 0 0 0 0 0 0 0 0 0 50 50 0 
000 0 0 0 0 0 0 0 00' 0 

40 40 40 
o 

30 20 80 30 30 40 20 20 20 30 10 10 0 

o 
o 
o 
o 
I 
o 
o 

360 
o 
o 
o 
o 
o 
o 
o 
o 

31 
2 

o 
o 
o 

o 
o 

o o 0 
000 

o 0 0 0 
o 0 0 0 0 

o 
o 
o 
o 

o 
o 
o 
o 
o 
I 
o 
o 

o 0 0 0 50 40 
I 2 2 I I 2 
o 0 0 0 0 0 
o 25 2) 25 0 0 

360 55 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 

113 38 
2 

43 47 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o a 
o 0 

11 697 
2 2 

o 160 
60 0 
30 

2 
40 
o 

60 
o 

o 
o 
o 
o 
lJ 
o 

I, 0 
6 471 
2 2 

228 
o 
o 
O. 
o 
o 
o 
o 
o 

195 
2 

o 0 
o 0 
o 0 
o 0 
o 0 
2 2 
o 0 
o 0 

360 76 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 

116 550 
2 2 

o 0 0 o o 0 
000 
000 
000 
o 20 70 

o 0 0 
o 0 0 
000 
a 30 O· 
222 
000 

25 25 25 

2 2 2 
o a 0 

125 a 0 
25 
o 
o 
o 
o 
o 
o 
o 
o 

o 174 0 0 o 
o 

316 
2 

75 
25 

2 
35 

5 
60 
o 
2 

175 
2 

o 90 50 
o 30 
o 2 
o 20 
o 0 
o 80 

. 0 0 
o 2 

107 561 
2 

30 0 
3 0 

50 0 
50 0 
a 0 
o 0 
2 0 

11,0 126 
2 

-----~------

------- --- Land Unit Number-a 

liN I1'NOI 
I'SRESi 
I'SI'EF. 
FSFREE 
PA ,'I'CU'I' S 
HATNR'I'E 
SOIlAOISi 
LJEl::RVlEW 
ELKVIEW 
ffOllSEVl r:W 
AN(;IlAYS 
TIlAI!.HI 
ESTUVAL 
LANIlE)([' 
l.ANIJOH 
I.ANIlVIEW 
f 1 SIICllVR 
SlIIIS'!'!!'!' 
SILTEIl 
POOL 

RUN 
lUFF!.': 
SPI('!'FISH 
IHI.I.OW 
AlIMS 
SEPTIC 

]7 38 39 40 41 42 4] 
o 0 0 0 000 
555 5 5 5 5 
o 0 0 0 0 0 0 

50 0 50 0 0 0 50 
o 0 0 0 0 0 0 
o 0 0 10 0 90 90 
000 0 0 0 0 
o 0 0 0 0 
o 0 0 0 0 
o 0 0 0 1]0 
o 80 0 0 0 
2 2 222 
o 0 0 0 0 

50 175 1 25 200 
o 0 0 0 0 

90 7S 0 0 60 
]0 ]0 0 0 ]0 
200 I 

50 45 0 0 20 
o 5 0 0 0 

50 SO 0 0 80 
o 0 0 0 1 

o 
o 
o 
o 
2 
o 

100 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 

130 
o 
2 
o 

175 
o 

70 
35 

I 
45 
o 

55 
I 

44 45 46 
o 0 0 
555 
o 0 0 

30 50 0 
000 

1,0 0 20 
000 
o 0 0 
o a j 

C 0 150 
40 0 60 

2 2 2 
o 0 0 
o 250 0 
o 0 273 
o 70 60 
o 20 35 
o ] I 
o 20 20 
o 0 0 
o 80 80 
000 

1,7 46 
o 0 
5 5 
o 0 
o 0 
o o 

20 30 
o 0 
o a 
o 0 
o 0 

]0 80 
2 2 
o 0 
o 0 

51 262 
o o 
o 
o 
o 
o 
o 
o 

[] 

o 
o 

1 " 009 8 5 01 2 0 

o 
o 
o 
o 

249 179 292 44 377 
2 2 222 

531 49 69 IS J05 44 
222·222 

165 
2 

49 50 
o 0 
5 5 
o 0 
o 0 
o 0 

]0 30 
o 0 
o 0 
o a 
o 0 
o 40 
2 2 
o 0 
o 

·l6O 

o 
o 
[] 

o 
o 
o 
o 
o 

o 
360 

a 
o 
o 
o 
o 
o 
o 
o 

51 52 
o 5 
5 () 
o 0 
o 50 
o 0 

20 90 
o 0 
o 0 
o 2 
o 0 

80 20 
2 2 
o 0 
o 1/,0 

31B 0 
o 0 
o 0 
o 0 
o 
o 
() 

o 
l) 

o 
o 
o 
o 
2 

53 54 
o 0 
5 5 
o 0 

50 50 
o 0 
o 0 
o 0 
o 0 
o I 
o 320 

10 10 
2 2 
o 0 

80 80 

55 
o 
5 
o 
o 
o 

90 
o 
o 
o 

240 
o 
2 
o 
o 

56 57 
o 0 
5 5 
o 0 
o 0 
o 0 

90 0 
o 0 
o 0 
o 0 
o 0 
o 40 
2 2 

o o 
o o 

21, 0 0 73 300 
o 
o 
o 
o 

o 90 70 0 
o 10 35 0 
o 3 I 0 
o 95 45 0 
o 0 0 
o 5 55 
o I I 
o 4 I 

o 
o 
o 
o 

o 
o 
o 
o 

101 278 144 350 140 670 16 
2 

217 
2 

326 
2 2 2 2 2 2 2 

58 59 60 
000 
5 5 5 
000 
o 50 50 
o 0 0 

10 90 0 
o 0 0 
o 0 0 
o 0 0 
o 0 0 

20 10 10 
2 2 2 
o 0 0 
o 75 0 

360 0 ]0 
o 99 99 
o 30 30 
o 3 3 
o 0 0 

000 
o 99 99 
000 
o I I 

392 289 767 
2 2 

25 26 27 28 29 30 31 32 33 34 35 lh 
o 0 0 0 0 0 0 0 0 000 
55555555555 'i 

o o 0 0 0 0 0 0 0 0 a 0 
o 0 0 0 0 0 0 0 0 50 0 0 
o 0 0 0 0 0 0 0 0 000 

m m m m WOW W W W m W 
o 
o 
1 
o 

so 
2 
o 
o 

318 
o 
a 
o 
o 
o 
o 
o 

o 000 0 0 0 0 0 0 o 
o o 0 000 000 0 0 

o 0 0 0 0 0 0 0 0 0 o 
o o 0 0 0 0 0 000 0 

o 20 ]0 80 0 40 0 0 10 
222222222 

10 
2 

to 
2 

o 0 000 000 0 
o 0 0 0 0 0 0 0 0 

360 
o 
o 
o 
o 
o 
o 
o 

90 0 0 3&0 280 0 360 
o 0 80 0 0 90 0 
o 0 30 0 0 35 0 

o 3 0 0 
o o 60 

o 0 
o 40 
o 0 

I 
o 10 
o 0 
o 90 

o 
o 
o 

o 
o 
o 
o 
o 

o 
o 

o 
o 

360 26 
o 90 
o ]0 

o 1 
o 20 
o 0 
o 80 
o 0 

o 0 
&5 50 

360 
o 
o 
o 
o 
o 
o 
o 
o 

110 
2 

o 
o 
o 
o 
o 
o 

346 
I 1 0 0 

514 467 289 164 

o 0 
o 

188 
2 

o 0 
211 612 960 

2 2 2 2 2 2 2 2 

61 
o 
5 
o 
o 
o 

62 63 64 65 66 67 
o 0 000 0 

68 69 70 71 72 

80 
o 
o 
o 
o 

80 
2 
o 
o 

360 
o 
o 
o 
o 

5 5 5 5 5 5 
o 0 0 0 0 0 
o 0 0 90 50 0 
000 0 0 0 
o 80 0 80 80 90 
o 0 0 0 0 0 
o 0 0 000 
o 0 1 000 
0,790280 0 0 0 

30 60 10 10 60 80 
2 2 2 2 2 2 

o 0 0 
5 5 5 
000 
o 0 0 
o 0 0 

30 90 90 
o o 0 
o 
a 
o 

30 
2 
o 

o 0 
o 0 
o () 

50 l,O 
2 2 
o 0 o 0 0 0 0 0 

o 50 200 I o 0 o () 
)60 360 

o 0 
o 0 0 0 
o 75 75 0 
o 30 30 0 
o 2 2 0 
o 50 50 

21 ]60 
o 0 
o 0 
o 0 
o 0 

o 
o 

o 
o 
o 

o 0 0 0 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 0 
o 
o 
o 
o 
o 

o 
o o 0 50 50 

o 0 I 1 
o 0 2 6 

o 0 
o 0 o 

o 

o 0 
5 5 
o 0 
o 0 
0' 0 

80 90 
o 0 
o 0 
o I 
o 0 

10 SO 
2 2 
o 
o 
() 

I) 

o 
o 

() -1 
() l'i 
o 9 
o 
o -I 
o 
o 
I (l 

48 128 569 62 
222 

140 
2 

148 
2 

o 0 
98 47 177 

o 
71 ) I 94 

2 2 2 2 2 2 
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Table 19. Continued. 

Land Unit Numbers 

UNITNOI 
FSRKST 
FSn:E 
FSFREE 
PASTCHTS 
HArN~TE 

SOOADIST 
DEERVIEW 
ELKVIEW 
MOQSEVIEW 
ANGOAYS 
TRAII.HI 
ESTHVAL 
I.ANDEKI' 
LANllOH 
LAtmVIEW 
fl$IICOVR 
SlIBSnrr 
S lI.n:D 
1'001. 
RUN 
HIFFI.E 
SI'KTFl 511 
>11 Ll.OW 
AlitiS 
SEPTIC 

73 74 75 76 77 78 79 80 81 
o 0 0 000 0 0 0 
5 555 5 5 555 
o 0 0 0 0 0 000 
o SO 0 0 0 0 0 0 0 
000 000 000 
o 80 90 30 80 80 0 90 70 
o 0 0 0 0 0 000 
o 0 0 000 000 
00000 300 1 
000 0 0 0 0 0 0 
o 30 70 0 30 40 0 30 70 
2 2 2 2 2 2 2 2 2 
o 0 0 0 0 0 0 0 15 

82 83 84 85 86 
o 0 0 0 0 
55555 
o 0 0 0 0 
o 0 0 0 0 
o 0 0 0 0 
o 80 60 70 70 
o 0 0 0 0 
o 0 0 0 0 
o 0 2 0 0 
o 0 0 0 0 

10 30 10 0 0 
2 2 222 
o 60 0 0 0 
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Table ZO. Land unit attributes proposed for forecasting use intensity 
(Equation 5). 

Uses 

1. Commerc a 
2. Firewood cutting 

3. Phosphate mining 
4. Oil and gas exploration 
5. Cattle grazing 
6. Sheep grazing 
7. Deer habitat 
8. Elk habitat 
9. Moose habitat 

10. Hunting 
11. Hiking - dispersed camping 

12. Concentrated camping 
13. Roads 

14. Snowmobiling 

15. Summer off-road vehicle use 

16. Buildings 

17. Archaeologic & historical resources 

WI. Fish habitat 

W2. Fishing 

W3. Runoff for downstream use 
W4. Quality of runoff 

AttrIbutes 

A3 B4 
Al3 A7 A4 BI B2 

B3 
A14 (AI7-A16) (AI7+AI6)/2 AIZ 
A12 
A2 A3 (AI7-A16) A4 AIZ BZ4 
A2 A3 A4 AIZ B24 
(A17+A16)/2 A3 
(A17+AI6)/2 A3 
A2 A3 
A2 (A17+A16)/Z AlZ B7 
A3 A4 A7 (A17-AI6) BI5 Bl2 

BI8 Al2 BII 
A2 A3 A4 A7 Bl2 B15 
A4 A7 (A17-AI6)(AI7+A16)/2 BS 

Bl5 
A2 A3 A4 A7 (A17+A16)/2 (AI7-

A16) Al2 
A2 A3 A4 (A17+A16)/2 (A17-AI6) 

Al2 
A2 A4 A7 B25 (AI7+A16)/2 -(A17-

A16) Al2 Bl2 BI5 
BI2 BIS AIS 

A9 AlO All Bl6 Bl7 BIS Bl9 
B20 B21 B22 B23 

A4 A7 AS A9 Bl7 Bl9 Al2 BlO 
B22 

A2 A3 (AI7+A16)/2 
A2 A3 A14 

Table Z1. Land unit attributes proposed for forecasting public 
impact (Equation 6). 

Uses 

1. Commercial logging 
Z. Firewood cutting 
3. Phosphate mining 
4. Oil and gas exploration 
5. Cattle grazing 
6. Sheep grazing 

13. Roads 
15. Summer off-road vehicle use 
16. Buildings 
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Attributes 

B18 BI3 B14 A2 
A13 B13 
Bl8 B13 B14 A2 
A2 
A2 
A2 
B5 
A2 
B14 



Table 22. Suggested attributes pertaining to the study area as a whole. 

Attribute Characteristic Measured and Measurement Method 

Cl General profitability of lumbering, price of lumber of the 
sort produced in the watershed. 

C2 Distance from sawmill (Afton, Wyoming; Montpelier, Soda 
Springs and Pocatello, Idaho). 

C3 Total local lumber available. 

C4 Local economic impact of logging as determined by an economic 
multiplier. 

CS Need of region for economic stimulation (current 
unemployment rate). 

C6 

C7 

CB 

C9 

CIa 

CII 

Cl2 

Cl3 

C14 

CIS 

Size of local lumber industry. Percentage of county employ­
ment in wood products industry. 

Population pressure demand for recreation activity as esti­
mated by a gravity model (EP/dn ). 

General profitability of firewood cutting. Price of 
firewood per cord: $60.00 unsplit and delivered, $80.00 
split and delivered. 

Price of competing 
fuel type in area. 
$1.18 x 10-3/Btu. 
$0.73 x 10-3/Btu. 

fuels. Price per BTu of predominate 
City of Soda Springs (elect~ic): 

Utah Power and Light (electric): 
Intermountain Fuel (gas): $5.4 x 10-4/Btu. 

Priority of national goal to use domestic energy sources. 
Percentage of fuel needs being imported. 

General profitability of phosphate. Sale price of product 
phosphate' and any associated by-products. 

General cost of phosphate processing including pollution 
control at the plant. 

General cost of phosphate mLnLng including cost of restoring 
mined areas to meet environmental standards. 

Local economic impact of phosphate mining as determined by 
an economic multiplier. 

Size of local phosphate industry. Percentage of county 
employment in phosphate mining industry. 
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Table 22. Continued. 

Attribute Characteristic Measured and Measurement Method 

CI6 Percentage of national phosphate needs imported. 

Cl7 

CI8 

Cl9 

C20 

C21 

C22 

C23 

C24 

C25 

C26 

C27 

C28 

C29 

C30 

C31 

C32 

General profitability of oil and gas development. Price 
of imported oil per barrel. 

General cost of oil refining. Cost of refining the type of 
oil found in this area. 

General cost of oil and gas exploration. Average cost of 
restoring exploration sites to meet environmental standards. 

General profitability of cattle ranching. Price of beef. 

Access to good range in the area. 

Competitive position of cattle ranching in this area. 
Percentage of annual feed requirements grown locally. 

Local economic impact of ranching. Ranching economic 
multiplier. 

Importance of ranching to local economy. Percentage of 
county employment in ranching. 

General profitability of sheep herding. Price of wool. 

Access to good sheep grazing in the area. 

Prevalence of good winter big game habitat at lower eleva­
tions. 

Ecological balance for deer population. Current area 
deer population divided by popUlation in an ecologically 
balanced situation. 

Importance to public of maintaining a deer population. 

Importance to public of elk. Statistics on number of vis tors 
who come to see elk. 

Importance to public of moose. 

Local economic impact of people coming to see wildlife as 
determined by an economic multiplier. 
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Table 23. Proposed regional attributes for forecasting use intensity 
(gu function). 

Uses Attributes 

l. Commercial logging Cl C2 C3 
2. Firewood cutting C7 e8 C9 C43 
3. Phosphate mining Cll C12 CI3 
4. Oil and gas exploration e17 C18 CI9 
5. Cattle grazing C20 e2l C22 
6. Sheep grazing e25 C26 
7. Deer habitat e27 
8. Elk habitat C27 
9. Moose habitat C27 

10. Hunting C27 C7 C43 
11. Hiking - dispersed camping C7 C35 C36 C43 
12. Concentrated camping C7 C35 C37 C43 
13. Roads C40 
14. Snowmobi ling C41 C35 C7 C43 
15. Summer off-road vehicle use C42 C7 C43 
16. Buildings C4S C46 C3S 
17. Archaeologic & historical resources C35 C7 C43 

WI. Fish habitat 
W2. Fishing C7 C43 
W3. Runoff for downstream use CSl 
W4. Quality of runoff 

Table 24. Proposed regional attributes for forecasting public 
impact (hu function), 

Uses Attributes 

1. Commerc~al logging C4 C5 C6 
2. Firewood cutting CIa 
3. Phosphate mining C14 C5 CIS C16 
4. Oil and gas exploration CIO 
5. Cattle grazing C23 C24 
6. Sheep grazing C23 
7. Deer habitat C28 C29 
8. Elk habitat C30 
9. Moose habitat C31 C32 

10. Hunt ing C32 
11. Hiking - dispersed camping C32 
12. Concentrated camping C32 C38 
13. Roads C39 
14. Snowmobiling C32 
15. Summer off-road vehicle use C32 C44 
16. Buildings C47 
17. Archaeologic & historical resources C32 

WI. Fish habitat C48 C49 
W2. Fishing C32 
W3. Runoff for downstream use C50 
W4. Quality of runoff e52 
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1. Commercial logging 

Estimates of the amount of timber harvested in 1980 were based on 
records of past timber sales and plans for future sales as obtained from 
the Forest Service. Over the past eight years, the harvest has averaged 
about 2,500 MBF. For grouping harvests according to sales, commercial 
logging was taken as a 0-1 variable according to whether a harvest was 
sequenced next in the Forest Service 5-year plan. Two sites were 
evaluated as possibilities for being next. One was the timber that 
would be harvested with the opening of the Diamond Creek mine. The 
other was the Smoky Canyon sale area as shown on the Forest Service 
timber harvest planning map. For these two areas, the harvest by 
land unit was calculated (but not used in the optimization model except 
for firewood as described below) as follows: 

a. The sale area was estimated from the Forest Service map 
digitizer. 

b." By assuming uniform distribution of the timber over a sale 
area, the total timber volume was divided by the area to give MBF per 
acre. 

c. The portion of each land unit (Figure 6) in the sale area was 
estimated (in tenths). 

d. The portion was multiplied by the land unit area and the 
average MBF/acre to estimate the harvest from the land unit. 

2. Firewood cutting 

Firewood cutting was allocated according to the amount of material 
present, physical access, and legal access. An index combining these 
indicators was used as follows to allocate cutting among study area 
units: 

a. Material present. The availability of wood for the cutting was 
estimated from three variables: vegetative cover, beetle kill, and 
commercial logging. From assumptions on representative tree size, 
stand density, and percentage of dead trees, the estimates of material 
availability were 

74.31 cords/conifer acre x 5% dead = 3.72 c/CA 

57.29 cords/aspen acre x 10% dead = 5.73 c/AA 

74.31 cords/beetle kill acre 

1.0 cord/MBF commercial harvest 

b. Physical access was represented by an index constructed to 
first increase and then decrease as the density of roads increased. 

P 
a 

RDMI/SQMI _ ( RDMI/SQMI ) 2 
4 8 
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c. Legal acceS$ to firewood was "designated by a binary variable 
taken as a on private property, active mines, and areas where vehicle 
use is restricted. 

d. Combining these three factors, the unit use index is 

12,i = ([«UN1TS1ZE * % CON1F) - (UNITSIZE * % BEETK1LL)/lOO) 

* CORD/CONIFACRE + (UNITS1ZE * % BEETKILL/IOO 

* CORD/BEETACRE) + (UNITSIZE * % ASP/laO * CORD/ASPACRE)] 

* (100 - % RESTRICT/100) * [RDMI{SQMI - (RDMI~SQMI) 2 ] 

+ (SALEBDFT/I,OOO * UNITSIZE IN/SALESIZE) 

The total firewood cutting was allocated proportional to this 
index. 

3. Phosphate mining 

(9) 

Mine lease areas, acres disturbed, and pit boundaries were taken 
from the phosphate EIS and the Greiner Inc. impact study for the 
six operating or scheduled mines wholly or partially in the study 
area. The projected ore extraction over the mine life was divided by 
the pit size for average tons/pit acre. This was multiplied by the 
acres of pit in a unit to estimate tons per!unit as illustrated for the 
Diamond Creek Mine in Table 25. 

4. Oil and gas exploration 

The two exploratory holes drilled in 1980 were in land units 
292 and 337. 

5. Cattle grazing 

The distribution of cattle grazing within areas where cattle 
are allowed to graze was assumed to be proportional to range productivity 
estimated in dry weight of annual forage production from information in 
Table 3. The division of the study area between cattle and sheep 
allotments is shown on Figure 7. Annual dry weights per unit area were 
taken as 2,500 for VH, 1,500 for H, 750 for M, 375 for L, and 150 for 
VL. First, potential productivity was estimated as Pi, the annual 
production potential of unit i in pounds per acre. Each Pi was 
calculated by multiplying the above dry weight by the area of the unit 
and dividing the dry weight of one AUM. The maximum grazing alloca-
tion (all animals) for a unit was taken as 0.6 Pi based on an assumption 
that no more than 60 percent of the dry weight of forage produced should 
be consumed to maintain healthy range conditions. 

The Forest Service data on cattle grazing provided total AUMs 
for large "allotments" only part ly wi thin the boundaries of the Upper 
Blackfoot study area. Allotment AUMs were assigned to the study area 
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Table 25. Estimated phosphate production from the Diamond Creek Mine. 

AVERAGE LAND MINE 
PIT SIZE TONS/ ACRE UNITS ACRES TONS/UNIT 

400 ac 143,750 101 24 3.45 x 106 

117 2 0.29 x 106 

119 70 10.06 x 106 

120 36 5.17 x 106 

125 26 3.73 x 106 

126 159 22.86 x 106 

152 23 3.31 x 106 

153 58 8.34 x 106 

proportional to the fraction of the allotment area within the study area 
based on the assumption that average range conditions prevail over large 
areas. AUMs were assigned to land units within the study area propor­
tional to land unit range productivity (the product of Pi and area)~ 

6. Sheep grazing 

Sheep grazing was distributed over the land units by the method 
described above for cattle with the same estimates of range productivity 
but different designated allotment areas. 

7. Deer winter feeding 

The index originalLy proposed for allocating big game grazing 
among land units had of the form: 

where 

p. 
~ 

= grazing by species k in unit i 

= AUM production potential of unit i 

= average elevation of unit i 

preference of species k for vegetation growing in 

(0) 

unit i and defined by summing species preferences over the 
six vegetation types used in this study with the formula 

6 
V

k 
. 

,1. 
l: w

k 
. T. . 

'I ,J J,1. J= 

(11) 
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where 

= weighted preference of species k importance for 
vegetation type j 

tj,i = fraction of unit i in vegetation type j 

Data on the locations of b game sitings (Table 10) were 
analyzed in an attempt to estimate bl, b2, and b3. The 
information proved insufficient to be conclusive, but vegetation 
preference appeared to be the dominant factor. Consequently, 
bl and b2 were taken as zero, and b3 was taken as unity. 

The vegetation weightings estimated from the siting data were as 
shown on Table 26. 

The species grazing preference index was used to allocate range 
forage residual to cattle and sheep use. The residual amounts could 
also be checked for sufficiency in supporting current game populations. 
Deer grazing totals from the Wildlife Survey were distributed over the 
land units proportional to the values computed for Ik i from Equation 
10. ' 

8. Elk winter feeding 

Elk feeding was distributed among land units using the coefficients 
shown in Table 26 to compute the Ik,i. Elk are shown to feed relative­
ly more on grass and less on brush than do deer. 

9. Moose habitat 

Moose feeding was also distributed among land units by the same 
procedure. Moose were generally found among the trees and may feed 
largely on willow. 

10. Hunting 

The Forest Service estimated hunting for 1980 for the north-
ern portion of the study area (890 hunter days in units 205 through 
343), the southern portion east of Diamond Creek (2000 hunter days), and 
the southern portion west of Diamond Creek (1020 hunter days), These 
hunter days were disaggregated to land units proportional to a weighting 
index, based on unit size, use restrictions, maximum elevation, and unit 
type, and having the form: 

IlO,i 
(unit mi 2) (%not restricted)'[C-16,000 (max. elv.) -0.1 + (type)] 

base area 

(12) 

The rationale for the functional form combined the concepts: 

a. Size - the larger the unit, the more hunting. 

b. Restriction - the fewer the restrictions, the more hunting, 

c. Elevation - the higher the elevation, the less the hunting. 
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Table 26. Species preferences of vegetation types. 

Vegetation Species 
Type Deer Elk Moose 

CONF 0.278 0.335 0.629 
ASPEN 0.181 0.278 0.223 
MBRUSH 0.357 0.102 0.063 
SAJGR 0.062 0.054 0.007 
RIPGR 0.000 0.147 0.000 
WILLOW 0.122 0.084 0.077 

d. Land types - some land types are better hunting areas than 
others due to better accessibility and habitat. Land types (defined on 
Table 3) were weighted from these considerations as follows: 

Number 

1-3, 18-21, 38-40 
14-17, 36-37 
10-13, 22, 23 
7-9, 25-35 

Weight 

0.0 
0.3 
0.5 
1.0 

11. Hiking - dispersed camping 

Hiking in a unit was estimated as proportional to a use index 
calculated from road type, aesthetic attractiveness, restrictions, 
stream presence, vegetation, elevation, and ownership: 

where 

Ill,i = Total DC&H days 

* (SQMI/160) * AESTHETICS * RESTRICT * ROADTYPE * 

STREAMPRES * AV ELEV. * VEG * OWNERSHIP 

SQMI/160 = proportion of study area 1n unit 

AESTHETICS = 1.0, 0.5, or 0.05 if the highest Forest Service 
aesthetic class is 1 (distinctive). 2 (average), or 3 
(minimal), respectively 

RESTRICT fraction of area restricted to hiking 

ROAD TYPE = 0.01 if road type is paved or none and there are no 
trails 

0.11 if road type 1S paved or none and there are 
trails 
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STREAMPRES 

AV ELEV. 

VEGETATION 

OWNERSHIP 

= 0.75 if road type ~s gravel and there are no trails 

= 0.85 if road type 1S gravel and there are trails 

0.90 if road type is dirt and there are 
no trails 

1.0 if road type ~s graded dirt and there are 

= 0.5 if road type is four wheel drive dirt and 
are no trails 

= 0.6 if road type is four wheel drive dirt and 
are trails 

1.0 ifa third or higher order stream 1S 

present, and 0.5 otherwise 

= 1.0 if the unit average equals the study area 
average (7,475 feet) and declines toward 0.25 
as the unit average diverges from the area 
average 

= 0.9 if r~par~an grass is dominant 

= 0.8 if aspen ~s dominant 

0.5 if conifer ~s dominant 

= 0.1 if sage and grass are dominant 

0.01 if mountain brush or willow is dominant 

proportion of unit publicly owned 

trails 

there 

there 

12. Concentrated camping 

The Forest Service reports campground use for the two developed 
sites. Estimates, however, are subject to s ificant error and probably 
on the high side. 

13. Roads 

Maps showing road locations were directly used to assign road 
lengths by types to land units. 

14. Snowmobiling 

The index hypothesized for allocating snowmobiling among land units 
judged the primary factors to be the presence of trails and roads, 
distance to the Narrows, aesthetic class, elevation, and restrictions. 
Spec ifically: 

Il4,i = Total snowmobile days * (1 - % restricted/lOa) 

* ROAD TYPE * ROAD DISTANCE * AESTHETIC VALUE 

* (Maximum elevation/IOO) 
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Road type indicators were 1.0 for paved, 0.8 for gravel, 0.4 for 
dirt (passenger), 0.25 for dirt (four wheel drive), 0.2 for trail, and 0 
for none. Road distance indicators ranged between a and 1.0, with 
minimum values assigned to units very close or very far from the Narrows. 
The aesthetic value indicator was taken as 1.0 for distinctive, 0.66 for 
common, and 0.33 for minimal. The elevation indicator suggests that 
snowmobilers prefer the better views from higher elevations other 
factors being equal. 

15. Summer ORV 

The index used to allocate ORV use was based on area, road type, 
use restrictions, aesthetic class, and elevation. Specifically, 

Il5,i = Total ORV days * (area/160) * ROAD TYPE (1 -

% restricted/lOa) * AESTHETIC CLASS * ELEVATION 

Road type was assigned 0.0 for paved, 0.5 for gravel, 0.75 for 
dirt (passenger), 1.0 for dirt (four wheel drive), 1.0 for trail, 

(15) 

and a for none. Aesthetic class was assigned 1.0 for distinctive, 0.75 
for common, 'and 0.50 for minimal. Elevation was assigned a value 
between 1.0 and 0.75 based on a comparison of a unit's elevation with 
that of the study area as a whole. Units with average elevation less 
than or equal to the study area average of 7,475 were assigned 1.0. 
Units with a higher average elevation were assigned a number according 
to the formula 

i = -0.00023 E + 1.966. 

16. Buildings 

The 12 counted buildings were directly assigned to the land 
units in which they were located. 

17. Archeological or historical sites 

(16) 

Lane's Grave was identified with the land unit in which it is 
located, and a map showing the route of the Lander Cutoff was used to 
identify the land units crossed. 

WI. Fish Habitat 

The fish habitat quality index (Equation 7) was constructed 
from observed characteristics of a water unit (stream reach) and 
provided values that could be directly assigned to the land units 
through which the stream flows. Fish populations were assumed to 
be proportional to stream length for a given value of the habitat 
index. 

W2. Fishing 

The 1978 census estimates of fishing activity were subdivided 
into seven reaches (Table lIt. Estimates of fishing intensity per 
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unit stream length in each of the 55 reaches identified for analysis 
were based on information on a fishing intensity index constructed from 
information on fish population and factors affecting access to the 
streams including restrictions placed by property owners, distances from 
the nearest road, streamside vegetation, and flow. The angler days 
within the seven reaches defined for the census were allocated to the 55 
water units in proportion to the ratio of the unit length to the reach 
length, weighted according to the fishing intensity index. 

W3. Runoff 

The distribution of average annual runoff among source land 
units was estimated by applying the Kentucky Watershed Model (Ross 
1970). The model was initially calibrated for the 2.70-square mile 
Stewart Creek Catchment. The simulation used hourly precipitation 
amounts recorded at Henry, Idaho, and daily minimum and maximum tempera­
tures recorded at Soda Springs. Hargreaves and Samani's (1982) method 
was used to estimate daily evaporation from the temperature data. The 
calibration was based on matching 25 flow measurements taken during the 
summer of 1976. In that year, the earliest measurement was 1.7 cfs on 
May 4. The flow peaked from snowmelt at 10.0 cfs on June 2 and receded 
through the summer to 1.5 cfs on September 23. No flow measurements 
were made during the winter. 

For modeling purposes, the Stewart Creek Catchment was divided into 
two elevation zones,.one averaging 1300 fe~t higher than the Henry gage 
and the other 2300 feet higher. Model parameters were adjusted by trial 
and error until the simulations matched the available recorded flows. 
Of the model parameters, the snowmelt degree-day factor had the primary 
influence on the timing and magnitude of the runoff peak, and the soi 1 
depth and permeability had the primary influence on the annual runoff 
volume. The 25 recorded flows and corresponding synthesized flows for 
the accepted calibration, listed in Table 27, had a correlation coeffi-
cient (r2) of 0.902. . 

The land cover changes in the Upper Blackfoot likely to most 
significantly affect runoff are timber cutting that removes the conifers, 
grazing of cut areas afterwards, and mining. For each cover situation, 
a set of hypothetical model parameter values shown in Table 28 was used 
to simulate the runoff volumes, flood peaks, and low flows shown in 
Table 29. Assumptions used in hypothesizing values for the model 
parameters were 1) interception is approximately equally divided between 
the conifer forest and understory growth, 2) mining disturbs the earth 
to the point of doubling the available volume of depression storage, 3) 
grazing reduces depression storage to two thirds to three fourths 
of its former value, 4) mining breaks up underlying impervious layers 
and triples active soil moisture storage, 5) transpiration rates are 
reduced to 70 percent of their former value by cutting timber, 50 
percent by grazing, and 10 percent by mining, 6) mining loosens the soil 
and increases infiltration rates by a factor of four thirds, and 7) 
grazing reduces infiltration rates by half (Hawkins and Gifford 1979). 

The hydro ic effects of mining, lumbering, and grazing vary with 
prec tation rates and elevation (principally because shorter seasons 
reduce total evapotranspiration). The relationship was investigated by 
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Table 27. Results from 1976 Stewart Creek hydraulic simulation. 

Date Recorded Flow Simulated Flow 

May 4 1.7 0.4 
6 2.5 0.4 

11 4.3 5.0 
13 4.8 4.6 
17 6.1 5.5 
19 7.5 8.2 
25 9.3 10.5 
27 9.6 9.9 

Jun 2 10.0 11.9 
9 9.9 9.4 

15 9.2 9.1 
22 7.8 8.5 
29 7.3 7.0 

Jul 9 6.6 5.7 
13 5.6 5.2 
20 5.1 4.8 
27 4.0 4.3 

Aug 3 3.4 3.9 
10 3.8 3.5 
18 3.3 3.1 
26 3.1 2.8 

Sep 2 2.4 2.5 
9 1.7 2.2 

16 1.6 2.0 
23 1.5 1.8 

Table 28. Stanford Watershed Model parameter values for run groups L, 
M, N, and P. 

VINTMR (Interception) 
BUZe (Surface detention) 
suze (Seasonal surface detention) 
LZC (Soil moisture storage) 
ETLF (Evapotranspiration) 
BMIR (Infiltration) 

Forest 
L 

0.20 
0.20 
0.15 
1.00 
0.20 
7.50 
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Cut 
M 

0.10 
0.20 
0.15 
1.00 
0.14 
7.50 

Mined 
N 

0.00 
0.40 
0.30 
3.00 
0.02 

10.00 

Grazed 
P 

0.10 
0.15 
0.10 
1.00 
0.10 
3.75 



Table 29. Analysis of runoff variation with elevation and cover. 

Elevation 
Precipitation above Fraction Annual Peak Low 

Run Multiplier Soda in Conifer Runoff Flow Month 
for Henry Springs Forest ( in.) (cis) ( sfd) 

Data (1000 feet) 

Present Conifer Forest 

L1 0.97 0.30 0.90 6.47 6.4 22.6 
L2 0.97 1.40 0.90 7.22 7.6 26.2 
L3 1.26 0.30 0.90 9.50 10.1 41.9 
L4 1.26 2.50 0.90 10.34 10.5 47.1 
L5 1.26 2.50 0.90 11.28 11.2 52.7 
L6 1.55 1.40 p.90 13 .62 18.5 68.6 
L7 1.55 2.50 0.90 14.60 15.6 76.8 
L8 1.80 1.40 0.90 16.53 23.4 89.7 
L9 1.80 2.50 '0.90 17.87 21.4 98.8 

With Lo~~in~ 

M1 0.97 0.30 0.00 10.23 18.0 32.8 
M9 1.80 2.50 0.00 23.58 41.1 95.6 

With Minin~ 

Nl 0.97 0.30 0.00 8.27 10.7 32.9 
N9 1.80 2.50 0.00 21.00 33.2 114.9 

With Grazing of Cut Areas 

PI 0.97 0.30 0.00 10.58 38.8 24.6 
P9 1.80 2.50 0.00 24.59 82.8 74.2 

100 



simulating ranges of average annual preCipitation amounts in the Black­
foot from 17.25 to 32.00 inches, and elevations from 300 to 2500 feet 
higher than the Soda Springs temperature gage. Precipitation is corre­
lated with eLevation, but other factors such as aspect and exposure also 
have a large influence. Consequently, different precipitation amounts 
were hypothesized for given elevations. 

Three elevations and four precipitation totals (Table 29, LI-L9) 
were used to simulate total annual runoff, the highest flow peak (snow­
melt runoff), and the runoff volume during the driest summer month. 
Combinations with high precipitation at low elevation and low precipita­
tion at high elevation were excluded. A regression of the simulated 
annual runoff on precipitation in inches (p) and elevation in feet (E) 
estimated the annual runoff volume from a conifer forest in inches CRt) 
to be 

R' = -10.10 + 0.000832 E + 0.640 P 

with a correlation coefficient (r2) of 0.998. A regression of 
the simulated annual flow peak (cubic feet ~r second) on the same 
variables gave 

Q' = -13.36 + 0.000829 E + 0.803 P 

with r2 = 0.982. For low flows (monthly runoff in second foot 
days), the relationship was 

L' = -88.45 + 0.00524 E + 4.352 P 

with r2 = 0.996. 

(17) 

two 

(18) 

(19) 

The above results ~how all three relationships to be highly 
linear. Consequently, rather than simulate all nine points for land 
cover changes, only the two extreme points were simulated, and the 
linear relationships found for conifer forest were assumed to represent 
the pattern of variation for the intermediate situations. The conse­
quent procedure for estimating R, Q, and L for watersheds with other 
cover characteristics was to multiply the above equation by constants. 

For a catchment with the trees removed (M on Table 29), it was thus 
assumed that runoff can be estimated as a simple multiple of the runoff 
from the conifer forest: 

(20) 

where, based on points Ll, L9, Ml, and M9, 

FR = -0.228 R' + 1.727 (21) 

For catchment cover that combines conifer forest and other vegeta­
tion, with C defined as the decimal fraction of the catchment with 
conifer cover, 

(22) 
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Because a value for R' can be interpolated for any precipitation 
and elevation from Table 29, this equation provides an unverified 
but reasonable basis for estimating runoff from all possible combinations 
of annual precipitation, elevation, and cover. 

For snowmelt flood peaks, the terminology used was 

(23) 

where 

FQ = -0.0651 Q' + 3.223 (24) 

Also, 

Qm = (FQ + C - C FQ) Q' (26) 

The same three equations were also used for low flows with 

FL = -0.0064 L' + 1.595 

From these equations, one can estimate the hydrologic effect of 
cutting conifer forest from a portion of the watershed. For example, by 
applying, Equation 22 (or the corresponding equations for Q and L) with 
C1 as the conifer fraction before cutting and C2 as the fraction 
afterwards, Rrn2 may be obtained by placing C2 in Equation 22, 
and Rrnl by placing Cl. The increase in annual runoff is 

For estimating the effects of mining a catchment presently covered 
with conifer, the ass~med relationship was 

R = MR R' 

where 

MR = -0.0088 R' + 1.337 

If the catchment has some other cover before mining, 

R = MR R' /FR 

For mixed conifer cover, 

R = C MR R' + (1 - C) MR R'/FR 

For flood peaks and low flows, the relationships to be used in 
place of Equation 29 are 

~~ -0.0137 Q' + 1.775 

ML = -0.0039 L' + 1.549 

For estimating the effects of graZIng (assuming grazing does 
not pertain to conifer fQrests), 
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R (34) 

where 

GR = 0.000749 R' + 1.02 (35) 

if the grazing intensity consumes all available AUM. For a lesser 
grazing intensity 

where Ga AUM out of Gm total are actually consumed. The annual 
runoff volume from an area grazed at intensity Gi was estimated 
as 

For flood peaks and low flows, the relationships to be used in place of 
Equation 35 are 

GQ = 0.0150 Q' + 1.188 

GL = 0.000478 L' + 0.734 

Multipliers from these relationships are summarized in Table 30. 

W4. Water Quality 

(38) 

(39) 

The water quality in a given stream reach represents an integration 
of upstream effects, pollutant loadings and dilution occurring within 
the reach itself, and biogeochemical transformations occurring within 
the reach. Although the water quality data base for the study area was 
much better than that existing in most wildland watersheds, Doebley and 
Messer (1981) found the following problems with interpreting the effects 
of tributary land use on water quality: 

1. Annual variability in stream discharge influenced water quality 
at least as much as land use. 

2. Variations in water quality could not be adequately described 
by mixing and dilution processes. 

3. Chemical variability among closely spaced sites along a 
stream reach, resulting from ungaged groundwater inputs and stream 
ecosystem biogeOChemistry, makes all but the most highly controlled 
studies of land use effects within-reach water quality highly suspect. 

The result was that extensive statistical analyses gave few 
high correlations between land use and water quality parameters in any 
of the downstream reaches. 

An additional problem was encountered in defining water quality. A 
nutrient that could contribute to good water quality for fish habitat or 
irrigation water could be detrimental to offsite use in a reservoir. 
Alternatively, parameters such as suspended solids may be detrimental to 
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~able 30. Hydrologic multipliers with land use change. 

Cover 

Mean Annual Runoff, Conifer in. 
With cutting, multiply by 
With mining, multiply by 
With cutting and grazing, 

multiply by 

Annual Snowmelt Flood Peak, cfs 
With cutting, multiply by 
With mining, multiply by 
With cutting and grazing, 

multiply by 

Low Monthly flow 
With cutting, multiply by 
With mining, multiply by 
With cutting and grazing, 

multiply by 

Low and Dry 
6.47 
1.58 
1.28 

1.63 

6.2 
2.82 
1.69 

4.09 

22.6 
1.45 
1.46 

1.09 

Location 

High and Wet 
17.87 
1.32 
1.18 

1.37 

20.8 
1.87 
1.49 

3.31 

98.8 
0.96 
1.16 

0.75 

both fish habitat and reserVOIr siltation, but the order of magnitude of 
the corresponding impacts could be significantly different. Mahmood and 
Messer (1982) attempted to circumvent this problem by creating a single­
valued multivariate statistical water quality index for the study 
streams. In this index, the criterion for decreasing water quality was 
the difference between a group of weighted water quality variables in a 
specific stream reach (normalized according to their standard deviations) 
and the mean values for all reaches in the study area. The index 
appeared to be a good predictor of invertebrate biomass in a stream 
reach, and an example of how the index could be used in a linear program­
ming model was given. However, insufficient data were available to 
calibrate the model for the study area. Consequently W4 was judged to 
be too complex for further detailed simulation in this study. 

Tabulation of Use by Land Unit 

The disaggregated use data are given in the 20 (W4, water quality 
excluded) by 343 matrix of Table 31. As is obvious from the above 
descriptive material on the methods of estimation, many gross approxi­
mations were made. Table 31, however, does provide a general notion 
as to the pattern of spatial variability of use over the total area. 
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Table 3l. Estimated 1980 uses by land unit. 

land 
Unit CL! Fe 2 P!1 3 CT 4 sa 4 DRS EL 5 MS' ilU6 HC 7 RD SM3 OR9 FHlO FIll &NIl 

1 a 115 0 0 24 4 22 41 14 56 .5 17 178 
2 0 55 0 a 17 18 91 170 3 35 .2 12 111 
3 0 297 0 0 10 8 50 93 31 128 !.1 21 43 405 
4 0 422 0 11 96 31 93 187 83 507 1.7 41 84 4.3 844 
5 a 329 0 0 143 183 545 1097 22 444 1.3 36 67 :;.6 739 
6 0 0 0 0 40 16 83 155 13 1 0 2 0 168 
7 0 70 0 1 1 0 0 1 1 46 .3 4 7 17.4 a 59 8 a 0 0 0 24 63 63 39 30 2 0 2 :) 293 
9 a 0 0 0 J 1 6 12 4 0 0 1 a 52 

10 0 0 a 0 11 17 26 25 30 2 0 2 0 244 
11 0 0 0 0 4 2 8 9 9 1 0 1 a 82 
12 0 13 0 0 11 3 13 12 9 15 .4 2 4 73 
13 0 264 0 14 56 16 76 107 82 176 1.5 76 37 699 
14 0 29 0 1 1 0 0 1 0 27 .2 2 4 17.1 0 47 
15 0 IS 0 0 47 19 98 182 60 5 .2 8 33 ..: 78:' 
16 0 0 0 0 19 49 49 30 23 1 0 1 5 226 
17 0 0 0 0 12 29 29 18 27 1 0 1 0 270 
18 29 0 0 0 6 2 7 8 8 0 0 0 0 70 
19 21 0 0 0 32 9 41 57 4 1 0 2 0 373 
20 0 166 0 10 18 19 30 16 87 1.3 19 11 11. 7 0 172 
21 0 0 0 0 II 16 25 24 14 0 0 I 0 110 
22 30 0 28 28 21 43 94 I 57 .4 12 6 6.3 0 4 
23 0 38 0 1 1 1 1 2 1 83 .7 18 11 2.3 0 166 
24 0 0 0 0 l3 5 26 49 8 0 0 1 3 99 
25 0 0 0 0 18 4 17 24 19 0 0 1 4 170 
26 33 0 0 0 6 12 4 0 0 0 0 52 
27 36 0 0 0 11 3 14 18 8 0 a 0 2 69 
28 228 0 0 0 35 9 45 84 28 1 0 2 11 363 
29 327 12 0 0 51 21 60 106 8 2 .1 4 16 562 
30 6 169 0 28 19 15 44 88 1 54 .6 12 6 8.9 0 88 
31 244 !O3 0 0 29 9 48 90 30 61 .8 13 31 447 
32 69 0 0 0 16 6 27 38 15 0 0 1 0 127 
33 159 0 0 0 19 6 31 58 2 2 0 2 0 66.0 0 290 
34 182 91 0 0 21 7 36 67 22 45 .4 10 22 33.2 
35 209 105 0 0 61 29 102 119 58 105 .9 14 33 477 
36 49 148 0 19 77 17 90 125 130 395 .9 27 62 55.4 0 900 
37 0 0 0 0 25 0 4 27 29 [39 0 20 7 l4.6 0 211 
38 0 1 0 28 0 5 13 25 0 5 .3 6 3 15.1 0 60 
39 0 212 0 20 0 4 16 28 8 24 .5 5 11 115 
40 0 0 0 4 0 2 9 6 0 0 0 0 0 42 
41 0 0 0 38 0 48 14 71 0 0 .2 5 2 8.6 13 54 
42 0 2 0 53 0 57 24 87 0 .4 11 4 115 
43 0 0 0 5 0 4 J 8 2 0 a 0 0 15.4 13 42 
44 a 0 0 0 7 t:> 28 40 3 1 0 2 7 266 
4S 0 66 0 I 2 4 1. 2 1 66 14 7 4.6 0 133 
46 0 27 0 0 30 97 101 130 JS 76 8 19 32.9 25 478 
47 a 46 0 0 4 1 9 9 0 .8 1 2 85 
48 0 66 0 0 16 7 35 49 37 45 1.0 'f) 2 326 
49 0 51 0 0 10 25 25 25 15 27 l.0 ;, 12 .: 193 
50 0 0 0 0 28 4 20 37 0 64 0 14 32 1,65 
51 0 0 0 0 14 6 26 42 28 I 0 1 7 242 
52 0 43 0 32 4 14 24 34 31 99 .5 29 15 302 
53 0 0 0 14 0 18 76 a 0 11 .1 3 1 30 
54 0 64 0 67 0 46 52 134 1 40 .3 9 5 2.7 32 97 
55 0 0 0 1 1 3 9 18 8 0 0 1 0 31.5 24 91 
56 0 0 0 0 22 8 39 63 4 1 0 2 0 362 
.J "/ 0 0 0 0 33 1 6 4 5 1 0 2 8 290 
:;8 0 0 a 0 30 26 40 38 46 1 0 2 9 322 
S9 0 12 0 13 16 15 23 29 31 102 .1 23 12 15.6 0 248 
60 0 0 0 0 77 59 73 39 53 3 0 2 9 5.4 0 326 
.1 a 0 0 0 5 2 7 19 6 0 0 0 2 66 
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Table 3l. (Continued) . 

Land 
Unit CL Fe PM CT SH DR EL liS lIU HC RD SN OR Fl! FI RN 

63 0 36 0 46 11 21 SO 50 14 358 .5 51 26 44.0 79 543 
64 0 107 0 106 0 89 62 29 1 1.1 22 11 10.4 28 229 
65 0 0 0 13 1 3 13 102 13 0 0 1 3 12"1 
66 0 0 0 0 15 6 27 43 3 1 0 1 1 248 
67 0 0 0 0 10 17 11 40 8 1 0 2 9 326 
68 0 0 0 0 5 2 a 4 9 0 0 0 2 78 
69 0 0 0 Q 18 54 43 44 2 0 0 2 8 296 
70 0 0 0 0 17 6 31 28 19 1 0 2 8 290 
71 0 0 0 0 5 3 9 17 1 0 0 1 2 85 
72 0 0 0 0 10 8 15 63 14 207 0 30 15 5.5 0 314 
73 0 0 0 Q 12 36 28 3 8 0 0 1 0 97 
74 0 0 0 0 3 2 5 4 4 0 0 0 1 26.1 0 48 
75 0 0 0 0 12 5 22 41 24 Q 0 1 6 305 
76 0 a 0 0 4 13 10 11 5 0 0 0 0 73 n 0 95 0 1 0 0 1 9 1 40 .3 2 5 0 97 
78 0 19 0 0 3 7 30 4 35 2 .1 1 3 18.7 0 284 
79 0 0 0 34 0 47 13 6 0 0 .1 0 2 6.3 0 48 
80 0 0 0 10 40 11 51 692 55 1 0 3 13 1;77 
81 0 73 0 0 44 35 42 72 37 199 .6 46 23 62.7 0 483 
82 0 0 0 0 3 I; 6 8 8 0 0 0 1 54 
83 0 0 0 109 6 169 169 58 79 3 0 4 18 646 
84 0 104 a 99 5 1 5 8 3 a .5 a 1 42 
85 0 183 a 2 37 14 69 7 69 2 .6 3 0 646 
86 0 14 0 6 36 5 13 57 2 1 .8 1 3 22.3 0 127 
87 0 0 0 0 9 44 25 4 4 0 0 I 0 151 
88 0 0 0 0 51 31 86 42 62 4 a 3 12 5.0 a 427 
89 0 a a 0 18 3 16 38 16 1 a 2 8 646 
90 0 0 0 0 3 6 6 8 5 0 0 0 1 48 
91 0 0 0 0 12 5 25 37 15 1 0 1 0 229 
92 0 0 0 0 27 64 65 14 28 0 0 1 7 247 
93 0 0 0 0 6 3 6 24 3 0 0 1 0 121 
94 0 0 0 35 4 11 49 24 1 a 0 1 3 115 
95 0 0 0 75 0 22 25 7 0 13 .5 12 8 18.3 52 163 
96 0 0 a 61 0 95 26 58 0 0 .2 a 0 11.0 30 9-7 
97 0 0 0 6 2 2 7 6 8 0 0 0 0 66 
98 0 0 0 22 a 5, 21 280 24 64 0 18 7 193 
99 0 0 0 36 0 23 12 12 0 6 .5 0 4 21.3 86 79 

100 0 0 0 121 0 113 46 22 0 1 .7 0 6 11.1 56 175 
101 0 30 0 24 0 4 14 19 0 4 .4 3 2 4.2 21 54 
102 0 0 0 4 4 2 9 69 5 0 0 0 0 79 
!O3 0 59 0 4 3 2 7 24 7 0 .3 0 0 1.7 0 73 
104 a 0 0 0 8 3 14 27 9 0 a 1 0 132 
105 103 0 0 0 35 15 61 59 24 1 0 2 0 290 
106 331 0 0 21 11 11 57 53 a a a 1 0 266 
i07 430 22 0 14 4 7 32 44 7 0 .3 0 0 302 
108 0 a 0 14 3 5 9 24 0 0 .1 0 1 60 
109 193 0 0 2 22 9 10 9 4 0 0 0 0 73 
110 155 0 0 1 25 1 6 0 3 0 0 0 a 54 
III 0 0 a 0 34 75 59 27 4 0 0 1 6 205 
112 0 0 0 0 25 10 50 93 31 1 0 3 13 465 
113 0 5 0 0 34 84 84 68 36 1 .1 9 22 320 
114 0 a 0 0 23 32 51 71 38 1 0 3 0 429 
115 0 0 0 0 18 45 45 29 42 2 0 2 0 34k 
116 0 0 0 0 13 6 25 18 3 0 0 a 0 120 
117 0 6 0 11 11 7 33 46 32 38 .9 8 19 308 
118 0 0 0 0 5 3 10 7 1 21 0 3 6 97 
119 0 7 0 8 2 8 7 5 20 .4 6 2 103 
120 0 a 0 23 0 9 25 12 0 0 .7 0 0 .3 97 
121 0 l2 0 2 2 I 6 14 2 0 .1 0 0 54 
122 0 a 0 4 0 1 6 12 0 0 0 0 0 60 
123 0 a 0 a 13 6 27 19 12 1 0 1 0 127 
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Table 3L (Continued) . 

Land 
Unit CL Fe PM CT 5H DR EL Mg 11J He RD 5M OR FH FI RN 

124 0 0 0 0 15 7 27 35 2 0 0 0 0 139 
125 a 0 0 5 15 S 23 1 I 0 0 3 7 350 
126 0 0 0 89 0 30 57 3 0 0 1.2 0 0 .4 150 374 
127 0 0 0 5 0 2 9 16 0 0 .7 0 0 J.9 
128 0 0 0 13 0 4 9 0 0 0 .2 0 0 19.6 0 54 
129 0 0 0 10 0 3 7 0 0 0 .2 0 0 19.6 (j 42 
130 0 30 0 5 12 11 3Z 57 33 11 1.3 12 8 10.2 0 320 
131 1803 0 0 0 30 17 51 102 46 0 0 2 9 507 
132 193 41 0 2 8 4 12 14 9 0 .2. 0 0 17.4 0 60 
133 789 23 0 0 35 18 50 56 38 20 . 1 13 8 .6 0 248 
134 180 0 0 0 10 41 26 6 5 0 0 0 0 85 
135 2063 0 10 0 41 27 124 173 3 0 0 1 0 580 
136 2362 0 0 0 21 1 7 13 0 0 0 0 0 66 
137 87 0 0 0 7 2 10 7 1 0 0 0 0 48 
138 0 0 0 0 24 34 53 63 57 1 0 3 0 447 
139 0 0 0 0 8 13 63 103 47 4 0 9 40 1473 
140 0 0 a 0 94 126 195 189 34 7 a 2. 11 12.4 0 821 
141 0 0 0 0 64 80 69 119 4 0 0 3 13 24.0 0 483 
142 0 0 0 0 6 3 13 9 6 0 0 0 0 60 
143 0 0 0 0 13 5 26 49 16 0 0 1 0 242 
144 0 0 0 0 12 5 25 28 3 0 0 1 0 229 
145 0 0 0 0 15 14 27 52 34 0 0 1 0 290· 
146 0 0 0 0 24 23 36 4) 4 3 a 21 45.4 0 459 
147 0 0 0 0 6 3 11 2 12 0 0 1 3 109 
148 0 0 0 0 6 15 15 9 1 1 0 1 0 115 
149 0 0 0 13 1 11 9 11 0 0 .2 0 0 9.2 0 61 
150 0 0 0 43 0 98 32 141 a 0 0 0 0 1.1 0 121 
151 0 0 0 0 44 21 87 60 3.7 (J 0 1 0 .: 411 
152 0 0 0 2 2 4 13 6 0 0 1.1 0 1 54 
153 0 0 0 81 8 26 58 2 0 0 .3 0 0 338 
154 0 0 a 20 0 7 14 1 0 0 .3 0 0 54 
155 0 0 0 156 0 56 125 5 0 0 0 0 0 .5 435 
156 0 0 a 42 0 14 27 1 0 0 a 0 2 
157 393 120 0 0 11 3 17 32 0 3 .4 7 4 
158 0 0 0 192 0 60 190 3 0 0 0 0 0 23.6 60 537 
159 0 0 0 62 0 17 55 1 0 4 1.2 0 1 10.2 0 260 
160 4 47 0 9 9 4 14 17 0 0 1.2 0 0 91 
161 142 168 0 1 26 8 75 73 25 0 .8 1 0 362 
162 8 0 0 0 29 9 44 82 4 0 0 1 0 205 
153 29 55 1.7 0 105 31 117 177 8 0 .6 2 0 7.9 0 731 
164 13 0 8.4 0 45 14 S9 85 2 0 0 1 0 314 
165 4 0 a 0 8 3 7 5 1 0 0 a a 109 
166 5 0 0 1 8 2 5 0 1 0 .1 0 0 121 
167 3 14 0 14 5 6 22 19 2 0 .8 0 0 13.8 a 133 
168 0 0 0 21 0 7 24 20 0 0 .3 0 a 3.2 0 175 
169 0 0 0 71 0 23 51 2 0 0 1.3 a 0 74.1 0 296 
170 7 0 0 0 22 7 35 49 2 1 0 1 0 163 
171 2 0 0 14 2 5 23 33 7 0 0 0 0 242 
172 0 0 0 38 0 13 24 1 0 0 0 0 0 320 
173 0 0 0 6 0 2 4 0 0 0 0 0 0 102 
174 0 0 0 65 0 19 70 1 0 0 . 1 0 0 .2 68 181 
175 0 0 0 9 0 3 6 0 0 0 1.0 0 0 .2 52 lSI 
176 0 0 0 4 0 1 2 0 0 0 .2 0 0 60 
177 0 0 0 0 18 6 27 25 2 1 0 1 0 127 
178 0 0 0 0 11 3 10 5 1 0 0 1 0 151 
179 0 0 0 0 48 14 35 110 0 0 0 2 0 169 
180 a 20 0 0 15 7 19 37 1 1.1 1 0 2.2 47 205 
181 155 32 0 0 19 10 17 11 1 43 1.1 37 12 18.0 374 290 
182 0 0 0 12 1 5 23 38 9 0 0 1 0 217 
183 0 0 0 4 3 2 7 6 0 0 1 0 109 
184 20 14 0 12 12 13 30 44 157 .7 27 9 13.7 280 380 
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Table 3l. (Continued 

Land 
Unit CL FC P!'I CT SH DR EX. MS HU He RD 8M OR F!! FI RN 

0 0 ,5 0 0 .9 204 
186 0 0 0 12 0 12 0 0 0 0 0 0 48 
187 93 2 0 16 36 17 31 2 0 15 1.0 0 12 205 
188 229 '5 0 0 28 5 25 34 34 124 .1 43 19 447 
189 61 0 0 0 7 9 14 19 4 0 0 0 0 115 
190 54 0 0 0 6 11 13 5 0 0 0 0 1 145 
191 5 0 0 0 3 34 20 3 0 0 0 0 0 44 
192 0 0 0 0 4 1 6 10 16 0 0 1 0 145 
193 0 0 0 0 0 0 1 1 1 0 0 Q 0 78 
194 0 0 0 0 4 2 8 14 1 0 0 0 0 72 
195 0 0 0 0 19 9 48 89 3 1 0 3 12 441 
196 0 0 0 0 31 106 90 43 7 0 0 2 11 60.1 0 416 
197 0 0 0 0 20 8 42 79 26 0 0 1 0 392 
198 0 0 0 0 11 15 16 10 1 0 0 1 0 205 
199 0 0 0 0 31 27 47 96 37 0 0 2 0 117.3 0 586 
200 0 0 0 6 10 7 24 21 1 3 0 2 6 302 
201 0 0 0 42 0 13 30 1 0 0 1.6 0 0 69.6 0 175 
202 0 0 0 0 0 6 9 10 1 0 0 0 0 65.8 0 133 
203 0 0 0 0 0 19 44 60 29 0 0 0 0 60.8 0 320 
204 0 0 0 0 9 11 19 40 2 0 0 0 0 21.6 0 121 
205 0 0 0 317 0 515 357 1120 0 0 1.2 0 0 521.6 0 1328 
206 0 0 0 0 91 48 226 403 21 I 0 23 82.1 0 1256 
207 0 0 0 0 8 9 1 58 7 0 0 1 193 
208 a 10 0 6 6 12 51 60 66 15 .4 10 28 1365 
209 0 0 0 0 0 2 3 0 0 0 0 0 0 91 
210 0 0 0 173 0 52 139 4 0 0 1.5 0 0 2.2 0 725 
211 0 0 0 354 a III 349 6 0 0 ,8 0 0 4.0 a 990 
212 a 0 0 13 0 3 13 0 0 0 0 0 0 54 
213 0 0 0 20 0 7 13 1 0 0 .4 0 0 85 
214 0 0 0 5 0 2 7 6 0 0 0 0 0 157 
215 0 0 0 23 0 36 133 1 0 0 0 0 0 3.5 63 344 
216 0 0 0 11 0 30 81 2 0 0 1.4 0 0 423 
217 0 0 0 63 0 9 36 42 0 0 0 0 0 193 
218 11 0 0 24 0 4 12 " 0 0 0 0 0 187 
219 0 0 0 1 2 19 51 1 0 0 .4 0 0 5.9 16 Z60 
220 0 0 0 43 28 8 21 17 0 0 .4 0 0 4.8 0 103 
221 33 0 0 2 2 1 6 7 1 0 0 0 0 54 
222 209 36 .8 " 0 23 103 155 8 0 .6 1 0 574 
223 24 0 0 2 1 3 0 0 0 0 0 a 67 
224 23 20 0 6 0 3 6 7 2 1 .4 0 1 13.0 0 193 
225 336 3 0 16 65 36 104 48 0 .3 2 0 791 
226 72 0 0 0 12 3 8 4 0 0 .1 0 0 118 
227 322 0 0 258 54 15 43 21 2 3 0 28 18 664 
228 144 1 0 206 0 47 96 4 0 3 .2 0 9 9.9 592 
229 31 2 0 104 0 37 69 4 0 1 1.2 0 4 6.5 272 
230 160 1 0 163 0 34 64 3 0 1 .2 0 8 423 
231 27 0 0 17 0 6 11 1 0 0 0 0 0 73 
232 106 0 0 2 30 15 24 33 18 0 0 1 0 199 
233 0 0 0 0 7 1 3 0 0 0 0 0 73 
234 82 0 a 3 12 7 20 10 I 0 0 0 308 
235 97 4 0 7 1 2 7 3 1 0 .1 0 181 
236 327 172 0 87 0 104 124 83 2 0 5.2 1 3 682 
237 0 0 0 0 4 1 3 0 0 0 0 0 0 60 
238 0 0 0 0 43 13 47 0 0 0 .2 0 0 [,2 0 121 
239 0 0 a 0 60 17 45 1 0 0 .7 0 0 235 
240 52' 3 0 0 120 31 59 3 0 1 1.7 0 6 386 
241 283 0 0 10 29 12 57 80 61 0 0 2 0 531 
242 0 40 9.41 a 5 III III 68 31 6 1.2 4 10 845 
243 0 0 17.4 0 42 34 83 26 0 0 2.S 0 0 403 
244 164 0 0 0 40 114 87 28 4 0 0 2 0 614 
245 38 0 0 0 5 2 7 11 8 0 0 0 0 70 
246 260 0 0 4 33 11 59 109 36 0 0 2 0 .: .543 
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Table 3l. (Continued) . 

Land 
Unit CL FC PM CT SH OR £L MS HU HC RD SN OR FH FI RN 

247 112 0 0 73 18 23 58 47 1 0 0 1 0 281 
248 0 0 0 112 0 108 68 191 1 0 0 0 0 3.8 10 192 
249 0 5 0 10 58 94 97 109 3 to .1 4 9 1.2 15 230 
250 0 0 6.2 9 0 6 29 41 0 0 0 0 0 275 
251 0 0 .25 6 0 4 21 29 0 0 0 0 0 193 
252 12 3 0 132 0 18 34 2 0 2 1.5 a 3 15.6 0 223 
253 216 25 a 195 0 I,D 82 4 0 5 1.2 27 8 20.7 0 507 
254 0 14 0 29 29 69 151 72 3 8 1.0 5 17 363 
255 0 23 0 118 0 27 115 167 1 0 .9 0 15 308 
256 89 42 0 88 0 84 118 127 3 2 .9 5 a 459 
257 197 15 0 40 0 31 43 42 2 3 .2 3 3 411 
258 87 58 0 0 21 3 11 13 a 0 1.1 0 8 163 
259 0 0 0 99 0 39 128 165 3 0 0 2 1 405 
260 0 0 0 6 0 4 11 22 3 80 0 9 20 5.8 0 272 
261 0 75 0 a 0 0 1 1 1 30 .5 5 11 102 
262 0 57 0 120 0 319 1,09 608 38 716 1.5 117 20 9.9 0 906 
263 0 10 a 24 0 14 102 204 73 9 .2 7 9 115.8 0 1008 
264 0 0 0 2 0 ~ 12 22 7 0 0 0 63 109 
265 0 0 0 6 0 3 13 24 0 a 0 0 30 60 
266 0 0 0 52 0 20 93 130 0 0 .8 0 'J 2.1 J 217 
267 0 0 0 14 0 5 25 40 0 0 0 0 0 115 
268 0 0 0 155 0 53 99 5 a a 1.6 0 C 3.4 3 65, 
269 0 0 0 112 0 41 85 4 0 0 ,3 0 a 3.4 63 314 
270 0 0 0 62 0 15 38 30 0 0 1.7 0 0 362 
271 315 0 0 16 1 25 III 103 7 0 0 0 0 519 
272 410 0 0 18 74 53 11.2 162 99 282 0 20 40 18.7 2 712 
273 117 26 0 11 0 19 12 10 0 11 1.0 6 13 38.0 28 193 
274 289 0 a 61 0 1:20 8 It; 1l 118 1 13 ,,9 41.3 34 477 
275 44 0 0 10 0 19 19 19 2 0 G 0 0 73 
276 197 0 0 52 0 17 71 108 4 1 0 2 0 362 
277 29 0 0 4 0 2 10 19 0 0 O· 0 0 48 
278 11 0 0 2 0 4 2 2 0 0 0 0 0 18 
279 66 0 0 18 0 45 20 31 1 0 0 1 0 34.0 0 109 
280 190 0 0 53 0 23 63 87 5 3 0 2 0 14.8 0 314 
281 84 0 0 21 0 7 16 34 2 1 0 1 0 24.1 0 205 
282 223 0 0 78 0 20 99 161 5 1 0 3 0 459 
283 560 50 0 157 0 156 244 288 28 197 ,8 21 49 36.1 0 1026 
284 128 0 0 9 0 2 9 15 2 1 0 1 0 211 
285 40 0 0 3 0 2 7 10 1 0 0 0 0 66 
286 124 0 a 17 a 4 22 41 1 1 0 0 205 
287 172 0 0 24 0 37 37 30 3 0 0 2 0 284 
288 0 0 0 21 14 55 74 156 38 3 0 3 0 12.3 0 942 
289 0 0 0 73 31 146 237 373 28 3 0 3 0 4.9 0 785 
290 0 0 a 0 47 18 75 66 0 Q 0 0 0 1.2 0 196 
291 0 0 a 5 28 383 296 148 20 0 0 2 () 519 
292 0 0 0 24 0 8 16 1 0 Q 0 0 0 3.6 0 103 
293 0 0 0 6 0 2 4 0 0 0 0 0 0 1.2 0 24 
294 0 0 0 85 0 27 61 2 0 0 0 0 0 356 
295 0 0 0 164 0 51 162 3 0 0 .9 0 0 26.5 0 459 
296 0 21 0 29 10 14 65 90 14 0 .4 0 0 302 
297 0 0 0 39 0 13 28 1 0 0 .7 0 0 10.6 0 163 
298 0 0 0 13 0 5 23 37 0 0 .1 0 a 107 
299 0 24 0 9 83 42 117 177 15 521 1.6 112 69 24.9 0 ll7I 
300 a 0 0 33 0 11 24 1 0 0 .7 0 0 .6 Q 139 
301 0 32 0 15 15 61 77 26 30 10 .7 11 9 4.8 0 344 
302 0 55 0 0 9 3 14 86 1 0 .3 1 0 127 
303 0 108 0 0 29 20 40 7 34 116 .7 12 29 1.2 0 423 
304 0 2 0 0 14 47 31 9 1 0 .3 1 0 .4 0 199 
305 a 17 0 0 c .' 9 9 58 1 0 .1 0 0 66 
306 a 60 0 0 20 6 31 165 2 40 .- 9 20 290 
307 0 0 0 0 4 9 14 7 13 25 0 3 7 115 
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Table 3l. (Continued) . 

Land 
Unit CL Fe PM CT SH DR EL MS HU HC RD SN OR FH FI RN 

0 0 0 1 1 3 5 0 0 0 0 60 
310 0 55 0 0 194 389 599 581 277 1.1 37 87 1262 
311 0 0 0 0 2 1 5 7 1 0 0 0 1 24 
312 0 0 0 38 38 39 167 242 12 I 0 2 0 447 
313 0 III 0 57 133 124 335 561 6 '3 2.6 3 0 .5 0 894 
314 9 9 9 6 25 11 68 98 8 12 0 3 6 181 
315 0 0 0 72 0 27 113 133 0 0 .9 0 0 302 
316 0 0 0 32 0 25 29 12 0 0 .5 0 0 3.2 0 133 
317 0 0 0 9 0 8 10 33 0 0 .1 0 0 79 
318 0 0 0 0 40 4 18 542 27 1 0 2 0 411 
319 0 35 0 3 26 127 359 48 SO 706 1.7 115 62 .2 0 894 
320 0 0 0 29 0 23 32 4G 0 0 0 0 0 .3 0 121 
321 0 0 0 26 0 :>1 17 38 0 0 0 0 0 1.5 0 109 
322 0 0 0 17 0 36 12 51 0 0 0 0 0 4.6 0 73 
323 0 0 0 35 0 28 46 66 0 0 0 0 0 145 
324 0 0 0 20 80 344 357 444 45 6 0 4 0 3.1 0 845 
325 0 0 0 65 16 72 60 71 0 3 .9 17 11 2.0 0 392 
326 0 0 0 88 0 202 66 289 0 0 1.8 0 0 4.3 0 248 
327 0 0 0 288 0 159 185 llS 0 0 2.8 0 0 1.3 0 1208 
328 0 0 0 7 0 23 9 32 0 0 0 0 0 1.5 0 60 
329 0 0 0 435 0 341 287 338 0 0 2.8 0 0 1.5 5 1866 
330 Q 0 0 19 28 56 86 83 )0 0 0 1 0 362 
331 0 0 0 4 5 22 31 16 0 0 0 0 205 
332 0 0 0 104 . 0 29 70 22 0 0 .3 0 0 676 
333 0 0 0 2 I) 2 2 2 a 0 0 0 0 1.0 0 302 
334 0 0 0 13 0 5 20 18 0 0 0 0 0 109 
335 0 0 0 7 0 3 11 13 0 0 .2 0 a 60 
336 0 0 0 42 0 14 31 1 0 0 1.0 0 0 .4 4 356 
337 0 0 0 226 0 61 116 6 0 a 4.3 0 0 1.2 7 1896 
338 0 0 0 52 0 21 92 86 0 0 .8 0 0 217 
339 0 0 0 53 0 23 95 66 0 0 .7 0 0 229 
340 0 0 0 55 0 15 49 1 0 0 .1 0 0 229 
341 0 0 0 101 0 124 63 11 0 0 .1 0 0 .4 0 423 
342 0 0 0 22 1 30 35 14 3 0 0 0 0 386 
343 0 0 0 2 0 1 3 2 0 0 0 0 0 36 

Commercial logging - activity during study period 

5322 MEF est. harvest. 1980 

tons per unit over mine life 

4 
lAUM 720 Ibs. dry weigh t/month 

5 preference index x AUW s 

6 
3910 days 

7 
7.700 davs (7.00 camoinel 

8 
1650 days 

9 2000 days 

10 
Quality weighted habitat index 

II 
2,000 days 

12 
average in acre feet 
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CHAPTER 5 

INTERACTIONS AMONG USES 

Introduction 

The primary political motivation for land use planning has been 
to reduce adverse external effects from land uses by property owners. 
Harm inflicted on neighbors generated a rationale for protecting the 
overall public interest through oversight preventing undesirable and 
unnecessary adverse impacts of market-based land use patterns on 
society and the environ~ent. In pursuit of this lofty goal, planning 
practice has not yet gone much beyond making qualitative judgments on 
compatibility. Tools permitting quantitative tradeoffs are needed. 
Optimal resolution of the conflicts among uses requires quantitative 
estimation of the 1) benefits from land use (assumed largely convert­
ible to economic units), 2) public values to be protected (assumed 
largely environmental in the Upper Blackfoot area), and 3) inter­
actions among uses. All three types of estimates are incorporated in 
the modeling described in the next chapter. An initial exploration of 
the types of interaction occurring among uses of high mountain areas, 
a simplified approach to their quantification, and a series of appli­
cations follow here. 

Interaction Classification 

Interactions among land uses can be classified according to 
whether they are within or between uses, within or among land units, 
size scale of relevant units, simultaneous or time lagged, additive or 
multiplicative, complementary or competitive, or associated with a 
technical (including 'environmental) or social causative linkage. By 
way of illustration, interactions occur among different uses on the 
same land unit (a herd of cattle drinking while people are fishing), 
among the same use on different land units (both cattlemen and fisher­
men being more likely to use a good unit if it is not isolated from 
other good areas), or among different uses on different units (hiking 
attractiveness being affected by mining on the opposite hillside). 
They may be caused by simultaneous use or be associated with time lags 
(effects on hiking continuing after mining operations cease). Inter­
actions may have a greater impact than the additive effects of indi­
vidual uses (recreation visitation being increased by complementary 
activities by amounts that exceed direct proportionality to those 
other uses). The land units on which interactions are analyzed may be 
small homogeneous areas, such as those shown on Figure 6, areas as 
large as the entire Upper Blackfoot region covered by this study, or 
even larger. The causative relationships vary with land use size 
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(multiple interferences between cattle and fishing at many locations 
in a large area having a different impact than localized encounters). 
The interactions may be either positive (the imparting use encourages 
more absorbing use) or negative (discourages). The causative rela­
tionship may be either technical (physical effect of vegetative change 
on the quantity and quality of runoff) or social (pecuniary or psycho­
logical factors affecting desire to visit high mountain areas). 

The relative importance of an interaction varies with the physi­
cal and ecological context of a region, with the social and cultural 
background of the people who visit it, with the regional economy and 
its national role, and with the uses occurring and their relative 
magnitudes. For long run improvement of land use planning methodology, 
research is needed to develop better understanding of all the inter­
actions among land uses and how they vary spatially in different 
contexts and time frames. Simple judgments on compatibility need to 
be replaced with quantitative information on kinds and degrees of 
interaction. 

As a beginning in this direction, the exploratory effort of this 
study concentrated on interactions among different simultaneous uses 
on the same small unit for two reasons. These direct interactions are 
simpler to identify and easier to incorporate in regional modeling and 
thus the logical starting point for building toward a better under­
standing of the total interactive framework among land uses. 

Also, most current uses of the Upper Blackfoot study area are at 
relatively low intensities, and thus the interactions explored in this 
study are at relatively low levels of the two principal uses within a 
context of low levels for all the other uses as well. Effects that 
are additive at low intensities tend to become interactive at higher 
intensities, and thus interactions are expected to be greater and 
causally more complicated in more intensely used areas. For example, 
we can expect population and technological growth to increase popular 
expectations on the quality of mountain environments. 

Identification of Simultaneous, Local Interactions 

The identification of local interactions among different uses· 
simultaneously occurring on common land units in the Upper Blackfoot 
study area was done by systematic expert evaluation of each element in 
the matrix of Figure 8. Each use is considered as having the poten­
tial for both imparting and absorbing impacts. The matrix elements 
represent specific pairs of imparting and absorbing uses to be anal­
yzed for a significant interactive relationship. The diagonal repre­
sents interactions among users engaged in the same activity (the 
effect one grazing cow has on another's available forage) as handled 
by. the relationships for estimating use intensity (Equation 3). 

A number of factors have to be considered in estimating the 
magnitude of an interaction among uses. The magnitude may be governed 
primarily by the intensity of tne imparting use. It may also be 
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Absorbi!!& Use 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 WI W2 W3 W4 

1. Commercial 
logging 

2. Firewood 
cutting 

~ D D D T2 b - T3D D D D D ~ T21 T2l~ 
~ T3 T3 T2 T2 '1'2 T2 T3 ~ 

3. Pl)o!?phate 
m1n1ng 

4. Oil and gas 
Ii I Tll~ Tl 1'1 Tl '1'1 Tl ~lrl t i T3D ~2fl~~- TD HrT2rrI 

I~ i ~ T 2 D T 2 T 2 t ~ T 4 T 2 exploration 

I~ T I Tl T1 T1 T1 1'1 T 2 T 2 T 4 T1 '1' 2 1'1 
f---I--I- -

5. Cattle grazing 
(--

T I I~ T 1 1'1 T I Tl T 2 T 2 H T 2 Tl 

t~l I ~TI T1 Tl T11-12 I-- i-- i--

6. Sheep grazing 

7. Deer habitat 

8, Elk habitat 

9. Moose habitat 

+- ~ - 1''''''''1'''', --I--t--+- I , 1 I 1 I j I I 

Tl T1 T1. "'" 1'1 T2 T2 

D 

T2 D 
t---

Tl T1 T1 T1!~ T2 T2 T2 H 
l-' Q! I-- I I 
t;; ~ 10. Hunting T2 T3 T3 T2 12 i~ T2 T2 T2 T3 T2 

00 11. Hiking - I, ~ , 
.r;:. dispersed camp. 12 T3 I " 12 T3 12 . 
M___ .t---
t 12. C?ncentrated 1'1 1'2 _ 1'1 T I T2 '''''' T 3D T2 T2 1'1 T2 
<1l camping_'_f- _ 12 I "'" T3 

;:i 13. Roads DDT 3 D_t-_ D D I~ _ D D D TD T 3 I D 

14. Snowrnobtling 1'1 1'1 T1 "" 
15. Summer off-road -- , ----I-- ~ -- T2 ~ 

vehicle use f2 T3 I- T1 T2 D i" T3 . ~I-t--
16. BuildIngs 1'1 T1 1'1 1'1 T1 T1 T1 T1 T3 T3D T1 T1 ~ ~~ 1'1 
17. A~chae?lo!4ic & '1'1 1'2 '1'1 T1 Tl Tl 1'1 T2 T2 T3D T2"- -- t--:r2 I--\--

hl.stOrlcal res. I-- ---I. "'" t----i--

HI. Fish habitat 1'2 T2 T2 T2 T2 "" T2 

1'1 

t--

H2. FishIng 12 13 T3 T2 T2 T2 T2 '1'3 "" 
I--- I-- ---i-· 

W3. Runoff for ~ T2 " 
L down~tream use -c--- --f--- "" -. __ 

HI. QuaLtty of T2 T2 --'t-~. 
runoff -L '), 

Figure 8. Classification of impacts by primary causative relationship. 



influenced by local land attributes (impact of off road vehicle use on 
fish habitats varying with soil erodibility). An element may contain 
more than one interactive process (commercial timber cutting may 
improve firewood cutting by leaving slash piles and harm firewood 
cutting by removing trees). Interactive processes may be quite 
different at one combination of intensities of the imparting and 
absorbing uses than they are at another combination or in one context 
of intensities of other uses than they are in another context. 

Figure 8 classifies the major relationship types as: 

Tl: The imparting use physically (directly or through some 
ecological interrelationship) prevents or makes the absorb­
ing use less profitable or otherwise less desirable. 

T2: The imparting use induces an increase in the amount of the 
absorbing use through such varied mechanisms as firewood 
cutters who also fish, roads required to serve commercial 

ing operations, or camping at sites with a good view of 
feeding elk or moose. 

T3: The imparting use hampers by congestion or causes security 
problems for people involved in the absorbing use. Clark et 
al. (1971) have found motivations for vandalism to include 
entertainment, convenience, disregard, ignorance, and 
interference with personal goals. 

T4: The use changes runoff volumes or water quality and thereby 
impacts other users of that water. 

D: One or more of the above relationships is important but 
specific attributes of the land unit need to be measured to 
forecast the magnitude of the effect. Relationships of this 
sort are presented in Table 32, and attributes for those 
relationships not previously defined in Tables 12 or 18 are 
defined in Table 33. 

Often, it is assumed that activities (say Al and AZ) are competi-
tive over the full range of their production as shown in Figure 9a. 
However, in many cases, both complementary and supplementary relation­
ships exist between activities at a given site. In Figure 9a, Al 
and A2 are shown to be competitive over the full range of their 
production in that an increase in A2 from n to m requires giving up 
ba of Al or vice versa. The more general situation is depicted in 
Figure 9b in which increasing A2 from 0 to n results in a comple­
mentary increase of ab in Al at n level of A2. Increasing A2 
from n to p does not affect AI, and the two activities become 
supplemental. Further increasing A2 reduces Al and the two have 
become competitive. 

The diagramming of a specific inter'active relationship requires 
analysis of the processes govern physical interactions and the 
collection of information on how people perceive social interaction 
situations. The relationship may be affected by indexable site 
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Table 32. Attributes associated" with specific interactions. 

Imparting Use Absorbing Use Attributes 

1. Commercial logging 2. Firewood cutting B4 
S. Cattle grazing B9. A2 
6. Sheep grazing B4, A2 

13. Roads AS, A6 
16. Buildings B29 
WI. Fish habitat B24, B3 

3. Phosphate mining 13. Roads AS. A6. Dl 
16. Buildings B29 
17. Archaeologic & 

historical resources B19 
WI. Fish habitat BZ4, B3, BIS 

4. Oil and gas exploration 13. Roads AS, A6 

8. Elk habitat 16. Buildings B8 

12. Concentrated camping 13. Roads AS, A6 

13. Roads 1. Commercial logging AS 
2. Firewood cutting AS 

10. Hunting AS 
11. Hiking - dispersed 

camping AS 
12. Concentrated " camp ing AS 
14. Snowmobiling A5, D4 
15. Summer off-road 

vehicle use AS 
16. Buildings A5, D3 
17. Archaeologic & 

historical resources AS, B19 
WZ". Fishing AS, A9 

15. Summer off-road vehicle 13. Roads AS 
use 

16. Buildings 13. Roads AS 

17. Archaeologic & 13. Roads AS, DZ 
historical resources 
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Table 33. Additional attributes considered 1n interaction analysis. 

No.* Attribute 

Dl Route available to transport ore 

D2 Fragility of relic 

D3 Amount of landscaping 

D4 Winter access 

Indicator 

1 = available for transport 

1 = presence of known adverse 
effect 

Number of planted shrubs 

1 = normally open in winter 

*Number used to specify attribute on Table 32. 

factors and the intensities of other uses. In general, one could 
conceive a multidimensional interactive diagram with one axis for each 
use, but development of the concept is not practical. 

Analysis of Major Interactions 

In this study, exploration of the interactions was based on 
experience, expectation, and qualitative observation. The model 
presented in Chapter 6 provides a basis for identifying sensitive 
interactions for further study. 

For a first pass, for model development, Figure 10 identifies 
a reduced set of the interactions on Figure 8 deserving examination 
in the context of the Upper Blackfoot study area by direction and type 
of causal linkage. These interactions are numbered on Figure 11 and 
discussed by number below. 

1. Phosphate Mining on Other Commercial Use. Opening a phos­
phate mine requires cutting all the commercial timber in the area (PT) 
but then eliminates commercial timber operations thereafter (NT). 
After mining, an area could potentially return to commercial timber 
production. For modeling, phosphate mining was assumed to require 
immediate harvest of all commercial timber and prevent harvest there­
after. The effect of mining on firewood cutting is much the .same 
except that it was assumed that it would be impractical to strip the 
firewood remaining after a timber harvest before mining and thus only 
the second (NT) effect was considered. Cattle and sheep grazing would 
also be excluded while is underway. 

2. Grazing on Runoff. The hydrologic modeling was used to 
estimate the effects of graz on runoff volumes, peaks, and low 
flows given an annual precipitation and grazing intensity. The 
results are in Equations 34 through 39. 
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3. Permanent Developments' on Commercial Lumber. Campgrounds, 
buildings, and historical sites generally preclude commercial timber 
harvest from the immediate area, largely because of the greater 
desirability of saving trees for their aesthetic value. A reasonable 
protected area needs to be designated for each site. 

4. Roads on Commercial Lumber. Roads are required to service 
commercial lumber operations, and the cost of providing necessary 
access must be considered in deciding whether or not to open a new 
area for ~ogging. Road cost depends on topography, soil conditions, 
and distance of new construction required. After the timber is cut, 
the road may either be left open (affecting a number of other uses) or 
closed (causing some additional cost). For this study, specific road 
costs were estimated for specific situations. 

5. Commercial Lumber on Firewood Cutting. Commercial timber 
harvest leaves slash that can be used for firewood. The amount 
depends on the relative amounts of trees profitable for lumber and 
smaller trees and brush in the area and on the timber cutting method. 
For this study, 0.5 cord of firewood per 1000 board feed of lumber was 
assumed. 

6. Recreation on Firewood Cutting. People who visit an area 
for hunting, hiking, camping, ORV touring, or fishing are more likely to 
cut firewood than people who would otherwise stay home; they are 
already in the area. Recreationists need to be questioned to derive a 
relationship. 

7. Roads on Firewood Cutting. Road access is required to haul 
cut firewood away, but people vary in the type of vehicle that they 
own and willingness to drive on rough roads. The interaction should 
ideally be approached through a relationship defining the effect of 
poorer road quality in reducing cutting, but this study used a simple 
judgment as to whether or not the access was sufficient for firewood 
cutting to occur. 

8. Recreationists on Commercial Activity. Hunting, hiking, 
and offroad vehicle use may interfere with mining, oil and gas explor­
ation, and cattle ranching by attracting people who commit acts of 
vandalism or who advocate land use management practices that restrict 
commercial activity. The extent of these problems can be probed by 
questionnaire. 

9. Timber Cutting on Grazing. Cutting out the trees increases 
the growth of forage for cattle and sheep with clear cutting having a 
greater positive effect than does more scattered removal of the 
conifers (Miller and Krueger 1976). For quantities, one can estimate 
the number of board feet removed from an acre of ground and how many 
AUMs would then be produced from the grass that would start to grow on 
the area. 

10. Competition among Animals for Food. Cattle, sheep, deer, 
elk, and moose theoretically compete for food as they graze an area of 
land. Overall, cattle, elk, and moose require about the same amount 
of food with that amount being about 5 times the amount required by 
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deer or sheep. The competition, however, is limited by the fact that 
various animals differ in food preferences (food compatibility index 
by Stoddard, Smith, and Box 1975) and in thoroughness with which they 
remove plants when feeding. Miller and Krueger (1976) found no direct 
competition for forage between big game and cattle as long as the 
cattle were not overusing the range. The summation of the food 
consumed thus only provides a starting point for estimating the total 
animal populations the vegetation an area can support, and a more 
detailed analysis would need to account for season, condition of the 
range, and type of vegetation. 

11. Water Quality on Camping and Fish Habitat. Water quality 
deterioration can harm fish habitat and make streamside locations less 
pleasant for campsites. Aesthetics and drinking water safety can both 
be affected. The water samples taken in the Blackfoot area do not 
show pollutant concentrations that would cause problems in the study 
area. The primary problem is the nutrient loading of downstream 
reservoirs. 

12. Hunting on Deer and Elk. Obviously, hunters remove the 
game they kill from the animal popuLation grazing on the watershed, 
and this reduces the AUMs of food consumed. Removal rates can be 
estimated from statistics on the number of animals killed per hunter 
day. Since both the hunters and the animals wander over large areas, 
adjacent units will also be affected. 

13. Snowmobiling on Deer, Elk, or Moose. Snowmobiling has been 
known to cause deer to move out of sight of the vehicles (Bury et al. 
1976). Elk appear somewhat more sensitive. However, these interactions 
were considered minimal because of low levels of activity and the fact 
that much of the browsing is at night. Petrie's (1971) survey in Canada 
suggests that the situation may actually be more upsetting to conserva­
tionists than to the animals. Lindsay (1974) found the greatest conflict 
imparted by snowmobilers to be on homeowners. In Upper Valley the issue 
would be whether harm was found when people reoccupied their buildings 
in the spring. 

14. Land Closure on Deer, Elk, or Moose. Mining and building 
remove areas from forage production for native animals. The effect is 
probably smaller than it is on cattle and sheep because the effect of 
the physical removal of foodstuffs is likely less than that of insti­
tutional restrictions against grazing. Buildings are so few in the 
Upper Blackfoot area that any effect would be quite minimal. Mining 
temporarily destroys large areas of forage, and the AUMs removed from 
production provide a good estimate of this interaction. 

15. Roads on Moose. Road construction also removes a certain 
amount of land from forage production, but these quantities are small 
for narrow dirt roads passing through forested areas. Moose were 
identified for consideration as a possible additioRal problem because 
the primary moose habitat is in willow areas along the larger streams 
also followed by the roads. Large amounts of traffic could poten­
tially disturb the moose or the habitat, but this did not turn out to 
be a problem in the study area. 

16. Commercial Activity Increasing Hunting. Jobs bring people 
into an area where many of them will hunt. The quantitative effect 
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can be estimated from information on the number of employees per 
commercial unit, the number of hunters per employee family, and the 
average hunter days such people spend in the area. 

17. Firewood Cutting on Hunting and Fishing. People who come 
into the area to cut firewood may also hunt or fish during the trip. 
Data on firewood cutting during deer season, however, did not indicate 
that significant numbers of people were combining these recreation 
purposes. 

18. Commercial Activity Decreasing Recreation Activities. 
Commercial mining operations act to prevent hunting or hiking near the 
mine sites and create an environment where hiking and dispersed 
camping are less attractive anyway. Hunting is restricted in the 
immediate vicinity of campgrounds for safety reasons and because of 
game being scared away by concentrations of people. Mine operators 
were questioned as to experiences with trespassers into restricted 
areas, and this did not seem to be a significant problem. 

19. Deer and Elk on Hunting. The presence of more game animals 
would logically make an area more attractive to hunters. Good deer 
and elk habitat could attract hunters, probably to a lesser extent, 
even though the animal populations were not high. Since hunters 
spread out over many land units, this interaction aggregates over 
larger areas than many. Questionnaires can provide data on prefer­
ences and areas of hunting activity, and these could be correlated 
with data on habitat quality. 

20. Roads on Hunting and Fishing. Road access is a significant 
factor influencing hunting and fiShing locations. If information on 
the locations of hunting and fishing is available, correlation tech­
niques can be used to determine the significant factors and estimate 
the relative influence of roads. Poor roads may also make good trails 
that facilitate hiking. Much of the dispersed camping in the area 
requires road access for bringing vehicles or equipment into the 
area. 

21. Buildings on Hunting. Regularly occupied buildings would 
discourage hunting in the vicinity, and cabins may facilitate hunting 
act~v~ty. Both relationships were determined to be insignificant in 
the Upper Blackfoot study area. 

22. Cattle and Sheep on Camping and Fishing. Cattle and sheep 
disrupt camping, and cattle drinking in numbers disrupts fishing. 
Moose may have a similar effect. Large animals would be kept out of 
dedicated campgrounds and would quickly encourage dispersed campers to 
move elsewhere. As an approach for quantifying the relationship, one 
might examine the relationship between dispersed camping in user days 
and the feed value of vegetation in an area in AUMs. If the feed is 
primarily grazed by cattle and sheep, one would expect a negative 
slope to the line, suggesting less camping the more an area resembles 
a cow pasture. 

23. Game Animals on Dispersed Camping. The correlation between 
user days and AUt-Is ment ioned under 22 would be expec ted to be more 
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positiv where game animals were the primary grazers. Elk herds are 
not exp :ted to cause campers to leave to the degree cattle would. 

24. 
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Hunting, Dispersed Camping, and Offroad Vehicles. Many 
10 enter an area for recreational purposes can be expected to 
1 more than one activity during the day and then stay over­
:her at one of the dedicated campgrounds or dispersed among 
:es. People who come in family units or other groups may 
~ing their recreation day with various members selecting 
: activities. They may use offroad vehicles to get about. In 
quantify these interactions, hunters need to be asked whether 

~ overnight in the area and, if so, whether in a dedicated 
ld or elsewhere and whether they use an offroad vehicle. 
ld dispersed campers need to be asked whether they are over-
(perhaps after a vacancy opens) at a campground or driving an 

Tehicle. People staying at campgrounds can be asked about 
Overall, analysis of this interaction r"'1!,'LreS collection 

)n multiple activities by recreation visicors. 

Offroad Vehicles on D Camping. Oflroad vehicle use 
; noise that awakens s i! <llid is generally disturbing to 
siting remote areas to get away from congestion. This 

• conflict is just one manifestation of a more general one 
)eople visiting an area in search of solitude and other people 
"higher technology" activities requiring vehicles, chain 
is, etc (Bury et a1. 1976). 

26. Historical Sites on Hiking. Some people may come through 
the are purposefully following the Old Oregon Trail or to visit 
Lane's 'ave or some other specific site. A questionnaire would be 
require to quantify the extent of this effect. 
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Dispersed Camping on Fishing. A scenic and comfortable site 
pecial relaxation where people seek to camp an~ =ish together. 
iplementarities are among recreationists seeki~ rimative 
e whereas those under 24 are among "higher te y" 

lO activities and those under 25 are conflicts :n the 
three kinds of interactions need to be probed by asking 

'nists about the exoerience they are seeking and their reac­
)eople engaged in ,')ther activities. Crowding becomes another 
i more densely us~J areas, but it is not currently a factor in 
, Blackfoot Basin. 

Firewood Cutting on Camping. People who cut firewood may 
, overnight in a campground and burn wood in the process. In 
a relationship between firewood cutting and the size (number 
,tes) of a facility like a campground, one needs to convert 
to a use rate where the capacity greatly exceeds the use 
it does for the other uses in the Upper Blackfoot study area. 
is not a constraining factor and use equals demand. For 

!mands capacity limits use during peak periods, and a capacity­
ionship needs to be derived (James and Lee 1971, pp. 405-7). 

Phosphate Hining on Campgrounds. Close and visible presence 
!rating or, to a lesser extent, a closed mine area detracts 
Iground attractiveness. In an area with few campgrounds and 
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many possible sites, the reasonable policy is to avoid locating camp­
grounds in areas where the mines are visible. 

31. Phosphate Mining on Roads. Phosphate mines require access 
roads for bringing miners and equipment into the area and for taking 
the ore out. New roads have to be constructed or improved for much 
heavier traffic than would otherwise be necessary as new mines are 
opened. 

32. Offroad Vehicles on Roads. The steep dirt roads of the study 
area rut quickly, particularly when wet, with vehicular traffic. 
Where the vehicles leave the road, tire marks add to erosion, runoff, 
and sedimentation problems. A relationship expressing the annual cost 
of maintaining roads in acceptable condition as a function of vehicu­
lar traffic and such other independent variables as slope and soil 
characteristics would be part of expressing this interaction. Regula­
tions could prohibit offroad vehicles from areas where they would lead 
to undue erosion and where the erosion would cause significant harm to 
downstream fish habitat. A comprehensive analysis would recognize 
that ation is never completely successful and that enforcement 
costs need to be weighed against benefits. 

33. Commercial Activities on Snowmobiling. The commercial activi­
ties close down during the severe Idaho winters, but some people 
enter the area to snowmobile. The effect is analogous to that of 
commercial activity on hunting (number 16) but different because the 
recreation is outside the time for seasonal jobs in the watershed and 
thus associated instead with employment induced indirectly in nearby 
towns. 

34. Elk and Moose on Snowmobiling. Some snowmobilers may seek 
out elk and moose wintering in the lower meadows and adjacent areas of 
willow brush as part of their recreation experience. The effect could 
be quantified by questioning snowmobilers or perhaps observing the 
effects of the presence of the animals on snowmobile track patterns. 

35. Roads on Snowmobiles or Offroad Vehicles. Whether in winter 
or summer, roads are the main locations for vehicular activity. Both 
summer ORVs and winter snowmobile traffic can be examined for the 
fraction of the activity occurring on roads. The roads are probably 
more of a factor in directing locations for vehicular activity than 
they are in increasing total usage of the area. Potential policies on 
road use should be framed 1n this light. 

36. Firewood Cutting on Offroad Vehicles. Offroad vehicles 
permit a firewood cutter to haul his wood out of more remote areas, 
and hence attractive firewood sources in remote areas may induce ORVs 
into the area. A survey would need to examine the extent to which 
ORVs are being used for this purpose. 

37. Offroad Vehicle Use by Ranchers. People watching over cattle 
and sheep operations often use vehicles for access into remote areas 
(bringing salt, finding animals, etc.). Ranching operations could 
be analyzed to estimate the amount of offroad vehicle traffic gener­
ated per Am! of grazing in the area. 
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38. Camping on Offroad Vehicles. Campgrounds can become the 
center of activity for people going into more remote areas during the 
day by means of offroad vehicles. A survey of the types of vehicles 
driven by campers would be a starting point for estimating the extent 
of this activity. 

39. Historical Sites on Offroad Vehicles. People following the 
Old Oregon Trail (either exactly or approximately) or visiting some 
other site of historical significance may go on foot, by horseback, or 
by two or four-wheeled vehicle. In this case, the traffic was light 
and not judged to be worth the trouble of more detailed analysis. 

40. Phosphate Mining on Buildings. Buildings are required near 
an operating phosphate mine for caretaking and service functions. 
Workers are induced to live closer to the site. Because of the lack 
of winter access to Upper Valley, the permanent residential and 
commercial support activities are outside the study area, and tempo­
rary summer trailers were counted with dispersed camping. 

41. Deer on Buildings. Deer can be quite destructive to land­
scaping during winter periods with deep snow when available browsing 
runs short; however, in the study area, the buildings were closed for 
the winter and generally not landscaped. 

42. Technology Recreation on Buildings. The presence of hunters, 
hikers, and offroad vehicles is often associated with an increased 
incidence of unpleasant confrontations and vandalism. For this inter­
action, one might estimate adverse impacts as a linear multiple of 
recreation use, with the coefficient possibly varying with the type 
or intensity level of use. 

43. Erosion on Fish Habitat. Activity that disturbs the ground 
surface, including lumbering, mining, road construction, and the 
rutting of roads by vehicular traffic, add to soil erosion by amounts 
varying with soil erodability and climate. Muddy water is harmful to 
most fish species, and the sediments left deposited in the stream can 
ruin the habitat for a long time afterwards. 

44. Cattle and Sheep on Fish Habitat. If not enclosed, livestock 
drink from the stream, often walking down into the water and causing 
the banks to slough. This activity gradually changes the shape of the 
stream channel and also contributes to turbidity and siltation of fish 
habitat downstream. Hydraulic and ecologic observations at livestock 
watering areas are needed to quantify this interaction. 

45. Fish Habitat on Fishing. Good fish habitat attracts fish, 
and fish attract fishing activity, other factors being equal. Of the 
other factors, access is probably the most important, with a good 
habitat near a road being fished much more than is an equally good one 
at a more remote location. 

46. Mining on Runoff. The relationships summarized ~n Table 30 
were used to estimate the effects of mining on runoff. 

47. Runoff on Fish Habitat. The volume and time pattern of 
runoff has important effects on fish habitat with larger streams able 
to support a greater variety of species. The variation in land use 
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expected in the Blackfoot catchment, however, is not expected to cause 
large variations (much smaller than natural fluctuations from 
year to year) in runoff to make a significant change in habitat exc 
in a few localized areas immediately downstream from mines or tempo­
rarily after timber cutting (Mahmood and Messer 1982). 

48. Runoff on Water Quality. Most erosion and pollutant loading 
1S associated with major storm events. Most of the effect of land use 
on both runoff quantity and quality is associated with disturbances to 
vegetative cover or the land surface. Gaged data on several small 
catchments in the study area were analyzed statistically for relation­
ships between runoff and water quality (Doebley and Messer 1981). 

49. Erosion on Water Quality. Most of the phosphorus, nitrogen, 
and other nutrients and pollutants washed into a stream are associated 
with soil disturbances that expose material once deeper underground to 
be leached by surface runoff. Data on disturbances and water quality 
need to be examined for this purpose. 

50. Clearing on Runoff. The analysis based on varying parameters 
within the Stanford Watershed Model according to how are altered 
by clearing showed average runoff increases with c ranging from 
32 percent at higher elevations with wetter climates to 58 percent 1n 
lower and drier areas (Table 29). One would also expect greater 
percentage increases in dry than during wet years. 

The Data Problem 

A number of researchers have explored the sociological determi­
nants of outdoor or forest recreation. Nielsen and Catton (1971) 
developed an information retrieval system for compiling relevant 
literature. Hendee and Harris (1970) explored recreationist attitudes 
and believed users to be less willing to respond to management mea­
sures to control behavior than they actually were probably because the 
manager contacts are biased toward more negative individuals. Walter 
and Schofield (1977) presented the central task of wilderness recrea­
tion resource management as reconciling diverse objectives, and Pendse 
and Wyckoff (1974) probed techniques for tradeoffs among environmental 
goods. The state of the art is still groping for practical method­
ology, but all agree that specific analysis requires specific local 
data. 

The questionnaire of Appendix A was prepared to explore the 
interactions among visitors participating in firewood cutting, hunt­
ing, hiking and dispersed camping, concentrated camping, snowmobiling, 
offroad vehicle use, and fishing. The questions sought information on 
the attributes influencing locations chosen for recreation, amounts of 
recreation use, feelings of people in the community about the desir-
ability of various watershed uses (for estimat Mui in Equation 
34), and perceived complementaries and competitions among uses. 
Actual recreationists in the Upper Blackfoot study area proved too few 
to collect a meaningful sample. As an alternative approach, known 
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recreationists were identified in the towns, but the study area proved 
to provide such a small of their total recreation experience that 
targeting their responses to relationships in the study area was 
questionable. In the end, this attempt at data gathering was aban­
doned; but the interviewing scheme outlined in Appendix A provides a 
foundation for future efforts. 

Conclusion 

Interactions are key to land use planning. The analysis of the 
kinds of interactions that occur and the wide variety of linkages 
between impacting and absorbing uses presented in this chapter, 
however, proved that, even in the relatively less interactive high 
mountain watershed context, a great deal of research is needed to 
quantify these relationships and achieve planning objectivity. In 
fact the many topics suggested in the pages of this chapter are so 
many and varied that the obvious immediate need is for prioritization. 
Such a basis is sought in the next chapter through a model to quantify 
how optimal land use patterns vary with interaction magnitudes. 
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CHAPTER 6 

APPLICATION OF OPTIMIZATION MODEL 

Introduction 

Optimization modeling is an inherently iterative process. Since 
comprehensive optimization would encompass the universe, a realistic 
modeler must select some primary values and relationships, incorporate 
them into his model, evaluate the results, and modify the model as 
necessary to have relationships applied in range, add important 
factors previously omitted, and otherwise achieve results that match 
those experienced in real situations. 

The scope covered by a given model should be determined by what 
is important in the real world being modeled, the current understand­
ing of real world relationships, and the issues of interest to those 
applying the model. The universe may theoretically be approached 
through one large model or a number of smaller models. A model of 
more limited scope facilitates probing specific issues in greater 
depth. 

For the Upper Blackfoot study area, one could conceive of separ­
ate models for evaluating groups of related uses. Separation makes 
sense for uses that are not particularly interactive with others 
(e.g., oil and gas exploration with snowmobiling) but is absurd for 
such decisions as allocating pasture to cattle without consider the 
needs of sheep. One could also conceive of a model covering all the 
uses but taking the area as a whole as just one land unit. Separation 
of land units and the separation of uses are both ultimately based on 
judgments of minimizing the importance (from the viewpoint of the 
model application at hand) of the interactions between them. 

Several other considerations are also important in defining the 
internal land unit size and the overall geographical scope of a 
model: 

1. Smaller internal land unit sizes require greater locational 
specificity in the data, and this is only acquired at a cost. Data 
acquisition cost should be compared with the benefit gained from 
better analysis of local interactions. 

2. Smaller land units are easier to characterize in that they 
have specific identifiable properties and do not have to be repre­
sented by averages that try to represent widely heterogeneous 
situations. 
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3. Many uses need to be permitted somewhere in a larger area but 
need not be included in every smaller area. One needs to cover a 
larger area to ensure that such necessary uses are provided somewhere. 

4. Forest Service land managers think in terms of land use over 
larger areas than do property owners. 

Model Overview 

One useful tool is the generation of a range of Pareto optimum 
alternatives for consideration in the planning process (Bishop et al. 
1976). Generating these alternatives becomes geometrically more 
difficult with increases in the complexity of the physical system or 
the number of competing objectives under consideration. Various 
mathematical programming techniques have been successful, and linear 
programming has proved to be particularly usefu1 (Zelany 1974). It 
was therefore decided to generate noninferior land management alter­
natives through application of a mixed-integer linear programming (LP) 
model. 

The purpose of the LP model is to determine the optimal mix 
of uses and locations within the study area. The optimization is done 
with regard to some objective function, such as maximization of the 
net present worth of the uses, subject to constraints on the avail­
ability of resources and the all-or-nothing character of such deci­
sions as opening mines, building roads, or expanding campgrounds. The 
general form of the model is 

max c'x ( 40) 

subject to: 

Ax ~ b 

and 

1j '" 0,1 j = 1, .•• , 5 

The application in this study optimizes over the total Blackfoot 
study area among the uses determined to be sufficiently interactive 
and important for analysis and considers both economic (primarily 
of the user) and environmental (primarily of the pUblic) objectives. 

Inclusion of Uses in the Optimization Model 

Table 7 lists 17 land and 4 water uses for analysis. In prepar­
ing a model to determine the optimal mix of uses for the Upper Black­
foot watershed, four of the land uses were judg~d as better set 
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exogeneously to the model or as consequences of other choices in the 
model. Specifically: 

4. oil and gas exploration is based on evaluations of geologic 
conditions that are outside the scope of the model, and the current 
level of exploration in the watershed has relatively small inter­
actions with other uses or environmental impacts. 

13. Existing road capacity is generally sufficient to serve the 
needs for access to the area, and new needs are tied to specific 
expansion of other uses (new phosphate mines for example) and are 
best evaluated along with those uses. 

16. Buildings are not a significant use in the area. 

17. No archaeological. resources were identified, and the only 
significant historical resources were associated with the Old 
Oregon Trail. This isolated segment of a long trail is a relative­
ly minor historical attraction, and analysis of its development for 
tourism did not seem worth the effort. 

W4. No effort was made to associate either economic value or 
energy consumption (the surrogate used to index environmental 
impact) with the water quality indices, and thus this use was not 
explicitly brought into the optimization. 

Objective Function 

For the remote high mountain setting of the Upper Blackfoot River 
watershed, the primary values associated with use of the area were 
judged to be economic and environmental. Economic values were mea­
sured in monetary units. After considerable deliberation, it was 
decided to measure environmental impact in units of energy expended in 
using an area based on the hypothesis that the degree of environmental 
disruption is roughly proportional to the amount of energy spent in 
logging, mining, livestock management, recreation, etc. In the 
objective function, monetary benefits were to be maximized, and 
environmental impacts were to be minimized. Hence, the objective 
function (expanded from Equation 4) has the form: 
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where the Eu represent marginal adverse environmental impacts and 
the function is summed over the m uses considered on n units. Eco-
nomic multipliers (Mui in Equation 4) were not brought into the 
analysis, and Vu and Eu were assumed to be constants over all 
units. Estimation of the two sets of objective function coefficients 
(Vu and Eu) is described below.' 
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Economic Coefficients 

The uses were classified into the categories of commercial 
products, animal feed, recreation, and water. Separate methods were 
used to estimate the coefficients for the four categories. 

1. The commercial products are lumber and phosphate are. Based 
on current market prices for products of the quality produced in the 
Upper Blackfoot watershed, the value of 1000 board feet of lumber was 
estimated at $50, and the value of a ton of phosphate ore was esti­
mated at $25. 

2. The monetary value of cattle and sheep grazing was estimated 
from the equivalent feed value of hay to be $5 per AUM. Deer, elk, 
and moose were judged to have different grazing habits than do live­
stock and thus to remove $4 worth of livestock feed per AUM utilized. 

3. The economic values of recreation activities (firewood 
cutting, hunting, hiking dispersed camping, concentrated camping, 
snowmobiling, ORVs, and fiShing) were estimated by constructing a 
demand curve based on visitation-distance relationships derived from 
estimates of the number of visitors by activity in an average year and 
the distribution of population living within 90 miles (James and Lee 
1971, Chapter 16). By using travel cost to develop a demand curve, 
the econ~ic value of a recreation day is estimated as 

U 
v 

C 
n-l 

-
D (42) 

where C, n, and D are defined by the three following equations. C is 
the cost per mile of travel to the site in dollars per visitor day 
spent there and estimated by summing the various cost components with 
the relationship: 

where 

2.42 t (43) C bp 
(m + -) 

v 

2.42 is an average ratio of round trip road distance to one-way 
air distance 

m kS the variable vehicle operation cost in dollars per mile 

t and v estimate the value of time spent in travel by dividing 
the value of a vehicle hour of travel time in dollars by 
the mean vehicle velocity in miles per hour 

band p account for the number of v~s~tor days spent at the 
site per round trip by automobile with b being the average 
number of days those traveling together remain at the site 
and p being the average number of passengers per vehicle. 
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In Equation 42, n 1S the exponent in the gravity model used to 
estimate visitation 

v KP/Dn (44) 

where K and n are estimated by regression based on data from many 
communities on the number of visitors (V) of a total population (p) 
traveling (D) miles to the site. A larger value of n from the regres­
sion implies that a larger share of the visitors are coming from 
nearby. Finally, D is the average travel distance to the site 
estimated as: 

m 

m 
E 

i=l 
D. 
~ 

over m communities of origin. 

(45) 

From an analysis of a map of the area within 90 miles of the 
study area, 1970 census data, and data collected by Idaho on the home 
locations of people coming into the area for various recreation 
activities (Table 34), values of D were calculated from Equation 45 
and n from Equation 44. The calculations of Uv are based on Equa­
tion 43 and shown in Table 35. The values of m are based on a margi­
nal vehicle operating cost of 15 cents per mile for autos and 17.25 
cents for trucks. Percentages coming by truck or pickUp were esti­
mated as 95 for hunting, 90 for snowmobiling or DRVs, 85 for firewood 
cutting, camping or fishing, and 80 for hiking. 

4. The economic value of water as it flows through the. Colombia 
River system to the Pacific was estimated at about $5.00 per acre foot 
by Hastay et al. (1971). Escalation to 1980 prices gives a value of 
$17.30. Most of the above value is from hydroelectric power gener­
ation and thus only minimally affected by water quality, 

Environmental Coefficients 

Energy expended by man in his act1v1t1es on a land area disrupt 
the environment. The environmental coefficients were taken as the 
fuel consumption per unit of use and were assumed not to apply to 
natural uses (big game feeding, fish habitat, and water yield). 
Petroleum fuel is by far the largest energy source used by activities 
in the area, and petroleum consumption can be estimated more readily 
than the total work involved and partially supplied by a multitude of 
lesser energy sources. Details on the estimation of petroleum con­
sumptions by use are in Appendix B, and the results are listed in 
Table 36. 
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Table 34. Travel distance relationships for various recreation activities. 

Population and Visitation Distribution 

Range (mi les) 
p 

D (miles) 
Snowmobile, ORV, hiking (percent) 
Fishing and camping (percent) 
Hunting and firewood (percent) 

0-30 
21000 

21 
90 
85 
80 

30-60 
205000 

47 
7 

10 
14 

60-90 
14400 

76 
2 
4 
5 

*Approximately 1 percent of the visitation for all activities originated 
from distances greater than 90 miles. 

Table 35. Calculations of activity values per visitor day. 

m t b p C n D 
$/mi $/hr $/mi m~ 

Firewood cutting 0.169 3.50 1.0 3.5 0.266 3.79 28.3 
Hunting 0.171 3.50 1.5 3.0 0.287 3.79 28.3 
Hiking, Disp. Camping 0.168 3.50 0.5 2.0 0.576 4.62 24.8 
Cone. Camping 0.169 3.50 2.2 3.5 0.221 4.04 26.7 
Snowmobiling 0.170 3.50 0.5 3.0 0.387 4.62 24.8 
ORVs 0.170 3.50 0.5 3.0 0.387 4.62 24.8 
Fishing 0.169 3.50 0.4 2.0 0.723 4.04 26.7 

Table 36. Objective function coefficients. 

Uv 
$/vd 

2.7 
2.9 
3.9 
1.9 
2.7 
2.7 
6.4 

Use UnH Econom~c 1000 Btus 

Commercial logging 
Firewood cutttng 
Phosphate mining 
Cattle grazing 
Sheep grazing 
Deer feeding 
Elk feeding 
Moose feeding 
Hunting 
Hiking - dispersed camping 
Concentrated camping 
Snowmobiling 
ORVs 
Fishing 
Water yield 

1000 bd. ft. 
vis.day (cord) 
ton 
ADM 
ADM 
ADM 
AUM 
ADM 
vis .day 
vis .day 
vis .day 
vis .day 
vis .day 
vis .day 
AF 
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50 
2.7 

25 
5 
5 
4 
4 
4 
2.9 
3.9 
1.9 
2.7 
2.7 
6.4 

17.3 

305 
338 
217 

12 
59 

109 
94 
43 

101 
195 
108 



Aggregated Land Planning Units 

The 343 land planning units proved too many for optimization with 
the data refinement available for this project, and aggregation into 
larger areas was necessary. In evaluating the differences that need 
to be preserved in d tinguishing among aggregated land units, the two 
land characteristics judged to be most important were habitat quality 
for big game and erosion potential. Other major differences were 
preserved by distinguishing among the three major drainage divisions 
of the study area. 

The aggregation procedure followed was: 

1. Habitat preference indexes were calculated for deer, elk, 
and moose on each land unit. Preference indices are a function of 
vegetation, with coefficients based on animal observation data from 
the Idaho Department of Fish and Game. The index values were then 
divided into low, middle, and high ranges. 

2. Erosion potential for each unit was assigned in accord with 
Forest Service land type classifications (Table 3) to low, medium, or 
high. 

3. The study area was divided into three major watersheds: 
a) Diamond Creek, b) Lanes Creek except its Sheep Creek tributary, and 

.c) Blackfoot River with Angus and Sheep Creeks. 

4. Land units within each of these three larger areas were 
grouped by erosion potential and animal preference as shown in Table 
37. The 18 aggregated land planning units are shown on Figure 12. 

Model Constraint Equations 

The modeling to optimize land use over the Upper Blackfoot study 
area followed the basic linear programming format of Equation 41. 
The objective functions were optimized subject to constraints growing 
out of the interaction matrix and described use-by-use below. 

A typical constraint represents a limitation or capacity of a 
resource on a particular use on a specific land unit. For example, 
the grazing constraint in land unit 3 can be expressed as: 

CAT3 + 25.8 Iph - 0.000325 LOG3 + SHE3 ~ 1288.8 

where 

CAT3 is the AllMs allocated to cattle 

SHE3 is the Aillis allocated to sheep 
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Table 37. Definition of aggregate land use units. 

Diamond Creek Lanes Creek Blackfoot Definition 
Numbet: Number Number 

1 7 13 Medium erosion potential 
with no high habitat rating 
for deer, elk or moose 

2 8 14 Medium erosion potential 
with a high habitat rating 
for deer, elk, or moose 

3 9 15 High erosion potential with 
no high habitat rating for 
deer, elk or moose 

4 10 16 Low erosion potential with 
a high habitat rating for 
deer, elk, or moose 

5 11 17 High erosion potential" with 
a high habitat rating for 
deer, elk, or moose 

6 12 18 Low erosion potential with 
no high habitat rating for 
deer, elk, or moose 
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Figure 12. Aggregated land units in the Upper Blackfoot watershed. 
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Iph lS a binary variable designating construction (Iph = 1) 
or non-construction (Iph = 0) of the new phosphate mine 

LOG3 lS the amount of commercial ing in the land unit. 

The right hand side value of 1288.8 is an estimate of the present 
number of AUMs available for cattle and sheep In unit 3. 

The coefficients translate competing or complementary uses into 
effects on grazing AUMs. For example, construction of a new phosphate 
mlne will cause a loss of 25.8 AUMs while commercial logging will lead 
to a gain of 0.000325 AUMs per board foot of timber cut. 

Other constraints reflect competitive or complementary uses on a 
land unit. An example is between timber production and firewood 
availability. Typically, timoer harvesting leaves waste wood material, 
called slash, that has no value as commercial timber but which makes 
suitable firewood. Therefore, when timber is harvested, the firewood 
supply will be increased by an amount related to the quantity of 
timber produced. For example, 

FIRES - 0.001 LOGS i 1270 (47) 

where 

FIRES is the number of cords of firewood removed in land unit 5 

LOGS is the number of board feet of timber extracted from land 
unit 5 

The coefficient of LOGS states that each 1000 board-feet of timber 
produces 1 cord of slash suitable for firewood. Specific equations by 
purpose are discussed below. 

1. Commercial logging 

Logging occurs in sale areas designated by the Forest Service 
either as part of their overall harvest plan or as part of clearing 
the land before mlnlng. One constraint equation is introduced for 
each sale. For timber sales: 

RLOGk: LOGk - LOGkmax ICLk + L L Pim PRm i 0 
i m 

For phosphate mine settlement sales: 
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i = index on land units 

Q, = index on new phosphate m~nes 

k = index on timber sales 

m = index on projects to mitigate logging impacts 

LOGk = amount of timber to be harvested, kth sale 

LOGkm = maximum potential harvest, kth sale ax 

ICLk = 0, 1 for kth sale 

Pim = maximum board feet lost due to mitigation projects, 
land unit i 

PRm = fraction qf mth project utilized 

LOGPH k = maximum commercial timber on Q,th new phosphate m~ne 
Q, ·'IDax 

IpH = 1, ° for Q,th new mine 
Q, 

In applying these equations, the timber sale (LOGk) sites (land 
units covered) and amounts (of timber to be harvested) must be decided 
and specified in advance. The Forest Service t'imber harvest plan was 
obtained and used for this purpose. The maximum potential harvest 
(LOGkmax or LOGPHQ,~ ) is based on the timber productivity 
potential (Table 3) ~ad current cutting practices. Restrictions 
against cutting around campgrounds, buildings, and historical sites 
would have to be deducted. The model does not cover the gradual 
recovery of the forest for another harvest because of the emphasis 
here on short term analysis. Where needed, one can incorporate time 
by calculating expected changes in variables over a given period and 
entering these as data for successive model runs. 

2. Firewood cutting 

Firewood cutting in a unit is assumed to be constrained by avail­
able wood, and the total amount of firewood cut in the study area is 
assumed to be constrained by demand. 

RFIRE' . 
J' FIREj .s. Fjp .;- bjkLOGk .;- Edjin IRm - EC j Q, IPHQ, . (50) 

RFCUTj: E FIRE j .s. FIREd - rjPERMj ( 51) 

j = index on aggregated firewood units 

k = index on logging sales 
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£ = index on new phosphate mines 

m = index on new road networks 

FIREj = 

Fjp 

bjk 

PERM- :;:; 
J 

amount of firewood available in ith unit 

amount of presently accessible firewood in ith unit 

amount of firewood added on ith unit from kth logging 
sale (typically 1.0 cord per 1000 bd ft) 

amount of firewood lost from restrictions around new 
phosphate mine £ 

amount of firewood gained from mth road network 

firewood demand projection, based on population and 
heating costs 

firewood cutting permit cost in ith unit x cords under 
permi t 

rj = firewood not taken per dollar permit cost in ith unit 

timber harvested, kth sale 

Secondary demands for firewood associated with visitors who are 
coming primarily for other recreation uses were not estimated because 
they would be small compared with the primary demand which was taken 
as a function of the population in the surrounding area and the cost 
of alternate energy sources. Survey data on complementarities among 
uses would be required to quantify any secondary demands. Information 
on road density may provide a useful index for estimating, rj, the 
amount of firewood not taken. 

3. Grazing - cattle, sheep, deer, elk, moose 

The modeling of feeding by livestock and big game on the range was 
done in two parts. The first equation estimates the total food 
available for livestock from the range productivity potential (Table 
3) on lands not restricted from grazing by mining, food eaten by b 
game, plus additional range production achieved by logging and range 
augmentation projects. The second equation limits total consumption 
by the five animal groups to the food produced. Other limitations are 
that livestock cannot eat more than 60 percent of the available food 
and that the food allotted to big game in the total study area has to 
be enough to supply their needs. 

AUM: ADM = 'E A . + J~ k'E gJ' k Gk - 'E 'E a -j PJ j £ J I PH - E DW' - ~ EW j 
£ j J J 

(52) 
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GRj: CATj + SHEj - Apj - ~ gjk Gk + ~ aj£ IPH£ + DWj + 
j £ 

EW" + MW" - ~ h"k LOGk < 0 J J k J 

(CATj + SHEj ~ .6 ADM) 

DW: ~DW' 
j J > D 

EW: ~EWj > E 
J -

MW: ~MWj > M 
J -

j = index on aggregated unit 

k = index on grazing enhancement/control projects 

£ = index on new phosphate mlones 

ADM = total AUM production 

~j = present AUM production, 
productivity potential) 

jth aggregated unit (from 

gjk = increment lon AUMs realized from kth enhancement, jth 
unit 

Gk = fraction of kth enhancement project actually undertaken 

aj£ = AUMs lost in jth unit if £th new phosphate mine becomes 
active 

Ip~ integer variable on £th new phosphate mlone 

DW" 
J = AUMs allot ted to deer, jth unit 

EW" J = AUMs allotted to elk, jth unit 

MW" = AUMs allotted to moose, jth unit 
J 

LOGk = amount of timber harvested, kth sale 

hjk = ADMs added from kth timber sale (AUM/bd ft) 

CAT" = ADMs reserved for cattle, jth unit } J 
up to 60% AUM 

SHE" = AUMs reserved for sheep, jth unit J 

D = total deer AUMs 
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E = total elk AUMS 

M = total moose AUMs 

In these equations, all AUMs are in cattle units; and suitable 
conversions must be made for other species. The present AUM produc­
tion is estimated from median of productivity potential range for land 
unit type. Forest Service documents suggest that 85-90 percent of 
study area is producing at range potential. AUMs added when cut 
timber is replaced by range are estimated in AUM/bd ft and expressed 
in hjk' It was assumed that all range productivity would be lost 
from areas around phosphate mines even though technically game could 
still utilize undisturbed areas restricted to cattle and sheep. Big 
game are allocated AUMs according to the preference indices for the 
unit. Unused potential can be used to increase either domestic or 
game use. The preference indices assume that the plant composition in 
a cow AUM is the same as that for other animals. 

4. Hunting 

The hunting equations match supply and demand. The supply is 
determined by available game and hunting sites. The demand is allo­
cated regionally and increased by new ~ining or logging employment 
opportunities in the area. 

(supply) HUSUP' . HUSj - 2: ejm IRm - bj DWj - Cj EWj + 2: f' IPH -J' J 
m ~ 

2: 
jek 

ajk LOGk..s. HUjmax (57) 

(demand) HUDEM' . 
J' HUS' > HU' J _ J (58) 

HUDEMtot : 2: HUj ~ HUreg.dem. + 2: Vh IpH~ + 2: Ujk LOGk 
j J j 

(59) 

j =:: index aggregated land unit 

m index on road network 

9- = index on new phosphate mines 

k = index on timber sale 

HUSj defining variable 

ajk = change . in hunting supply from kth timber sale 

b· J = hunting opportunity from deer habitat 

c' J = hunting opportunity from elk habitat 
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= net change in hunting in jth unit due to access from 
mth road network 

change ln hunting opportunity from ~th new mlne 

= change in hunting demand from kth timber sale 

Vj2 = change in hunting demand due to 2th new mine. 

DW­J = AUMs for deer, jth unit 

EWj = AUMs for elk, jth unit 

HUjmax = maximum hunting, jth unit 

IpH2 = binary variable for 2th new mine 

IRm = binary variable for mth road network 

HUreg.dem. = regional demand for hunting 

Hunting demand was assumed to be primarily determined by popula­
tion, and secondary demand associated with other recreational uses was 
not estimated. Hunters are assumed to hunt only where allowed. 

5. Hiking - dispersed camping 

The same supply and demand approach was used in modeling hiking 
and dispersed camping. The supply equation tries to capture factors 
encouraging or discouraging hikers coming to a given area. The demand 
equation adds hiking by miners entering the area to an allocated 
demand. 

(supply) HISUPj: HISj - r hjk - L fjn IRn - gj (cEWj + dMWj 
kej nej 

(demand) 

+ eDWj) + bjm IPHm + CATj + SHEj i Hljmax 

HIDEM: HIS- > HI­J _ J 

EHlj ~ Hlreg.dem. + E VjmIPHm 
j 

j = index on aggregated units 

gj = hikers attracted by prospect of big game sitings 

k = index on hiking improvement projects 

m = index on new phosphate mines 

n index on nth road network 
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HISj = defining variable 

change in hiking ~n unit j from kth hiking project 

fraction of kth hiking project undertaken 

change in hiking in unit due to nth road network 

EWj = 

MW- = J 

DWj = 

binary variable on nth road network 

elk AUMs in j 

moose AUMS in j 

deer AUMs in j 

bjm = hiking lost in j due to mth phosphate mine 

IpH = binary variable on mth phosphate mine 
m 

CATj cattle AUMs in j 

SHEj = sheep AUMs in j 

HIjmax = maximum present hiking/dispersed camp~ng 

HI- = hiking demand ~n j J 

HLreg.dem. hiking demand in study area 

in jth unit 

Vjm = hiking/dispersed camping demand induced by new mine 

Any extra use of the Oregon Trail due to its historical signifi­
cance must be included in base indicators (HIj)' The disturbances 
from cattle and sheep; CATj and SHEj, need coefficients (RVD/AUM) 
as do the attractions from big game, EW + DW + MW. Noise has an 
unknown relationship in this framework. Induced demands or mixed 
motive users are not distinguished. 

6. Concentrated camping 

The supply and demand relationships used for concentrated camping 
tried to estimate the demand to expand the facilities from an allo­
cated regional demand and campground use by miners. 

m 

(supply) CCSUPj: CMPSj - CMPexpj < CMPjpresent (63) 

(demand) CCDEMj: CMP - < CMPS-J - J 
(64) 

r CMP j 2.. CMP reg .dem. + r V t IPH,II, ( 65) 
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j ::: 

CMPSj ::: 

CMPexpj ::: 

CMP' J 
::: 

CMPjpresent ::: 

CMPreg.dem. = 

V9., = 

actual campground 

defining variable 

expansion in campground capacity required to 
satisfy demand 

present camping ut i1 izat ion 

present campl.ng availability 

demand for camping in study area 

increase in camping 

IPH = binary variable on new phosphate ml.ne 
9., 

While the Forest Service is not considering providing a new 
campground, the supply equation permits the supply to increase and 
identifies the point when demand becomes sufficient to warrant a new 
campground. Camping demand from firewood cutters is calculated in 
CMPreg.dem •. Cattle and sheep are excluded from developed camp­
grounds. Any new campground is assumed to require road access. 

7. Roads 

The equations for roads compare current traffic capacity with 
that needed to service users and indicate an improvement project when 
needed. 

RODj: IPh - IRI - 1R3 ~ a (new road provided for new 

phosphate mine) 

ILog - IR2 

timber sale) 

IR3 ~ 0 (new road provided for new 

9., = index on road networks 

IR~ ::: binary variable on ~th road network 

(66) 

(67) 

It is difficult to isolate the cost of roads required to provide 
for a timber sale, but the model does require road access to a sale 
site. Road construction is the responsibility of commercial opera­
tors. Even though other use of mine roads is generally restricted, 
they would be included in IR~' However, the proposed new mine at 
Diamond Creek would use a county road. Major _sedimentation problems 
can be associated with unimproved roads. One possible sediment 
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control project would be to close roads where erosion is a problem. 
Present restrictions on ORVs are factored into current use estimates. 
The model is not structured to add restrictions. 

8. Snowmobiling 

The same basic supply and demand structure 1S again used for 
snowmobiling. 

supply ssup· . ] . SNOSj - i: SjkSNk - E tjnIRn + rjt1pHt ~ SNOjpres 
kej n 

demand SDEMj: SNOj ~ SNOSj 

ESNOj ~ SNOreg.dem. + EVt 1PHt 

j index on aggregated units 

k = index on kth snowmobiling project 

t index on tth new phosphate mine 

n index on nth road network 

SNOSj = defining variable 

Sjk = snowmobiling in ] provided by kth project 

SNk fraction of kth project undertaken 

tjn = snowmobiling in j provided by nth road network 

IRn = binary variable on nth road network 

SNOjpres maX1mum present snowmobiling 1n j 

SNOreg.dem. demand for snowmobiling in study area 

V
t 

= snowmobiling demand from new phosphate mines 

IpH~ = binary variable on new phosphate m1ne 

r = snowmobiling lost from new m1ne 

(68) 

(69) 

(70) 

Snowmobiling is mainly a function of the availability of roads, 
tjn. especially roads with scenic loops. Increased demand is 
assoc1ated with miners coming into the area, and loggers and oil and 
gas explorers could be added if desired. Elk and moose viewing was 
assumed not to have a significant influence on use. 
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9. ORVs 

The supply and demand equations for offroad vehicles were: 

supply ORSUP' . 
J' ORVSj - L Ojk ORk - L rjQ, IRQ, + 

kej 
LPjq PHq ~ ORV pres 

demand ORDEMj: ORVj ~ ORVSj 

LORVj ~ ORVreg.dem. + L Vq PHq 

q = index on phosphate m~nes 

j = index on aggregated units 

k index on ORV opportunity from kth 

Q, = index on road networks 

ORVSj = defining variable 

project 

(71) 

(72) 

(73) 

°jk = ~ncrease ~n ORV opportunity ~n J from enhancement 
project k 

ORk = fraction of ORV project undertaken 

r' JQ, change ~n ORV opportunity ~n J from road network Q, 

IRQ, = binary variable on network Q, 

ORV pres = current ORV opportunity 

ORV' J = ORV demand ~n j 

ORVreg.dem. = ORV demand in study area 

Vq = ORV demand from new phosphate m~nes 

PHq = binary variable on new phosphate mines 

ORV users are assumed to avoid restricted areas. Avoidance of 
these is included in the supply estimates, and adjustments would have 
to be calculated for projects that change restricted areas. The ORV 
increase from firewood cutting and other recreation and commercial 
uses of the study area were assumed covered in the primary demand 
estimates. 
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10. Fishing 

Supply and demand for fishing were represented by the relationships. 

supply FISUPj: FISSj - L fjkFk - E rjmIRm-
kej mej 

CjFHj ~ FISjpres 

demand FIDEMj: FISj ~ FISSj 

E FISj 2. FISreg .dem. + r V Q,PHQ, 
j 

j index on watershed unit 

k = index on fishing enhancement project 

m = index on road network 

t = index on new phosphate mines. 

FISSj = defining variable 

fjk = increase 1.n fishing enhancement project 

Fk = fraction of fishing enhancement project 

built 

built 

rjm = increase in fishing opportunity in j from road 
network m 

lRm = binary variable on road network m 

Cj = change in fishing opportunity in j from change in 
fish habitat 

FHj fish habitat 1.n j 

FISjpres = current fishing opportunity 

FISj = fishing 1.n j 

FISreg.dem = fishing demand 1.n study area 

VQ, = change in fishing demand from new m1.ne t 

PH
t = binary variable on new phosphate mines 
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11. Fish habitat 
The index used to represent the quality of fishing habitat was 

FHABj = FHABpres - SEDj - WQIj 

where 

FHABpres = (100 - I(PRR - 45)2) x SUBSTRATE x SEDIMENT + COVER 

SEDj is Equation 35 

WQlj = 48.78 + .019 (% logged x area) + .26 (AUM/stream mile) 

J = index on watershed unit 

SED-
J = sedimentation index 

WQI-J = Ramzi's water quality index 

PRR = pool-riffle ratio 

SUBSTRATE = predominant substrate 

SEDIMENT = present sedimentation level 
COVER = percent of cover in reach 

The impacts by other uses on fish habitat are expressed via 
SEDj and WQlj' Only roads were assumed to cause significant 
sed1mentation. Logging and cattle grazing were assumed to add pri­
marily to nutrient concentrations. ORV use away from roads was 
assumed not be causing problems. 

12. Runoff 

The hydrologic relationships derived through the watershed 
modeling, when converted to the form required by the model, were: 

yield: WYLD­
J = WYLDjpres + L b j 2 IpH !(. + l: Cij CAT j 

Q, i 

peak flow: PFLOj = PFLOpres + L 

P 
+ L djk LOGk 

k 
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i = index on land units 

j index on watershed units 

k index on timber sales 

~ index on new mines 

WYLDjpres = present or baseline yield from j 

ajk = change in yield in j per 1,000 bd ft harvest from k 

LOGk = amount of harvest ~n timber sale k 

bj~ change ~n yield ~n j from new phosphate mine ~ 

IpH = binary variable on new phosphate mine ~ 
~ 

CUj = consumptive use ~n j 

PFLOjpres = current peak flow ~n j 

rjp = change ~n peak flow in j from road network·p 

CATi = 

S" = 1J 

binary variables on road network p 

change in peak flow from cattle AUMs 

cattle AUMs in i 

change in peak flow from sheep AUMs 

sheep AUMs in i 

Pj~ = increased yield from mine ~ 

djk increased yield from timber sale k 

Runoff impacts of surface disturbing uses are expressed in terms 
of peak flows and annual yields. Cattle and sheep impacts proved 
negligible at grazing levels actually occurring. 

13. Water quality 

Three water quality indices were constructed. Nutrient loadings 
were assumed as contributions from logging and mining added to base 
values. Sediment loadings were assumed to be also caused by cattle, 
sheep, and roads. 
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Nitrogen: 

Phosphate: 

Sediment: 

NITj = NITbaseline + L: ajk LOGk + L: PjQ, IPH Q, 

PHOj = PHObaseline + E bjk LOGk + [qjQ, IPH Q, 

SEDj = 0.02) FLOj + SEDbaseline + E Cj ,h LOGk 

+ E r' JQ, IPHQ, + E dij CATi + L: fij SHEj +L:Sjk 

i == index on land units 

j ;:; index on watershed units 

k == index on timber sales 

Q, == index on new mines 

m ::: index on road networks 

NITbase = baseline nitrogen index 

PH~ase = baseline phosphate index 

SEDbase = baseline sediment index (12 mg/l) 

LOGk .= timber harvest from kth sale 

(82) 

(83) 

IRk 

(84) 

ajk = change in nitrogen or j per 1000 bd ft from sale k (0) 

bjk = change in phosphate on j per 1000 bd ft from sale k (0) 

Cjk change 1n sediment on J per 1000 bd ft from sale k (0) 

IpHQ, = binary variable on new mine Q, 

PjQ, = c~ange 1n nitrogen in j from new m1ne Q, 0.2 mg/l/acre 
m1ne 

qjQ, == c~ange in phosphate in j from new m1ne Q, 0.2 mg/l/acre 
m1ne 

r' = change 1n sediment in j from new mlne Q, 12 mg/l/acre 
J Q, 

dij = sediment from cattle AUMs 

CATi ::: cattle AU11s 

F' . 1J == sediment from sheep AUMS 

SHEi = sheep AUMS 

Sjk = sediment from road network k (1.0 per mi) 

IRk == binary variable on road network k 
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Pjm = sediment change from mitigation project 

Pm = binary variable on sediment project m 

FLOj = flow in watershed j (flow in cfs) 

The Modeling Process 

The construction of a data file that describes the linear pro­
gramming problem in a format compatible with commercially available 
solution packages can require extensive effort if done by hand. When 
the decision was made to use LP to generate Pareto optimal alterna­
tives t little was known about the details, but it was obvious with 343 
land units that the model could become quite large. Therefore, two 
computer programs were written to automate the process of model 
building and applied as illustrated in Figure 13. 

The two programs were a preprocessor (that converts the raw data 
describing 343 land units into coefficients, right-hand sides, and 
bounds) and a matrix generator (that reads the output of the prepro­
cessor and acts on a set of instructions to produce the desired LP 
problem file). Both programs were written in PL/r. The preprocessor 
is specific to this project in that it takes the raw data describing 
the Upper Blackfoot study area and generates the numerical values of 
the coefficients and right-hand sides of the equations for each land 
unit that makes up the linear model. Any change in the way these 
quantities are estimated is expedited by a programming change in the 
preprocessor. The computer programming is relatively simple and can 
be easily revised. 

The more time consuming activity involved in producing a linear 
programming model is that required to specify the numeric values of 
the linear problem in the rigid format required by most LP packages. 
The process requires assignments of unique alphanumeric names to all 
rows and columns in the problem and of numeric quantities to all 
coefficients, bounds, and right-hand sides. For a problem of the size 
of that in this study, this amounted to the generation of several 
thousand records of alphanumeric data, with row and column names 
s~scripted by use and unit. To speed the constru6tion of this data 
set, a general purpose matrix generator (MG) was written and is 
reproduced in Appendix C.The MG reads and acts on instructions for 
rapidly generating row and column names, reading numeric information, 
performing simple computations on-that data as necessary, and placing 
the results in a disk file in the proper LP format. The MG can handle 
binary and integer variables, as well as separable programming prob­
lems with convex sets. It generated the LP problems used in this 
study in less than 30 seconds of CPU time. Use of the MG facilitates 
rapid problem restatement as necessary and virtually eliminates the 
key stroke errors that typically plague models of this type. 

The last step in the modeling process is the generation of a 
solution to the LP problem. This was done using the TEMPO linear 
programming package available on the University B-6800 computer. 

152 



Raw dnta 
on 343 
land units 

Coefficients, 
right-hand­
sides, hounds 

LP Model 
in standard 
format 

Solution to 
LP problem 

preprocessor 

matrix 
generator 

commercial 
LP solution 

package 

Rules for computing 
coefficients, RHS, bounds, 
for 18 aggregations of 
land units 

instructions 
to matrix 
generator 

Computer program which 
interprets a set of 
instructions and r~ads 

input data, as necessary, 
to construct n linear 
proo,rammin~; proh l('m in 
standard format 

Figure 13. Construction of the linear programming modeL 
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Results 

The allocations of uses maxlm1zing benefits are presented with the 
phosphate mine on Table 38 and without the mine on Table 39. The 
results minimizing energy consumption are presented on Table 40. As it 
turned out, phosphate mining completely dominates the other uses in 
terms of benefits, and a second optimization was run. 

Without phosphate mining, the maximum benefit solution concen­
trates on logging development with associated firewood cutting and 
grazing by deer with associated hunting. Present observations and 
logical extrapolations favor a more mixed combination of activities. 
This information can be brought into the model by reducing the mar­
ginal economic values used for logging and deer to the lower values 
that would be associated with these high use rates. However, such 
adjustment runs did not seem warranted at this point because the 
analysis that could be consummated within the scope of this project 
proved to be heuristic rather than prescriptive. A prescriptive 
analysis would require careful review and revision of the entire 
process of data gathering now that an overall computational framework 
has been established. 

Sensitivity Analyses 

There is typically a wide range in the quality of the data 
available for planning. The values of some coefficients may be 
accurately known, while others may only be available as order-of­
magnitude estimates. Since the solutions obtained from the model may 
be sensitive to coefficients and constraint values for which the 
estimates are uncertain, sensitivity analyses are desirable. Most 
commercially available linear programming software packages have 
procedures for conducting post-optimal sensitivity analyses on right­
hand side values, on objective function coefficients, or on coeffi­
cients in the linear A-matrix. These procedures are collectively 
known as parametric analyses. 

To perform a parametric analysis on a selected right-hand side, 
the constraint is written as 

(85) 

where 

ai 1S the Slze of increment to be considered on bi 

0= 1, ••• , n are the numbers of the increments to be added 

After each selected right-hand side is incremented by its particular 
ai, the linear problem is resolved in a relatively few simplex 
iterations. The amount of change in the results indicates how sensi-
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Table 38. Results of model optimization maximizing benefits with phosphate mine. 

Benefit $928,000,000 Energy 8,100,000,000,000 BTU 

TYIELD = 165 FHAB = 491 NIT = 0.228 mg/I PHO 0.230 mg/l SED = 190 mg/I 

Large t Uses 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

CAT (AUM) 5863 650 0 0 0 0 4487 0 0 0 0 0 0 0 0 0 0 0 

CMP (RVD) 0 0 0 200 0 0 0 0 0 0 0 0 120· 0 0 0 0 0 

DW (AUM) 396 723 105 771 905 1 447 3118 133 825 753 2 153 1026 6 390 11 

EW (AUM) 1428 0 366 0 0 3 0 0 0 0 0 0 2 0 0 0 0 0 

I-' FIRE 
VI (cords) 8280 1983 1045 9 1318 o 29663 124911 15905 0 0 0 o 40958 13722 0 0 0 VI 

FISH (RVD) 89 125 0 0 63 0 62 8 o 165 12 0 267 13 3406 223 61 0 

HI (RVD) 525 160 120 36 152 22 208 322 17 29 66 0 23 102 25 14 14 0 

HU (RVD) 2546 1320 861 717 1475 93 1343 3569 342 735 905 2 415 1492 235 421 452 9 

LOG (1000 
bd ft) 397400 o 1045200 9200 48200 0 0 0 0 0 0 0 0 0 0 0 0 0 

MW (AUM) 0 0 597 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 

ORV (RVD) 3542 940 1890 372 922 80 4140 3500 570 01310 0 0 1190 100 360 740 0 

SHE (AUM) o 2382 1603 0 o 11 0 0 0 0 0 6 1898 0 0 0 0 0 

SNO (RVD) 1322 611 320 263 803 42 602 956 249 o 248 0 275 628 256 277 454 0 

YIELD (AF) 32 13 10 6 11 1 19 22 7 7 7 0 7 10 .4 3 5 0 



i-' 
V1 
0\ 

TQ.ble 39. Results of model optimization maximizing benefits without phosphate mine. 

TYIELD = 165 

CAT (AUM) 

CMF (RVD) 

DW (AUM) 

EW (AUM) 

FIRE 
(cords) 

FISH (RVD) 

HI (RVD) 

HU (RVD) 

LOG (1000 
bd ft) 

MW (AUM) 

ORV (RVD) 

SHE (AUM) 

SNO (RVD) 

YIELD (AF) 

Benefit $3.210,656 

FHAB = 489 

1 2 

5926 587 

o 0 

396 723 

1411 0 

·8280 1983 

89 125 

514 160 

2636 1325 

3 4 5 

000 

o 200 0 

105 771 905 

388 0 0 

1045 9 1318 

o 0 63 

121 36 152 

876 717 1475 

397400 0 10452009200 48200 

o 0 592 0 0 

3542 940 1890 372 922 

a 2356 1629 0 0 

1322 611 320 263 803 

32 13 10 6 11 

NIT = 0.095 mg/l 

Large Unit Uses 

6 7 8 9 

o 4487 o o 
o 0 0 0 

1 447 3119 133 

o o o o 

029663 124911 15905 

o 62 0 0 

22 208 322 17 

93 1343 3569 342 

o 
6 

o 
o 

o 
o 

80 4140 3500 

11 0 0 

42 602 956 

1 19 22 

o 
o 

570 

o 
249 

j 

Energy 92,400,000,000 BTU 

PHO = 0.097 mg/l SED = 190 mg/l 

10 11 

o 0 

o 0 

825 753 

o 0 

o 0 

165 12 

29 66 

735 905 

o 0 

o 0 

01310 

o 0 

o 248 

7 7 

12 13 14 

o 0 0 

o 120 0 

2 153 1026 

000 

15 16 

o 0 

o 0 

69 425 

o 0 

17 

o 
o 

390 

o 

o 0 40958 13722 0 0 

o 267 13 3406 223 61 

o 23 102 25 14 14 

2 415 1492 235 421 452 

o 0 0 

2 0 0 

o 0 1190 

6 1898 0 

o 275 628 

o 7 10 

o 
o 

o 
o 

o 
o 

100 360 740 

000 

256 277 454 

4 3 5 

18 

o 
o 

11 

o 

o 
o 
o 
9 

o 
o 
o 
o 
o 
o 
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Table 40. Results of model ion. 

Benefit $2,236,023 

TYIELD = 154 FHAB = 252 

CAT 

CMP (RVD) 

mJ (AUM) 

EW (AUM) 

FIRE 
(cords) 

FISH (RVD) 

HI (RVD) 

BU (RVD) 

LOG (1000 
bd ft) 

M\.J (AUM) 

bRV (RVD) 

SHE (AUM) 

SNO (RVD) 

YIELD (AF) 

1 2 
a 1073 

a 0 

o 0 

717 0 

o 0 

o 0 

498 0 

2204 725 

o 0 

600 0 

3542 940 

3900 0 

o 272 

30 12 

3 4 
o 6226 

o 116 

o 737 

o 0 

o 0 

o 0 

86 35 

731 688 

0' 0 

o 0 

o 0 

o 0 

o 0 

7 7 

------~----------------------------------------

Energy 19,800,000,000 BTU 

NIT = 0.095 mg/1 PHO = 0.097 mg/l SED = 175 mg/l 

Large Unit Uses 

5 
o 
o 
o 
o 

6 
o 
o 
o 
3 

7 
o 
o 
o 
o 

8 
o 
o 
o 
o 

o 0 

o 0 

o 40000 

o 0 

o 0 39 222 

o 0 972 980 

o 0 0 

o 0 0 

o 80 1468 

o 0 0 

o 42 602 

10 1 16 

o 
o 

3500 

o 
956 

22 

9 
o 
o 
o 
o 

10 
o 
o 
o 
o 

11 12 
o 0 

o 0 

o 0 

o 0 

o 0 o 0 

o 0 o 0 

42 0 

o 0 

13 3 

o 0 

o 
o 

570 

o 
o 
7 

000 

o 0 0 

o 1310 0 

o 0 0 

000 

7 7 0 

13 
o 

60 

o 
o 

14 
o 
o 
o 
o 

15 
o 
o 
o 
o 

16 
o 
o 
o 
o 

17 
o 
o 
o 
o 

18 
o 
o 
o 
o 

o 
o 

18 

o 

o 0 

o 3000 

o 
o 
o 
a 

o 
o 
2 

o 

o 
o 
o 
o 

69 23 

o 0 

o 0 

o 0 

o 1190 

o 0 

o 628 

6 10 

000 0 

o 000 

100 360 740 0 

000 0 

o 000 

4 3 5 0 



tive the solution (both the objective function and the model outputs) 
is to estimates of right-hand side values. Similar parametric methods 
are available for examining model sensitivity to objective function 
and A-matrix coefficients, though these are generally more costly to 
run. No parametric sensitivity analyses were performed on the LP 
model used in the study. 

Another type of post~optimal analysis available on most commer­
cial LP packages is RANGE analysis. This sensitivity analysis method 
requires no additional simplex computations. It produces information 
about the range over which the values of rows or columns can vary 
without changing the solution. For the LP/model used in the study, 
one RANGE analysis was conducted. It was done from an optimization 
run which maximized dollar benefits from the study area while limiting 
energy consumption to 5.6l7xlOlO Btu (a midpoint between its values 
for the solutions without mining on Tables 39 and 40). The RANGE 
analysis indicates that the solution is not sensitive to any of the 
objective function economic coefficients, except those for firewood and 
fish and moose habitat. For these variables, the amount of use appears 
to be sensitive to unit benefits on relatively few land units. No other 
obvious points of sensitivity were found though it should be remem­
bered that this type of analysis does not provide information on model 
sensitivity to A-matrix coefficients. 

Alternative Futures 

The linear programming model also provides a capability to 
consider potential future states. A future state defines the combina­
tions of constraints, used in the linear programming model. For 
example, alternative futures may be specified by a set of demands for 
forest products or a set of production levels for the commercial uses 
including the amount of phosphate taken from each mine and the loca­
tions of oil and gas exploration. 

Continuing with this example, demand estimates for forest prod­
ucts can be made from regional population projections and assumptions 
on regional per capita consumption of those products. If firewood 
consumption is now 0.01 cords per capita and in 20 years the popula­
tion of the region will double and per capita consumption of firewood 
will increase by 30 percent due to rising energy prices, then the per 
annum demand for firewood 20 years hence becomes 2.6 times the present 
demand. This number could then be used in an alternative future. A 
slightly expanded approach is to use three alternative futures, 
perhaps, high demands/production levels, low demands/production 
levels, and probable demands/production levels. 

Alternative futures can also be used to display the use conse­
quences of various societal goals. The model can also evaluate 
diverse goals for reasonability and compatibility. 

In formulating the alternative futures, care should be taken to 
avoid demand sets that are infeasible (logically impossible). The 
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an'alys is might explore a subset of the noninferior surface by selec­
tively and systematically varying a few parameters of a "probable" 
future and observing the nature and degree of shifts in optimal land 
management projects and the tradeoffs these imply. 
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CHAPTER 7 

REVIEW AND CONCLUSIONS 

Planning Complexity 

This study provides an empirical example of the complexity of the 
diverse goals, activities, and interactions that belie the superficial 
simplicity in which comprehensive land use planning is often advocated. 
In the real world, many people engage in a variety of activities while 
pursuing diverse goals and thereby interact with one another in many 
ways. The principal need in planning to provide for an optimal mix of 
activities is to simplify this complexity, first by separating the 
important from the trivial (or at least minor) and then by providing a 
structure for identifying and examining the important tradeoffs. 

Obviously, human goals are diverse. Each individual has a variety 
of goals and must weigh tradeoffs among them in decision making. 
Groups mean more goals, conflicting individual decisions, and politi­
cal resolution of differences. In the high mountain context, the 
diversity of specific goals collapses into the two dominating general 
ones of economic gain and environmental amenity. The major differ­
ences in use preferences collapses into a conflict between economic 
development and environmental preservation. 

People use (directly or in absentia) mountain areas to pursue both 
general goals through numerous activities. For this study, 21 activi­
ties or uses were defined and classified two ways (~able 7). Decision 
making can be dispersed or centralized, and the predominant goals can 
be economic or environmental. Also, these human activities occur in 
the context of various physical and ecological processes that can be 
considered as natural uses. 

The planning complexity, however, comes less in defining the 
values or the activities than in identifying and quantifying inter­
actions among .activities. It is the interactions that cause partici­
pants in one activity to want another activity curtailed and that 
cumulatively set physical upper limits to use. However, these inter­
actions have not been sufficiently well quantified for planning 
comparisons and uncertainty as to their nature and magnitude creates. 
the primary constraint to planning objectivity. 

Interaction Analysis 

Interactions originate in both technical (physical) and social 
(psychological) relationships. Technical relationships affect other 
uses by changing the physical setting, and social relationships affect 
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other uses by changing perceptions or the way people interface with 
one another within that setting. Both types of relationships may be 
either complementary (positive) or competitive (negative), and each 
activity both imparts and absorbs interactions. Using the three above 
activity classifications (human activity for economic gain, human 
activity for environmental contact, and natural uses), one can clas­
sify dominating interaction types as shown in Table 41. 

As shown in Figure 9 and described in the associated text, tech­
nical interactions (primarily Interaction 1) can be either positive or 
negative. In aggregate, however, they tend to be negative and increas­
ingly so with greater activity intensity. As greater amounts of an 
economic activity (lumbering, mining, or grazing) are undertaken, it 
tends to become increasingly competitive with other economic activi­
ties and with natural land uses. A few scattered mining or lumbering 
efforts can be separated from one another and absorbed much more 
easily by the environment than can major operations. 

The effects of low levels of economic on environmental activities 
(Interaction 2) tend to be social in character and negative in direc­
tion. Economic activities tend to disrupt the environment in ways 
that reduce the satisfaction received by people pursuing environmental 
enjoyment. The effects of environmental activities on economic 
activities (Interaction 4) also tend to be social and negative. 
People visiting a high mountain watershed tend to interfere with local 
economic actlvlties. The relationships tend to become increasingly 
competitive in both directions with greater activity intensity. 
Greater economic activity causes greater environmental disruption, and 
more environmental visitors create greater pressure to exclude eco­
nomic activity from favorite areas. 

The interactions among environmental activities (Interaction 5) 
are largely social in character and complementary at lower activity 
levels (recreationists prefer some other recreationists around to 
complete isolation and families are attracted to an area by possibil­
ities for participating in more than one activity). However, they 
become competitive at high use levels (wilderness recreationists, 
while shunning complete isolation, have a low tolerance for crowding). 
In high mountain areas, one would expect environmental activity levels 
to be below the intensities at which the social relationships change 
from complementary to competitive. However, the empirical evidence is 
not clear, and different investigators have come to conflicting 
conclusions. Vaux and Williams (1977) found convenient access and 
aesthetic attractiveness to dominate the effects of congestion in 
explaining visitation to wilderness areas. Cicchetti and Smith (1973) 
stress the importance of going to a pristine wilderness where conges­
tion is intolerable. 

In reviewing the six interaction types in the reduced matrix of 
Table 41 (Interaction 1), one would expect the technical impacts to 
predominate in the area immediately surrounding economic development 
(separation of recreationists from mines or attraction of snowmobilers 
to roads for examples). However (Interaction 2), for the area as a 
whole, the negative social impacts of economic development on environ­
mental activities may be even stronger. As one thinks along the 
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Table 41. Dominating types of interactions among combinations of 
activity groups. 

Imparting Activity Group Absorbing Activity Group (Table 7) 

Economic 

Environmental 

Economic 

(E)2 

l.b Negative 
Technical 

4. Negative 
Social 

aLetters match Table 7. 

Environmental 

(R) 

2. Negative 
Social 

5. Positive 
Social 

Natural 

(N) 

3. Negative 
Technical 

6. Minimal 

bNumbers designate interactions discussed in the text. 

spectrum of increasing activity intensity, economic uses can generally 
(Interaction 1) avoid one another.at low intensities; and (Interaction 
3) animals, fish, and runoff are relatively unaffected by use intensi­
ties that are very upsetting to wilderness recreationists. Also, low 
intensity activity by environmental users is (Interaction 4) unlikely 
to cause major harm to economic uses, and the (Interaction 5) parti­
cular set of environmental {recreation} uses occurring in Upper Valley 
are not highly complementary to one another. Certainly, (Interaction 
6) the current low level of environmental use has little effect on the 
natural environment. 

The negative technical impacts (Interaction 1) proved relatively 
easy to quantify for the planning model, generally in the form of 
restricting one use from an area already taken by another. However, 
separation becomes increasingly difficult with increased competition 
for land and water, and greater development intensities force planners 
toward multiple use designs that· minimize conflicts between simultan­
eous or series uses among activities at the same location. Multiple 
use, already well engrained into Forest Service terminology, will be 
forced to move from multiple uses scattered over a watershed to 
multiple uses within a given land unit as natural resources become 
more fully developed. A better understanding of the interactions that 
occur at this level must be developed. 

On another front, specific negative social impacts of economic 
on environmental activities (Interaction 2) are generally the first 
constraint to wilderness preservation that planners must face, but 
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these constraints (like the tradeoffs above) are poorly understood. 
In the face of uncertainty, the tendency is to prevent all economic 
activity on principle rather than to weigh tradeoffs considering the 
economic loss associated with the environmental gain. For initial 
reconnaissance, Figure 9 identifies interactions that need to be 
watched for negative social impacts of economic on environmental 
activities. The primary impacts are those of lumbering, mining, and 
grazing on recreatiqn. Recreation (Table 7) can be roughly divided 
between mechanized (firewood cutting, hunting, snowmobiling, and 
off-road vehicle use) activities and visits focused on a wilderness 
experience (hiking and camping, viewing the old Oregon Trail, and 
fishing). Seekers after a wilderness experience would generally be 
more sensitive to economic development, and these uses need to be 
particularly watched. They are shown in Figure 11 as impacts 16, 18, 
22, and described in more detail in the accompanying text. 

Negative social interactions are also significant in that they 
occur over areas much larger than land units and introduce many of the 
scoping issues discussed in the beginning sections of Chapter S. 
Activities that are not wilderness oriented impact on wilderness 
activities over large areas and long time spans. 

Recommendations for Continued Index Development 

This study quantified goals, measured uses, and selected a 
combination of uses that maximized goal achievement. Yet, the exer­
cise leaves a sense that optimality was not achieved. Probing shows 
the problem to be in representing interactions, the adverse effects of 
one use on another that initially motivated the comprehensive planning 
movement more than 50 years ago. 

In fact, successful water and related land use planning is tied 
to understanding interactions among uses in a wide variety of local 
contexts. Once the interactions Can be quantified, applications 
require data collection, indexing, analysis, and model building. The 
variety of contexts, volume of relevant information, and complexity of 
the relationships suggests a major research and implementation effort. 
However, available resources are limited; initiation of the systematic 
collection of many new data items is not now possible; and indexing 
efforts need to be directed toward cost effective contributions. 

What directions are currently cost effective? The value of 
information to a decision maker is a function of its reliability and 
relevance. Reliability refers to the correspondence between the state 
of the world and what the information says is the state of the world. 
Relevance is determined by being perceived as germane (is it under­
standable? does it fit in a practical context?) and important (does it 
describe a feature of the world to which satisfaction of objectives is 
believed sensitive?). 

Generating reliable information generally requires systematic 
measurement of carefully selected time series. For example, a wealth 
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of data exists on the Upper Blackfoot, but we cannot feel very confi­
dent about model results. The data are not sufficient. The motiva­
tion to collect more time series, though, depends on the 
perceived relevance of the data. Thus, a serious problem in inauger­
at a good index system is that changing values may undermine data 
collection efforts by making them appear irrelevant over time. 

This might lead one to recommend (or resign oneself to) less 
rigorous data collection because financial and political exigencies do 
not permit the luxury of full scientific rigor. In that case, one 
would want to focus on techniques for approximating desired indices 
with acceptable reliability. 

Further review of the Upper Valley case study, however, suggests 
that the current need is not for an extensive program of indexing for 
planning applications. The greater present need is for research to 
develop indices suitable for scientific studies to develop relation­
ships describing interactions and to develop models for defining 
collective interactive impacts. Such efforts do not have the high 
cost of nationwide data collection systems as they instead focus on 
specific areas for the limited times required to collect and analyze 
information for developing a needed understanding. They also draw 
attention to the real limitation to objective planning by demonstrat­
ing what is needed to make it a reality. 

Contribution of this Study 

The contribution of this study was in formulating and testing 
a structure that broke new conceptual ground even though it fell short 
of definitive quantification of desirable uses in the selected case 
st~y area. In the Upper Blackfoot study area, the demands for most 
uses are low. In fact, they are so low that decreasing marginal 
values are often more important than interactions in restricting 
activities. In other words, demands were insufficient for uses to 
reach levels at which interactions are significant. 

This situation meant that interactions were- difficult to quantify 
because the events to be observed occur infrequently. Even where 
observations could be made, the character of the interactions would be 
expected to change with increased use intensities. For example, the 
few hikers and fishermen are so dispersed that they are very difficult 
to locate and question to obtain needed information. When they can be 
found, their concepts of interaction are quite different than they 
would be if recreational crowd were severe. This quantification 
problem could be overcome, but the effort was not judged to be worth­
while in the context of this study. 

The present uses of Upper Valley conflict little with the overall 
best public interest, a situation that can be expected to continue at 
least as long as market conditions depress mining and logging activity. 
If larger future demands should raise these activities to levels 
exceeding the public interest, regulations restricting use would 
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probably provide the most effective control. Because both uses are 
controlled by centralized decision making (Table 7), such a regulatory 
program would not need to be structured to directly communicate with 
the public. 

Reiterating, the major contribution of this study is a framework 
for analysis, a skeleton on which research needs can be identified 
and prioritized. Many needed techniques are obviously still in the 
developmental stage, and many more quantifi~ations need refinement. 

Major topics requiring refinement are 1) the estimation of 
technical impacts of economically motivated uses on each other and on 
the natural environment, 2) the perceptions of wilderness oriented 
recreationists of other uses occurring in the area, 3) characteriza­
tion of the combination of attributes identifying the quality of an 
area for a use, and 4) characterization of overall planning models to 
represent the many levels and types of interactions. 

It has become almost commonplace for modeling to go beyond the 
support capabilities of available data. The data that exist often do 
not match the needs of planning models. Because of the poor match, a 
great deal of the effort going into both model building and data 
collection is unproductive. A conscious effort is needed for better 
coordination between the two act~v~t~es. Certainly, this study was 
halted by sparse information on where uses occur and how they interact 
with one another. 

The important point here is that analytic models to identify and 
quantify tradeoffs are the planning tools of the future, and that too 
little effort is going into developing advanced information systems so 
that they can be used to collect and organize the data that will be 
needed. For example, remote sensing technology is moving forward 
rapidly, has many spinoffs that could be developed for water planning 
applications, and needs to be applied. Researchers at Utah State 
University can now count big game in specified areas by remote sensing. 

Better data can give better results with existing models. 
However, as mountain areas become more intensively used, the uses will 
become more interactive. Perhaps input-output modeling concepts can 
be applied; more likely, some sort of nonlinear ~quation set will 
eventually be required. At this point, one can safely conclude that 
for the long run the development of nonlinear, interactive, dynamic 
models is just as important as additional data collection for better 
planning. But more sophisticated models cannot be developed without 
better data, and we must return to the theme of coordinating data 
gathering with model building. 

Returning to the theme of this report, indexing has an important 
role in data collection, model building, and planning. For the 
present, the primary role should continue to be predictive (deriving 
relationships needed for planning) rather than evaluative (applied 
planning optimization). The modeling done for this study demonstrates 
that the definition of quantitative relationships needs to be given a 
higher priority than quantifying values people put on known situations. 
This study has provided a structure for formulating those indices and 
guiding the needed data gathering and analysis. 
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APPENDIX A 

Questionnaire Procedure 

1. Select 10 people responsible for managing or acknowledged as 
experts with respect to each of the 8 specialized uses. These are 
commercial timber, cattle grazing, sheep grazing, wildlife habitat, fish 
habitat, phosphate mining, oil and gas exploration, and watershed 
runoff. 

2. Identify 10 people each who engage in each of the 7 public 
uses. These are firewood gathering, hunting, hiking, camping, snow­
mobiling, ORV use, and fishing. Total population questioned would thus 
be no more than 150. 

3. The experts on specialized uses will be asked for information 
on their speciality use, what public uses they personally participate 
in, and for information on their preferences with respect to those 
public uses. 

4. The participants identified with each of the public uses will 
be asked what other public uses they personally participate in and for 
information on their preferences with respect to those uses as well. 

Information Sought from Questionnaire 

1. Identification of attributes actually important to experts or 
those engaging in public uses. 

2. Estimation of preferences by values for those attributes (or 
of ranges of values within which the use is favorably regarded). 

3. Overall public regard toward (feeling of importance of each 
use) all 22 uses. The complete list of uses is relevant because of the 
need, for example, to differentiate between deer habitat and cattle 
range preferences. 

4. Perceived complementary or interference interactions with 
other uses. 

175 



Each person being interviewed has been identified either with 
one of eight specialized uses (commerical logging, phosphate mining, oil 
and gas exploration, cattle grazing, sheep grazing, wildlife habitat, 
fish habitat, or watershed runoff), or one of seven public uses (fire­
wood cutting, hunting, hiking and dispersed camping, concentrationed 
camping, snowmobiling, summer ORV use, or fishing). 

1. Ask Question 1 with respect to that particular use. 

2. Ask everyone Question 2 with respect to all seven public uses. 

3. Ask everyone Question 3. 

4. Many of those being interviewed with respect to a specialized 
use will respond to Question 2 that they also engage in public uses. 
For those that do so, ask whether they engage in that use in the Diamond 
Creek area. If so, ask Question 1 with respect to each use (to a 
max~mum of 7) that they engage in regularly or occasionally. If not, 
ask why they do not use the Diamond Creek area and write a brief explana­
tion on the Question 1 form. 

Many of those being interviewed because of one public use 
respond to Question 2 that they also engage in other public uses. 
those that do so, follow the above procedure with respect to those 
public uses (to a maximum of 6). 

will 
For 
other 

5. Ask everyone Question 4 (keeping ~n mind supplemental special 
topics where appropriate). 

6. Use S or P code on upper right hand corner to indicate respon­
dent type. 
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QUESTION 1: For people identified with 

P-1 Firewood Cutting 

Rate the following factors (beginning with 1 for the most important) 
according to their importance to you in deciding where to cut firewood. 
Connnents on what sort of situation you particularly seek with respect t.o 
each factor would be helpful. 

A. Number of dead trees in the 
innnediate area 

B. Size of dead trees 

C. Distance from trees to 
place where you can drive 

D. Distance you have to drive 
to get to the location 

E. Price per cord that you 
would have to pay for fire­
wood 

F. Ownership of the land 

G. 

Connnents 

Identify areas on the attached map where you have cut firewood in 
the last three years. 
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QUESTION 1: For people identified with 

P-2 

Rate the following factors (beginning with 1 for the most important) 
according to their importance to you in deciding where to hunt. Comments 
on what sort of situation you particularly seek with respect to each 
factor would be helpful. 

Rating Comments 

A. Predominant tion type 

B. Elevation 

C. Nearby stream 

D. Steepness of ground s 

E. Ownership of the land 

F. 

Identify the species that you have hunted during the last three 
years 
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QUESTION 1: For people identified with 

P-3 

Rate the following factors (beginning with 1 for the most important) 
according to their importance to you in deciding where to hike or camp 
along the trail. Comments on what sort of situation you particularly seek 
with respect to each factor would be helpful. 

A. Steepness of the ground slope 

B. Predominant vegetation type 

C. Elevation 

D. Aesthetic quality of the 
site 

E. Amount of visable landscape 

F. Proximity to a running stream ___ _ 

G. Following a road or main­
tained trail 

H. Ownership of the land 

1. 

Comments 

Identify routes on the attached map where you have hiked and loca­
tions where you have camped in the last three years. 
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QUESTION 1: For people identified with 

p-4 Concentrated Camping 

Rate the following factors (beginning with 1 for the most important) 
according to their importance in your selection of a campground. Com­
ments on what sort of situation you particularly seek with respect to 
each factor would be helpful. 

Rating Comments 

A. Predominant vegetation type 

B. View of mountains round about 

c. Aesthetic quality of the site 

D. Elevation 

E. Proximity to a running stream ---
---~.------------

F. 

What specifically attracted you to a campground in the Diamond 
Creek area? 
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QUESTION 1: For people identified with 

p-s Snm.mobiling 

Rate the following factors (beginning with 1 for the most important) 
according to their importance in your selection of a place to snowmobile. 
Comments on what sort of situation you particularly seek with respect to 
each factor would be helpful. 

A. Ownership of the land 

B. Steepness of ground slope 

C. Elevation 

D. Predominant vegetation type 

E. Aesthetic quality of the 
site 

F. Following a road or trail 

G. 

Rating Comments 

Identify areas on the attached map where you have snowmobiled during 
the last three years. 

181 



QUESTIO~ 1: For people identified with 

P-6 Summer ORV e 

Rate the following factors (beginning with 1 for the most important) 
according to their importance in your selection of a route for driving your 
ORV. Comments on what sort of situation you particularly seek with respect 
to each factor would be helpful. 

A. Ownership of the land 

B. Following a road or trail 

C. Elevation 

D. Aesthetic quality of the 
site 

E. Amount of visible landscape 

F. Steepness of the route 

Identify areas on the "attached map where you have driven your ORV 
in the last three years. 
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QUESTION 1: For identified with 

P-7 

Rate the following factors (beginning with 1 for the 
according to their importance to you in deciding where to 
on what sort of situation you consider ideal with 
would be helpful. 

A. Size of stream 

B. Flow velocity 

C. Characteristics of the 
stream bed 

D. Ownership of the land 

E. 

Rating 

most important) 
fish. Comments 
to each factor 

Identify areas on the attached map where you have fished during the 
last three years. 
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QUESTION 2. How frequently do you use the forest for each of the following 
activities? 

Occasionally Never 

Firewood Gathering 

Hunting 

Hiking 

Camping 

Snowmob iling 

ORV Use 

Fishing 
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QUESTION 3: How desirable do you feel it to be for your community that 
each of the following uses occur within the Diamond Creek 
area? 

Responses 

Uses 

Desirable and use should be increased 
Desirable but current use level about right 
Doesn't make much difference 
Undesirable and should be restricted 
Highly undesirable and should be curtailed 

1. Commercial Logging 

2. Firewood Cutting 

3. Phosphate Mining 

4. Oil and Gas Exploration 

5. Cattle Grazing 

6. Sheep Grazing 

7. Quality Deer Habitat 

B. Quality Elk habitat 

9. Quality Moose habitat 

10. Quality Crane habitat 

11. Hunting 

12. Hiking 

13. Camping 

14. Improved Roads 

15. Snowmobiling 

16. Summer Off-Road Vehicle Use 

17. Building 

lB. Visitation to Historical Sites 

19. Quality Fish Habitat 

20. Fishing 

21. Water Development for Livestock 

22. Management to Increase Runoff for 
Downstream Use 

1B5 

+2 
+1 
o 

-1 
-2 



QUESTION 4: For people identified with the particular use. 

Use 

How do you feel that your use of the Diamond Creek area is affected 
by each of the following uses? For your own use, respond in terms of the 
same use by others nearby. 

1. Commercial Logging 

2. Firewood Cutting 

3. Phosphate Mining 

4. Oil and Gas 
Exploration 

5, Cattle Grazing 

6. Sheep Grazing 

7. Deer 

8. Elk 

9. Moose 

10. Crane 

11. Hunting 

12. Hiking 

13. Camping 

14. Improved Roads 

15. Snowmobiling 

16. Off-Road Vehicle 
Use 

17. Building 

18. Visitation to 
Historical Sites 

19. Fish 

20. Fishermen 

21. Livestock Water 
Development 

22. Runoff of Water 
for Use Do~mstream 

C ornp le- Unde-
mentary Neutral sirable 

------ ----

-----

--- ---

----
---- ---~-

----------

------------
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APPENDIX B 

Estimation of Energy Consumption Coefficients 

Energy consumption coefficients per use unit were estimated for 
the eleven commercial and recreational uses involving significant 
human activity in the watershed and by using information in Tables 
Bl through B4. 

1. Commercial logging 

Energy for logging is used in felling, bucking, skidding, and 
transporting to the mill. The basic equipment consists of a chain saw 
for felling and bucking, a caterpillar for skidding and loading, and a 
truck for hauling. Additional energy used in road construction was not 
included, although new roads are anticipated for Timber Creek and most 
other significant sites. Also, the energy use per MBF is sensitive to 
transportation distance. 

Energy Consumption 

chain saw 
caterpillar 
truck 

Timber Production 

chain saw 
caterpillar 
truck 

2 gal/day x 125,000 Btu/gal = 250,000 Btu/day 
0.5 x 270 x 0.63 + 7.2 = 11.8 gal/hr x l36,000-Btu/gal 
0.10 mi/load + 6 mi/gal x 136,000 Btu/gal = 
227,120 Btu/load 

2 tree/hr x 160 bd ft/tree x 7 hr/day = 2,240 bd ft/day 
2.4 load/hr x 480 bd ft/load = 1,152 bd ft/hr 
3,000 bd ft/load 

(250,000 T 2,240) + 036,000 1-1,152) + (227,120 1- 3,000) = 
(111.6 + 118 + 75.7) x 1,000 bd ft/MBF = 305,300 Btu/MBF 

2. 

Energy is used to cut and haul firewood. The typical equipment 
LS a small chain saw and a pick-up truck. 

Fuel consumption: 

saw 
pickup 

0.75 qt/ .67 hr ~ 0.3 gal/hr (3-4 in3 engine) 
10 mpg 

Production cycle 

saw 
pickup 

1 hr/ cd 
1 cd/trip (trip = 24 mL in study area) 
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Table BI. Load factors for fuel consumption. 

Operating Conditions Type of 
Equipment Used Excellent Average Severe 

Wheel-type, on paved road 
Wheel-type, off highway 
Crawler-track type 
Power excavators 

0.25 
0.50 
0.50 
0.50 

0.30 
0.55 
0.63 
0.55 

0.40 
0.60 
0.75 
0.60 

SOURCE: David A. Day. 1973. Construction Equipment Guide. 
New York: John Wiley & Sons, p. 35. 

Table B2. Rail freight service and energy consumption, 1972. 

Direct fuel consumed 
thousand bbl/day 
million gal/year 
trillion Btu/year 
percentage of TDTE 

Service rendered 
vehicle-miles/year 
tons-miles/year 

Average efficiency 
Btu/ton-mile 
ton-miles/gal 

252 
3,874 

539 
2.93 

, N/A 
785,000 

(million) 

676 
204 

Source: National Research Council, Transportation Research 
Board. 1977. Energy Effects, Efficiencies and Prospects for 
Various Modes of Transportation. Washington, D.C. 
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Table B3. Force conversions. 

To 
Metric Foot-Pounds/ Kilocalories/ Btu/ 

From Horsepower Kilowatts Horsepower sec sec sec 

Horsepower 1 0.7457 1.014 550 0.1781 0.7068 
Kilowatts 1.341 1 1.360 102.0 737.6 0.9478 
Metric horsepower 0.9863 0.7355 1 542.5 0.1757 0.6971 
Foot-pounds/sec 1.82 x 10-3 1.356 x 10-3 1.84 x 10-3 1 0.3238 x 10-3 1.285 x 10-3 
Kilocalories/sec 5.615 4.187 5.692 3,088 1 3.968 
Btu/sec 1.415 1.055 1.434 778.2 0.2520 

SOURCE: D. B. Shonka, ed., Transportation Energy Conservation Data Book, 3rd ed. (Oak Ridge, 
Tennessee: Oak Ridge National Laboratory, Energy Division, February 1979; ORNL-5493 Special) p. A-9. 



Table B4. Heat contents of fuels. 

Coal 
Anthracite 
Bituminous 
Lignite 
Bituminous and 

lignite 
Production average 
Consumption average 

Natural gas 
Wet 
Dry 
Liquid 

Crude petroleum 

Fuel oils 
Residual 
Distillate 

Automotive gasoline 
AVGAS 
Jet fuel (naphtha) 
Jet fuel (kerosene) 
Lubricants 
Waxes 
Asphalt and road oil 
Petroleum coke 

25.4 x 106 Btu/short ton 
26.2 x 106 Btu/short ton = 
12.4 x 106 Btu/short ton = 

29.7 HJ/kg 
30.6 MJ/kg 
14.5 MJ/kg 

25.5 x 106 Btu/short ton 
22.8 x 106 Btu/short ton = 

27.5 MJ/kg 
26.7/MJ/kg 

1,095 Btu/ft3 = 
1,021 Btu/ft3 = 

95,800 Btu/gal 

40.79 MJ/kg 
38.04 MJ/kg 
3,569 MJ/kg 

138,100 Btu/gal = 5,145 MJ/kg 

149,700 Btu/gal = 41.73 MJ/l 
138,700 Btu/gal = 38.66 MJ/l 

125,000 Btu/gal 
124,000 Btu/gal = 
127,500 Btu/gal = 
135,000 Btu/gal = 
144,400 Btu/gal 
131,800 Btu/gal 
158,000 Btu/gal 
143,400 Btu/gal 

.34.84 MJ/l 
34.56 MJ/l 
35.54 MJ/l 
37.63 MJ/l 
40.25 MJ /1 
36.74 MJ/l 
44.04 MJ/l 
39.97 MJ/l 

SOURCE: D. B. Shonka, ed., Transportation Energy Conservation Data 
Book, 3rd Ed. (Oak Ridge Tennesse: Oak Ridge National Laboratory, 
Energy Division, February 1979, ORNL-5493 Special), p. A-5. 

SOURCE: Oak Ridge Associated Universities. 1980. Industrial 
Energy Use Data Book. Oak Ridge, Tennessee, pp. A-I, A-5. 
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Energy use 

(0.3 gal/hr x 125,000 Btu/gal. x 1 hr/cd) + 
125,000 Btu/gal x 1 trip/cd) = 337,500 Btu/cord. 

3. Phosphate mining 

The energy expended in phosphate mining depends on how much 
material must be moved what distance to extract a ton of phosphate and 
on the processing done at the site. On the average, 3.5 tons of over­
burden is moved for each ton of phosphate. The average ton is moved 
1,500 ft on the site, either to the plant or to a waste dump. The 
primary earth moving equipment, as indicated in the EIS, is a bulldozer 
and scraper. Fuel consumption for these vehicles is calculated as a 
function of horsepower, operating conditions and time in use. 
Productivity depends on vehicle capacity, speed and distance in the 
work cycle, and operating conditions. Vehicle specifications from 
Stubbs (1959) were used in determining fuel consumption and operating 
cycles. Energy use in beneficiation was estimated'from fuel estimates 
given in the EIS (V. II, 4-34), reduced by a factor of 34/58 to adjust 
for lowered post-EIS expectations . . 
Diamond Creek extraction 

Fuel Consumption 

dozer 
scraper 

Production 

dozer 

scraper 

0.5 x 270 x 0.63 ° . 5 x 450 x ° .55 
7.2 11.8 ga1/hr x 136,000 Btu/gal 
7.2 = 17.2 ga1/hr x 136,000 Btu/gal 

25 cycle/hr x 7.28 cu yd/cyc1e x 0.22 cu yds phos/cu yd 
x 2,300 Ibs/cu yd i- 2,000 1bs/ton = 45.9 tons/hr 
8.9 cycles/hr x 30 cu yd/cycle x 0.22 cu yds phos/eu yd 
x 2,300 1b/eu yd i-2,000 lbs/ton = 67.6 tons/hr 

01.9 gal/hr x 136,000 Btu/gal i- 67.6 tons/hr) + (17.2 gal/hr x 
136,000 Btu/gal i- 67.6 tons/hr) = 23,740 + 34,604 = 58,344 Btu/ton 

Diamond Creek beneficiation 

Consumption 

[(4.5 x 108 kwh x 0.9478 Btu/sec x 3,600 sec/hr) + (230,000 gal x 
125,000 Btu/gal) + (170,000 tons coal x 2.62 x 107 Btu/ton)] x 
34/58 = 3.528 x 10 12 Btu (over mine life) 

Production 

34/58 x 4.0 x 107 tons = 2.35 x 107 tons 
3.528 x 10 12 .;. 2.35 x 107 = 150,127 Btu/ton 
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Transportation 

12 mi x 676 Btu/ton-mi = 8,112 Btu/ton 
58,344 + 150,127 + 8,112 = 216,583 Btu/ton 

4. Cattle grazing 

Energy expended in cattle grazing ~s determined by the transporation 
required to get the cattle to their range and to monitor them during the 
grazing season. Estimates were based on an average round trip of 22 
miles to bring cattle into the study area and on one 30 mile maintenance 
trip per week per 140 AUM during the 3.5 months of the grazing season. 

Consumption 

cattle trailer 

pickup 

Production 

cattle trailer 
pickup 

22 mi/load f 6 mi/gal x 125,000 Btu/gal x 2 trips/ 
season = 916,667 Btu/season 
30 mi/trip + 12 mi/ga1 x 125,000 Btu/gal x 
12 trips/season = 5,750,000 Btu/season 

40 head/season x 3.5 AUM/head = 140 AUM/season 
700 AUM (200 head) 

(916,667 Btu/season f 140 ADM/season) + (3,750,000 Btu/season T 

700 ADM/season) 6,548 + 5,357 = 11,905 Btu/AUM 

5. Sheep grazing 

Estimation of the energy consumed in sheep grazing paralleled the 
approach for cattle, taking into account the following differences: 
more sheep can fit in a truck; one (cattle) AUM feeds more head of 
sheep; the sheep grazing season is shorter; sheep herders are continuously 
on site; trucking distances are shorter because of greater reliance on 
herding. 

Consumption 

sheep trailer 

pickup 

herder camp 

Production 

trailer 

18 mi/load f 6 mpg x 125,000 Btu/gal x 2 trips/season 
750,000 Btu/season 
30 mi/trip f 12 mpg x 125,000 Btu/gal x 4 trips/ 
season 
1,250,000 Btu/season 
60 days/season x 0.375 gal/day (kerosene) x 135,000 
Btu/gal 
3,037,500 Btu/season 

80 sheep/load x 2 sheep months/sheep x .2 AUM/sheep 
months 
32 AIJM 

194 



pickup 
herder camp 

120 AUH 
120 AUH 

(300 head) 
000 head) 

(750,000 Btu/season f 32 AUH/season) + (1,250,000 Btu/season f 120 
AUH/season) + (3,037,500 Btu/season f 120 AL~/season) 
23,438 Btu/AUH + 10,416 Btu/AUH + 25,313 Btu/AUH = 59,167 Btu/AUH 

6. Hunting 

Energy in hunting is expended in transportation and energy used on 
site. A pickup with camper is assumed. 

Consumpt ion 

pickup 
camper 

Production 

pickup 
camper 

30 mi/trip f 10 mi/gal x 125,000 Btu/gal = 437,500 Btu/trip 
255 gal/day x 135,000 Btu/gal x 1.5 days/trip = 
50,625 Btu/trip 

3 hunters/trip x 1.5 days/hunter = 4.5 days/trip 
3 hunters/camper x 1.5 day/hunter = 4.5 days/trip 

(437,500 f 4.5) + (50,625 f 4.5) = 108,472 Btu/day 

7. Fishing 

Energy in fishing is also expended in transportation and energy 
used on site. It was assumed that energy is used at the site in only 10 
percent of the angler days. 

Consumption 

pickup 20 mi/trip f 12 mpg x 125,000 Btu/gal = 208,333 Btu/trip 
camping 0.25 gal/day x 135,000 Btu/gal x 1 day/trip = 33,750 

Btu/trip 

Production 

pickup anglers/trip x 1 day/ang"ler = 2 days/trip 
camping 0.1 camper/day 

(208,333 Btu/trip f 2 days/trip) + (33,750 Btu/camp x .1 camp/day) 

= 104,167 + 3,375 = 107,542 Btu/day 

8. Hiking/dispersed camping 

Energy in hiking and dispersed camping is expended in transportation 
and energy used on site. Most of the user days are accounted for by 
miners spending the summer in Upper Valley in camper trailers, so camp 
site energy use is proportionately higher than would be expected in 
areas of predominantly recreational camping. 
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Consump t ion 

pickup 24 mi/trip 7 10 mpg x 125,000 Btu/gal = 300,000 Btu/trip 
camping .375 gal/day x 135,000 Btu/gal x 2.2 days/trip = 

111,375 Btu/trip 

Production 

pickup 20 campers/trip x 2.2 days/camper = 4.4 days/trip 
camping 2.0 campers/camp x 2.2 days/camp x 1 camp/trip = 

4.4 days/t rip 

(300,000 .;- 4.4) + 011,375 .;- 4.4) = 93,494 Btu/day 

9. Concentrated camping 

Energy in concentrated camping is expended in transportation, 
energy use on site, and campground maintenance. Maintenance combines 
general campground cleanup and repair at the opening of the season and 
the routine upkeep (e.g., trash removal). 

Consumption 

camper /t railer 

camping 

16 miltrip .;- 10 mi/gal x 125,000 Btu/gal = 
200,000 Btu/trip 
0.375 gal/day x 135,000 Btu/gal x 2.2 days/trip = 
111,375 Btu/trip 

a) routine maintenance 20 mi/hau1 7 10 mi/ga1 x 125,000 Btu/ 
gal = 250,000 

b) seasonal maintenance 20 mi/tdp';- 8 mi/gal x 125,000 Btu/gal 
= 312,500 

Production 

camper / trail er 
camping 
maintenance 

3.5 campers/trip x 2.2 days/camper = 7.7 
3.5 campers/trip x 2.2 days/canper = 7.7 
a) 8 days/can x 15 cans/trip = 120 user days/haul 

. b) 1000 days/trip 

(200,000 Btu/trip 7 7.7 days/trip) + 011,375 Btu/trip f 7.7 days/trip) 
+ (250,000 Btu/haul.;- 120 days/haul) + (312, SOD Btu/t rip flOO~ days/ 
trip) = 25,974 + 14,464 + 2,083 + 313 = 42,834 Btu/day 

10. Snowmobiling 

Snowmobiling consumes energy 1n transporation of the snowmobile and 
its use on site. 

Consumption 

pickup 
snowmobile 

10 mi/trip f 10 mpg x 125,000 Btu/gal = 125,000 Btu/tri 
50 mi/trip .;- 35 mi/gal x 125,000 Btu/gal = 178,571 Btu/ 
(440-500 cc engine) 
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Produc t ion 

pickup 
snowmobile 

3 riders/trip x 1 day/rider::: 3 days/trip 
1.5 riders/veh x 1 day/rider x 2 veh/trip ::: 3 days/trip 

(125,000 f 3) + 078,571 f 3) ::: 41,667 + 59,524 = 101,191 Btu/day 

11. ORVs 

Offroad vehicles may be either two or four wheeled. Motor bikes 
are assumed to be carried (not ridden) into the study area, and four 
wheel vehicles are assumed driven in. 

a) Mo torbi kes 

constmption 

transport 16 mi/trip f 10 mi/gal x 125,000 Btu/gal = 200,000 
Btu/trip 

motorbike 

Production 

trans port 
motorbike 

40 mi/trip f 35 mi/gal x 128,000 Btu/gal::: 142,857 
Btu/trip 

3 riders/trip x 1 day/rider::: 3 a days/trip 
2.0 rider/bike x 1.5 bikes/trip x 1 day/rider = 
3 days/trip 

(200,000 -;. 3) + 042,857 ... 3) ::: 66,667 + 47,619 ::: 114,286 

b) Four wheel drive 

Cons umption 

road 
offroad 

Produc tion 

road 
offroad 

16 mi/trip -;. 10 mi/gal x 125,000 Btu/gal = 200,000 Btu/trip 
40 mi/trip f8 mi/ga1 x 125,000 Btu/gal = 625,000 Btu/trip 

3 rider/trip x 1 day/rider::: 3 days/trip 
3 rider/trip x 1 day/rider::: 3 days/trip 

(200,000 ... 3) + (625,000'" 3) = 66,667 + 208,333 
275,000 Btu/trip 
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APPENDIX C 

Listing of General Purpose DLl Matrix Generator 

1**' 
1.*/ 

I* •• * •• * •• ~ ••• *.****.************** •• *.****.'.**.*.*.***** •• *.****.***1 
1* */ 
/* MGE~FRATOMI TMIS PROGRAM IS DESIGNED '0 CREATF '"E MPS ./ 
/* VAIA fILE FUR A ~lXEO INT~GER Ll~EAA P~uGRAMMING ~ovEL. 0' 
1* "1 
,. THf PROGkAM wAS _RITTEN FOR U.~.R.L. pqUJECT ~G·2Uq, .HICM ./ 
/* WAS ~UNDEu ~, THE OFFIcE UF ~ATER RESe,AijC" AND JECNMnLD~'. *' 
/* IT IS, "C.tvER/ A ~E~ERAL pw~pOSE pqQGRA~ ANr CAN at APPLIED */ '* 10 TME CUNsrRUCTION OF ANy LINEA~ PRDGRAMMING ~ODEL/ oj 

~Gf"e':UTG", liAS SEEN oESIGr,EO AND I~PLE'I!;'/<T!,O 6' ~. ~CKtE, 
OEPART~ENI vF CIVIL f.NGI~EERING/ U.S.u, 

!;. "'C~EE 
JUf'tE 20/ 1 q~ I 

*; 
.; 

*' */ 

*' *' oj 

*; 
, ••• *" ••••••• " ••••••• *.* •••••• *." ••••• *.**" ••••••••••• *." •••••• *** •••• , 

/ .. / 
~GtNE~ArDRI pqoc UPTIONS (MAIN)/ 
DCL CGMMaN~S FILE NEtORO I~PU' E~V (KINO:luIS.',M'IA~CSlZE;~., 

BLOCKSIZE:ZS20,AREASIZEzU5011 
Qel MASnR FILE kHO~D INPuT ENV (~INO.'DISK' ,,,AX!lEC5IZE"'21", 

alOC~SIZE=ojnO,AREASIZE~4S0)I 
UCL GFILE FILE I~puT ENV (K!NOz,OlSK"MA.HECSIlf;SQ,dLOCKSIZE:Z52 n , 

AIlEASIZE=Jl50JI 
OeL REPORT 'ILE PHI"TI 
JCL I~F FILE I~puT E~v (K!NQ:,REMOTE'11 
DeL OTF FILE OUTPUT ENV (KIND='~EMOTE',MAXRfCSIZE=8qll 
DeL RDwSI P!~E RECORD OUTPUT ENV (KINO.'DISK',~AtAECSIZE=qt 

BLOC~SlZ€:27n/ARPASIZE=.50.ARE.S.IOO.SAVEr.CTQ~:q~q), 
Del ROwS2 fILE RECURD INPUT E~V (KINO.'OI5K',~A.kFCSIZE=q. 

BLOc wSIIE=270,iREASIZE:Q50ll 
DCL RO~S3 FILE RECORe OuTPyT ENv (KINO.'DISK·,MA)RECSIZ~:q, 

dLCC~SIZE:21~,ARE~SIZE:~~O,Aw~A5:IOQ,SAVEFACT0':~qq)/ 
DeL RO~SI ~ILE ~ECUAD I~PUT E~V (RrND='DI5~"~'.~fCSIZ~;q. 

eL~c.SIZE=2In"REASIZE.I~O); 
DeL CDLU"~51 WILl NEeDRQ OuTPUT E~v IKINOG'DISK',~AXNFCSIZ~'2~, 

°lOC~SIZE=8aO •• R!ASIZE·QSO,A~l·s=IOO.S.VEFaCTuP=qqqll 
DCL COlUM~52 FI~l NECORO I~pur ENv IKINOaIDISK'/MAI~ECS!ZE.2~, 

BLneKSIZE 2 8QO,AREASIZE:ISUll 
DeL COLU~~S] FILE RECORD OUTPUT ENV (KIND='OISR'.MA.RfCSIZE.~8, 

~LOCKSIZE.84n,AREASIZE.q50,AREAS.looISAVEFACTv~='1qqll 
UeL COLu~~sa FILE RECORD I~PUT ENv (KINO~IDIS~'.MAx~tCSIZE=21, 

BLoCKStZE=A~O,AREASIZE:qSOll 
Gel I~rl FILE RECORD ouTPUT £NV (KINO.'OlSK"MAXRECSIZt.Ze, 

~LoC~SlzE·~"n,AREASIZE:q5D.ARfAS~IOO,SAvE~.CTOA=qqqll 
DCL I~T2 FILe ReCORD InPUT t"' (KINDc I DISK',MIX AECSllE=28, 

~L~CKSIZE=e~O/AREASIZE="SOll 
DeL INT5 FILE RECONO OUTPUT EN, (KIND.'DIS~',MAXRFCSIzf.2e, 

HlOCKS1ZE=Sun,AREASIlE=450/AAEASAIOO,SAVEfACTu R• qqq )1 
DeL I~TQ FILE RECOHO INPUT ENV (KINO~IDIS~,,~AXA£CS!ZE=28, 

8LuC~SllF=~~n,A"E4SIZE=~50ll 
Del alVI FILE RECDNQ OUTPUT E~u (KIND='OISK',MAXMfC5IZ~:28, 

~LOC~SIZE="40.IR'ASllt.q50,ANlAS=I~O,SAVEr.CTu~=q9Q)1 
DeL ~I~? FILt R~CDMD l~P~1 fNV (KIND='DIS~,,~'.WtCSllE:28, 

~LOCKSIZE:~~O,AREASIZE:~SO); 
I)C(. iltv3 FILE 'l'C'lRO tNTt'Ur ENV (KIIliD"'[lISK'.M,X"fCSln'2~, 

~Lne'Slzt:~4n,A~E.51lt:.50,AREAS=lnO,5AVfF'CT~.:q9q)1 
DeL dlwu FILE ~t~U~D I,puT !NV (Kl~D='015K"~'IR~CSlL~:i8. 

~LOCKSIZf:~qn"RrAS1ZE=q5a)1 
DeL RMSI FILE AfCUWD OuTPUT [NV IKIND='DISK"HA.N[(SI1~:2~. 

HLOCKSIZE:eqn,I~EASIlE=u50,AuEI5:lnn.s·vEF·LTUP.9qqJI 
Del A"Si FILE HtCOHW INPUT ENV IKIND:'DISK'.~.IRtCdIZt:2e. 

8L"CKSIZE:PuO,ARfISIZt:u5 U)1 
DeL N"SJ FILE N[eU~D OUTPUT ENV (.IND='DISK',NAI~ECSIzE=2B. 

HLaC·dIZE=8qn"MEAS1Zt=.sa'ANEA'=lDO,SAVEFI~TuR.Qqq)1 
DeL ~"SU FILE IECOkD INPuT E~V 1~IND='015~'.MI'RtC3IZE=a8. 

9LOC'~IZE=M40.AHtASIZE=USOll 
UCL 8uu~nSl FrLE RtCORD uUTPUr EN" (Kt~O='DtS~' I M,<AI:,CSIZE:3u. 

8LnCK51ZE=~un.AREASIZE:4Sq,ANtAS.lnO,5'vEFiCTOq=9Qq)1 

OCL "aLJ"v~~ FILE I<!:'CORQ INPIfT t'lV (KINu"'DIS, 1 ,"'AXRECS17(=~", 
"LUC·~llE:qoO.a4EASllE=uSU)i 

nCL 9DUhnS3 FILE AECCRO OUTPUT EN~ (KINO;'D!S~I'"AX; "12E=30, 
.LDC.JlzE=qu".AH!AS1ZE=4S0,ANtAS=IOO.i 1 vEFACTOA qqQ)/ 

DCL nouNDSu FILE RtCQAD !hPUT ENV (KIN~='DISK',NIIAf SIZE:3". 
BLUCKSIZf.quu,ANEAdIZE=u5~); 
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IIf'ltl 

I'UII 1 (: I't, 

r\q~ 1 (i 1,1 !' 
11\,111 i1 '.' C ''­
("i.I III f· P ;v 
I!{;fll (",ql; 

l' 1)11 1'1 IJ ~l) 

1\ !) 1\ 1 n .1bu 
{),Hi 1 fll,!7t} 

(l JIll!')..; iJ I,' 

II u.''ll 11 "'> ~Il 

OU" 1 !'1 fll' 
~Il!ll/; 1 ttl 

"v()l-' 12" 
(. vtll "1 \'! 
f! V'" f\ 1 ~ \.; 
'1 v(\ 1 (\ 1 c:, V 
flO!llOlf)!i 

f'U11l (\ 1 7l' 
0-)" I" I ~,I 
1\ .In l (\ 1 q;) 

£1 J 'l 1 !~ 2 ,) ',' 
, 1"1 t '1- C. t ;,1 

" 1.11 il~ ~ ,) 

",'~lo" h 
'Hin 1 Ii d. 'J 'J 

'lul! 1 q,:~» 
;'lUll 11'12~'l 
tl:,;,11od 1 v 
'H'o 102 ,),; 
I~ tJ.l 1 0,,'1,) 

"nn 1 n 3'\u 
., Jf'I 1 1),) t t' 
'I U .1\ 'l.5?u 
l)\l:l 11 j;1I 

l){ifll I13·1 11 

",,'\ II 5'5-J 
illl"lllln'J 
:)\j{j 1 :1 j 7 'I 
"'; !} 1\ 1 :~ .5" ~J 

"0" l:l ,)q:J 

ov" 1 (HJ,,.1,; 

'1u1l 1 rt4 t I) 

qU(ll(1U~1J 

oiJrll II", ,,J 
liOn 1 :l4!J\; 

"'JIlI04,>,) 
o\j<' 1 n'q~fli 
110tJl"~70 
('I Ijt' t f'lQ M D 

')1.1 11 ll)~Q\) 

J) U ('j 1 ~I" fI ,.I 
1:1 n 1 (, Ij 1 II 
nu', 11\52v 
r'''''lr~3u 
o Q 0 I 0 Sill) 

"uOI"'><;U 
fHJH 1 n5,:'u 
".)li 1 ," ~'I' 
I' ',In l/, I~M ',' 
n iJo 1 ;1"'1 ,I 

"Ii ll 1 fIQl'·! 

,,),; 1 :lh j I 

,'\, '11·'t .• ; , 
Pq,\ l'~ ~ S 
t1,fll1't/<l!! 

"u 11 l 'oS;, 
;; ,,{'I 1 "Ol"l'! 

:I I" t 1'!'}! , 

"\J I' 11. t;~ ,; 
','Hlll,lbq<j 

1\" n 1 (\ 7/1 'J 

!\,,!; 1 II 7 t IJ 

11,,11 1 rl 121~ 
I ;.~ ,\ ~ J' , S ' 
"d ll l I rJ: .• 

'\Jnlpl~" 
;\ ') n 1 P J ":l;' 

l.) ,j 1. n I 7 : 
,',!)(! 1 '1 7~H 
":} II 1 ,\ J q, , 



1 I):j f' ~) 

i,}.il',t 
1 ?6Z'J 
i n'; ~lI 
ll)FlQ.) 

,Vt1~H 

lOl'inil 
l.onlu 
10;;80 
i <),)'1, 
i o<in 'J 
(O'l I II 
io~c" 
iO'H~ 
lv?"" 
i~4Su 
iO~b" 
IU4lu 
iO<)60 
i OqqlJ 
i I~<"i 
i 1o," 
i IOcu 
ilo.\I) 
Iloa •. , 
i I O~U 
ilOtou 
j I 0 7u 
i 106tl 
I 109'! 
,II'''' 
II Ill' 
i lie" 
il130 
iii q 0 
III ~J 
i I 11>', 
lIP!! 
i Ilgo 
i I iq" 
II ~OU 
I lZIG 
ilau 
ilHO 
i I "q <) 
1125~ 
i I~ou 
i 1':7 U 
11280 
i 1.190 
11.)fJH 

i 131 U 
I I lctl 

i 1 .130 
11.5'") 
11 I~'j 
11 30t> 
11370 
i 1 36U 
11390 
i 1 QP<I 

i I" I" 
1142<1 
il".Io 
II ~qo 
IIJSJ 
II""U 
, Iii 7 <) 

i I ~8U 
i 14 .. " 
i I~Ou 
i lSI 0 
i I ~c:!o 
i I~.\n 
i 15<1!) 
i 1';5u 
i I 5=0 
1\ ~ 7 u 
i I S~" 
II sq,) 

i loou 
i I 0\0 
i 1~2 ... 
i I,du 
116 ... 
i loS" 
\1 ~o'j 
1167u 
j I ;;6Q 

~Cl Sfpl 'ILE qrcOHP OYTP~T E~v I.I~D2ID1S.'.MA~"ECSIlE=3~. 
3IZE·I"Ad.AAE'5IZE,u~".A;(.S;\jD,SA·tr.CT~.·laql; 

JCL "ILE NFC0ND !~PuT E". (K!~O='DI5."."~ECSJl!=3 •• 
IZE=\OBO,IREAI 1zE=a5U)/ 

)CL S' 3 'iLE 4~'o~9 a~rpuT [~V (~!ND=<OIS~',M.INECSIZE'3bl 
nLrC·5IZf=lu8u,4R!ISJZE=.5q"A~'S.lda.~ •• ~F·CT~".9qql; 

I)CL 3~p~ FILE ij~C0~;' I~PW' ~~v C~I'.n:lots~t,~'.~tCSIZt=3o, 

·L~C·5IlE=la~UIINE'SllE=I~O); 
(ieL ;'"Eo" F [Lf 'JuT~Ui ENV (KI'IOz'OISK •• "'AXRF.CSllt=6"d!LOC~3J lE=2~2u, 

."tASjZE'45u.A~EAS:I000,SAvEFACTON:qqq)1 

UCL ilEjlJG Hlr (II l"'lT ('0'11); 
vCL LlsTI'It; otT (I) I~IT ('0''')1 
DCl [Dr BI' (I) INIT ('o'ijll 
DeL "O· ... lERO ~IT (Ill 
ileL 1 Ra .. _~EC, 

2 RO .... TyPE CHAR Ill, 
l RO._~A~E CHAR (611 

OCL 1 C(H._NtC, 
2 COL_~'ME CHAR (81. 
2 RO'_H'~E CHAA (8). 
2 cnEFF CHAR (12)1 

DeL I RM$_R€'C, 
2: NHI_N11€ ,"41'1 (81, 
2 An,_~,ME C"l~ (81. 
2: VAL"~ , .... 1'1 (t211 

JCL 1 tjO\J>.v_REC, 
2: aO~~u_TYpE ekAR (Zl, 
2 !j(.J"D_,a",E CHAR lSI. 
2 Ct'L_··,A"f C~AR C81. 
2 V'Luf. C~.R (12)1 

IlCL I s£P_~EC, 
2 Ci\I.._'IA't!£ CI"IAt<i (Ij), 

2 HU"_"AMt CrtAR (e), 
i! C~IF.FF ("A" (12)0 
2 SI-P_Sf.T ~"A~ (ill; 

OCl CO"MA"U_l!.F CMAR' (a~l; 
,ltL AC"AR (; ".\R (I I j 

QCL C'IELDll) CHAR C12l1 
oCL CLf.~G'~(71 FIXtD; 
DeL NDEX FIIEa DEC t~IT (0)1 
aeL IDO(S) FIXEO OECI 
oeL IPJI~TEH Flx~D DEC INIT (01/ 
DCL FITAcotd) FLOAI DECI 
Del ISTACK(") FlxEu; 
aCL (*AOrlS,.COLS,"jCOLS.»HCQLS.ORH5,.SNDS.RSEPI FtXE~ DEC, 
OCL I X!N, 

/' 
/" 
/* 

2: leAH FTxEo, 
2: xnATA(,al FLeAT OtCl 

*/ 
*/ 
*/ 

1*****.·.·.· •• ·****····*···*·.··*··*··**·············· .. *****.* ••• ****1 
/**/ 

#PQ.s.#crl~,.ICOLS"~CQ~5/.R~S"8N03 •• SEP : 01 
(51IC"lo) • u; , 
FSTACKC") : "j 

In!)co) = 0; 
PUT FILf (UIF) full ('DO lOU ~ISh ~fBUG OUTPUT? IV 0" NI',' .) 

(tOL (lI,A" 
GET FIL€ (!NFI ~DIT (ACM,PI (COLII).AIII)1 
IF AC~AII = 'V' T'lEt; DeBUG: '1'6; 

1**/ 

?~'T F1~f (ufF) <t.lT ('I/(i '0(' .lSH A "BCCOUr- I..ISTlNr,1 IV c~ I,)., I ') 

(COLIII,AlI 
GET F!L< (lNfl EUIT (.'"AII (CQLlll,A(1111 
IF AC"AR = 'Y' THEN LlSTlN(; : 'I'e, 
LOOP; CALL INTE~PI 

IF EOF T"EN GO TO FINll 
~DEx : ',OEX + II 

GO TO LCOPI 
lUI 
/**/ 

I*****.**** •• _* •• * ••• *.** ••••••• * •• _ ••• **t.* •• ***.**** •••• * •• ***.* •••• 1 
/* *1 
/. INTlRPI T~IS SUBROuTINE READS A CO~"AND FRUM T"i COM~ANn 0/ '* 'II.E, !NTER~~ETS tT, AND CALU I;;E APPR(JPlipTE SU6RGII1l"E */ 
/' TO EXECuTE l"E CO"~ANC. 0/ 

/" */ 
/ ••••• *.**** •••••••• ** •••••••••••••••••• * •• ** ••••• * ••• •••• **** •••••• **1 

INTERP; P~OCI 

nCL II,cpnINT(Rl 'IXED; 
Del .C"AR C~AR 1111 
uCL S"ITC~_IS_O~ 8IT II) 1~IT 1'0'8)1 
ON EsOF!LE (CO~~ANOSl GO To [SETI 

200 

1**1 
1**1 

'.':. t 
't'l·'ll,t.i!'t 

; \ ) i \ ~ . \ r. S 
i'',)!'-l:'f1LI'J 

1 ~ 1 ." i l' {' ') ! 

'\ r" 1 "t~,' 
<\ ? '11 :In '1,: 
ii'l'(; 1 'I 1.\;" il 

'\'J Jl1 !'':J9'J 

(\\)flltl"fl'!il 

;'\:d II i ("-/1,. 

lhjH 1 04?) 

Ii ,}:I; 1 ol.l3 '} 
'lu t"1 1 OCil~ l; 
,'0" 1 t'!qt; lJ 

1}\IO 11)"'~\J 

(\011 1 11<,)1 J 

OI,'\lfl'Hh.l 
nU'llnQQL' 
q ~I(\ 1 t lH' ,I 

,"\tJ'11 t III ,} 
fi:d fJ ~ \ 1)211 

') V r} 1 1 i1 ~~! 
flU q 111}£i J 

f)~j 'Ill V":/ 
nV fl 11(lhU 
:11),' 11111 ,I 
\/il ll 1111:<\' 

1"\,1.111 Uq ,. 

"lj'li 11 
II u" 1 1 ill.: 
tH!'\ 11 i ~l: 
Ou "I t I JU 
i'h.,J!' 11 1 ~:, 
n \",11 1 C, G 

"'v P l 1 1'" , 
nt.lf 11 11,; 

n"fll11~·.' 

nu" III "'I 
",,0 II 11.01) 
f1\1r.112p: 
jj 0 III t c.?1.' 
!tv Plt ~ 'hI 
!l00 11 clJV 

't<I"UZS" 
flU!' 11 c~r} 
ilt)f'tlc7v 
IlOfil U8'J 
III,iI'l! c;q 

fit; I" 1 i 311 .' 

nil n i j J 1 
lIiJn 11 ;20 
/t IJ Ii 1 t j )., 

fh;rt ll.l!.,\l' 

00 11 I! ~~'J 
(h.) n ll.~t)\l 
uu ll lt!1J 
01.,11 1 t 'se; I} 
{'lIn 11 Sqn 
('u(-11 Ullv 

['Ohl t G t I,' 
~'I"ll ~i'" 
"0'>1143'1 
t'1v1'l11 tJUI,i 

l'tjf'll .. .",: 

I'll () 1 t '" ~ i,. 
ovi'll L& 1!l 

~vOlt~~\J 

OQ01l4.QU 

nvnl\':>~I\I 

00"1 I':>\'> 
o""IISZ~ 
OOnll'>lv 
0.)0115.(1 
000 II ':>5'1 
('tl)n 1 t Son 
... ,lit t 1 ; 1 \J 

ll;Jn 11 ~8'! 
fo~O 11 'lQ'J 
01)1\ 11 :H"'; 
nv' II" I U 
nO'1I102~ 
nl)''1 H,;,j 
0..1" \ lOQ'J 
~(Jf\llbS'iJ 

'vOllo!» 
~v!)l107'J 



! !6q~ 
i 1'1 oc 
i 171 " 
i I 7 a Q 

i I 7 ill 
i 1 7 IJ,' 
111~o 
i 11bO 
1177') 
117S0 
il790 
i 1800 
i I Ii lu 
1182\! 
illHo 
i 16i10 
IlilSo 
ililbU 
i 1 117 n 
11!i80 
I 1 1190 
iI QOo 
11<>1 u 
i 1\)<10 
ilQ3v 
119Qu 
i 1 ':'SO 
i I qbu 
11970 
i19au 
i I 'IQo 
12000 
i2010 
120.?o 
i20iO 
iZO<lQ 
izo~o 
ii/Ubu 
i2070 
iZOllv 
12090 
iZl~U 
i 211 0 
1212 L' 

i2Uo 
i 2 i Q'l 
121uI 
121SQ 
i2ion 
121"1 
Ii 18\1 
i<1i Qu 
12200 
lUlu 
iZ<lzu 
iu~o 
iz"Q~ 
i,,2~o 
iG~M 

lZd" 
122S,' 
icc/'ll) 
LUau 
i21lu 
Ii! 12u 
12330 
1234u 
i2SSo 
ll.loo 
/2.310 
i2~!lu 
IZHo 
i2<ioo 
iZ.jlo 
IZ<lZo 
ic!'HO 
i2~40 
i24~Q 
i240u 
12" 7(, 
12Q80 
iziiQo 
iZ!iou 
i2~!v 
laSe" 
10<;;5u 
i.!<;au 
12'>5(' 
iZ,>co 

ReAD FIlE ,CO~"A"OSl INTO (CO"".'lD_LINE) INOEX (N~EXll 
l~ ~E.uG '"E~ pur FILE (RE~OATI a_I? (31 EOIT (~vEI,C1~~A~~_LI~FJ 

(COI.( I) ,F(el ,COLI 10) ,All 
cFlELD(*) ,. , 'I 
CP'JI"'£" = 0; 
CLE"erNe.) : ryl 
DO I ,. I TO 84; 

AC~A~ = SuBSTR(LO~~ANU_LINE,I,lll 
IF AC"AR : 'I' THEN Gli TO TRAFFIC; 
ELSE IF AC"~R & , , THE" 001 

l~ S.ITCH_IS_O~ THe~ S'ltCH.IS.ON = '0'61 
ENe" 
ELSE 001 

If ~S"ITCH_lS_O~ THE~ 001 
S.ITCH_lS_0~ • 'J'BI 
(POINTER. CPOIkTER + II 

£1<01 
CLE~GTH(CPOINTERl • CLENGTHCCPOINTER) t II 
S~BSTR(CfrELD(CPOINTER).CLENGTH(CPotNTERl,l) 

f~D I . 
ENOl 
TRAFFICI If DEBuG T~EN PUT FILE (REPORT) CATA CCFlfLD,CLENGrH, 

tPOINTERlI 
IF cPor~TER g 0 THEN RETURNI 
ELSE If INOEX(CFaI.O(ll, 'DO') > 0 THEN CALL DOLOOPI 
ELSE IF HIDEJ(CFlELO(l),IIFT"'EN') > 0 THEN CALL IfTl1ENI 
ELSE IF INDE~(CFIE~U(ll,'E~TER'} > 0 T~EN CAL~ ~tNTER/ 
E~SE IF INDEX(CFlf~O(I),'PoP'1 > 0 T~EN DOl 

IF INDEXtCFIH.D(1l,'I'1 » 0 THEN CAI.L ptlP('j'AlJ 
ELSE CALL POP('O'S)I 

[tlC, 
ELSE IF r"flEX{CftELD(l),'POS><'1 > 0 THEN DO; 

If IIj[lEX(r:Fl~LC{l),'I') > U THE'; CALL PU>"C'I'(1); 
ELSE C4LL PuSH('O'a)/ 

E'j!) ; 

~LSE 
ELSE 
fL5~ 
ELSE. 
E\.SE 
~ ,-Sf 
ELSE 
fl.SE 
H.SE 
tLSt: 
fL.SE 
ELSE 
ELSE 
U.SE 

llE TliP"; 

IF l'lOEx,OIELO(\l,'READ')>> 0 TME ... CALL 'H,EAO, 
If r ... OEXCCfIELDlIl,'Gn') • 0 THEi'o CALL liGUI 
IF TNf"!EX(CHELD(ll, '.1) > 0 THEN CALL PLuSI 
IF INDEXiCHELD(1), I.') • 0 P'EN CALL "1!~l!SI 
IF I~DEX(C'IELDCI),'*" • 0 THEN CALL NUL.TIP; 
IF INOEX,C,rELU(I),"') > 0 THEN CALL DIvIO; 
IF INOEx(CHEL.O(IJ, , .. ') • 0 THEN CALL ExPO'" 
IF IND(X(CFIELO( I), ';;IO"S') > 0 THE" CALL !lowSI 
IF INDEX(CFIELO(1', 'RH51) :> 0 T>iE'" CALL WHSI 
IF j;,otx (CflI:.LD (J" 'eNOS' l > 0 THlN CAl..L lluUI,DS. 
If lNDlJ(CFtaLo(II,'COLS'l > 0 THEN CALL CULU~NSI 
IF !',OExICFlELDI!','CO''''ENT1j > 0 THEN CALL CO""t:NII 
IF t'IOEX(CFtELDOJ,'END') > 0 rl1l" CALL SO~TITI 
f'1'T FILE (WEPORTl sKIP (5) EDIT ('BAU l'lST~tlC'I()".·'." 

CO~"'."!J_LINEJ (COL(I),.,~I.iL,'i),AJI 

fSUI EoF = '1's; 
RETuRNI 

END I'qfRP I 
1.*' 
/ .. / 

/*****._ •• *.¢ •••• * •••• * •• * •••• * ••••• *.* •• ****t**._******* ••••••• _.**._/ 
1* *J 
,. DULOOPI THE OOLOOP SUBROuTINE ACTS l~ 'hI:. ~GENa~ATOP *' '* l~rERPRETU~ .s A OU.LOOP, ., 

'* */ 
1* ••• *.* •• ··*****· ••• ***·*.************************-·· *'*.*.***.***~.*I 

OOLOOI'I PROC I 
DeL (.LIN!5,ll,rz,NNEMORYI,NMfNOR'2) FIXED' 
IPO!""EP = IpO!NTEH • II 
~ET 5rHI~G (CFIELOtZ) LIST ,aLINES'1 
GET STRI~G ICFIELD(J») LIST (rill 
G£T STRING ICFIEl..O'.» LIST (12); 
NME~ORYI : NOEl. II 
~ME.ORy2 = NUEX •• LINES, 
UO IDD(lpnl"TERl = II TO 121 

Do HDEI = N~fMON'1 TO N~fMOH'21 
C~LL I"'T~~", 

END, 
E'IO I 
IPOI"TER 2 lpnI~rEH • 11 
~DEX ; NOfX • II 
RETuRN; 
E"O OULCOPi 

/**/ ,*., 

,11*1 
/tt*1 

/* ••• *.******** •••• ** ••• ******** •• ** •••• ********- •••• * •••• *-.*.**** ••• / 
'* *; ,­
/­
/* 

~E~TfRI THIS SUBROUTINE ENTERS A ~UweER ~RUM TI1E CO~~ANO 
RECORD INTO THE STACK, 

201 

*/ 
*/ 

*' 

jun II """ 
n u,'11 oq\; 
'i ~ l' ~ t 7" 
;'\i"1111.J 
(1 \; Il 1 l 72:j 
r; u ~ 1 l 7 ) ;; 
<1\J'111 7 q,'J 

0,H' II I~' 
(1 V 11 t \ I.")'; 
°u"II/7; 
oon II IH') 
oO"I!7Q" 
OU\' II e"j 
"u o lId I'} 
0001182J 
oo~llb,,) 

01l01l611<} 
(\00 II fl"H' 
0001180u 
001'1111>7" 
OvOllb~U 

"OOllb'ly 
nuOl1 9 00 
000 II q 1 U 
"UO II'<Zu 
(JOn II '13;: 
~Qoll'll1" 

°Ollllq'iv 
0001190'0 
0001!'I7u 
O{JOI19/lo 
r. iJ(ll J >..iq\} 

r,U(jl~0r,u 

t ,.f' 121.1 11, 

(''.1°ltv2·' 
I'1 v "I':v Iv 
{lur)12u4li 
o {: 0 12 ',I ~ ',.,. 
('I '.'(1 1<1.10-1 
0\101?'o 711 

"onl2vl\v 
nu n 12vQIj 
fll}Ol21 o u 
°')"1211 " 
ntl" I? 12·1 
Pv~U I ~" 
"\l01~IU" 
(\oIl12i!it 
"I)' l 12 l'1\1 
P\,I(11 C 1 tlU 

n 'J 'j I 21 h 1 
I' <'" 12 P'" 
""t, 121 Q,,; 

ruotZ,,"v 
(I \l Ii 1 it!. t~, 
HUH 12t2r, 
nuil t2a'~lf 
"!J°.cell u 
'II,n 12i'h' 
Il;JfllFcOH 

t'lJ I) 1 (d'" ,j 

r001?t!@." 
"G"lt2 Q u 
"U"!?'>O" 
i'uOlt'51I 
fl00123?', 
IlvOli5!" 
fH):llZid:j 
('Ion t cjr:;tj 

OUOI2,~U 

/~'J ('! 1?.) 1\1 
0\)1<12580 
011"123'1" 
r. (J Il' (un:, 

tU!l1241J 
"u t'!242.' 
ouol?45J 
{IUO 12'l.Juv 
Ov P I2.'iv 
"0"12<10" 
f'l,}ilt2",7v 
I' 0 /I 12411 V 
OO"!24 Q u 
f~U" 12~n:J 
"u"li;,l; 
/I u" 12;'?'1 
n U" 12':> 3,' 
00"1<154« 
oO"'12~~u 
nu,112;,ou 



U!;10 
iZ,>iju 
i2590 
i200U 
120la 
1202u 
i2~)o 
12oa:! 
i.;;so 
iaiioQ 
12670 
ii!ii~l) 
12&';0 
12700 
li710 
iu,u 
12Bo 
i.!7 ou 
1<1750 
I 271l:! 
1277u 
i.!7llu 
127'1\1 
ic~oo 
i2alu 
i21lZn 
12li3v 
ictiilv 
IZIlS" 
izilov 
i,h7u 
12>\6" 
1.:?~q" 
1290U 
iZqlv 
iZ<l20 
I"Qjn 
i2'I;'u 
i""';,, 
1_"00 
i 29 7" 
120Su 
iallqu 
i 30011 
Dill 0 
i 102" 
i3Plu 
i 300:! 
i JO~l.l 
j 300u 
i 3u 70 
i 3r'au 
j 30'10 
i 310'1 
dilu 
UI21) 
i5U.1 
B!4u 
i 3 i ~I) 
Uleu 
dllu 
Illau 
Ul'lU 
IJc!UO 
11210 
ilz.,} 
i 3i!lu 
! 3,,0 II 
de';" 
I leo') 
Dc!70 
ilt!eu 
il<!'1u 
iHou 
13310 
illzu 
13Ho 
i33~{1 
il3so 
Bio'l 
iHl\1 
il5!!U 
i 3 ~9u 
IHo? 
i.lJ I U 
iH2tl 
U~3u 
i J'I.0 
13oSI) 

"E-,TE": P~OCI 
;>CL I FIXEOI 
IF sueS H !(CFIHD(2Idd) ., 'I' THEN DO, 

CALL PUS"( 'I ',Ill 
IF SUB5TR(CFIE~D(2),2,1) • 1 , THE~ DOl 

GET 5TRI~GISuasrR{CFIELD!I),3'IOIJ LIST (1)1 
(STACK!I) 2 JDC(!)1 

E ,~D I 
ELS~ GET STRING(sUaSTR(CFIELO(¢).a,II)J LIST (IST4CK(I»/ 

ENOl . 
ELSE 00/ 

CALL PUSH (10 IlIlI 
IF SuaST~(CF!ELO(Z),I.I) • '.' THEN 00; 

GFT STRING (SUeSTR(CFIELDlil,a,llll LIST (Ill 
FSTACK(I) • 100(111 

EN(\/ 
ELSE GET ST RING(CFIELOI2J) LIST (FST4C~I\)I; 

ENt] I 
RtrURN, 
10'10 H~ NTt.R I 

/ .. / 
1··/ 

1* ••• * ••• **** ••••• *******.** ••••• *** •••• **** •• **.****.***.*.*.********1 
1* */ 
I. POP: T>lIS SU~ROUTI"E POPS THE SUCK Q"Cf. *' 
'* *' 1*****.***** •• ·*.***·*·*·*.************·.*····***·**** ********* ••• ***., 

POPI p~OC (IPa~)1 

OCL 1 FIXr:Ol 
UCL IPup AIT (1)1 
IF IPOp T,..EN Qui 

tu I = I Tn 31 
lSTACK(l) = ISTACK(! • II/ 

EN!)I 
E"OI 
E.~SE Dol 

00 I = I TO 31 
rSTAC~(I) » ~STACK(1 + I)' 

ENOl 
E ~~D i 
~!TURN; 

E"O PuPI 

/ .. / 

/*·1 
1**1 

1···.·.·*******·********·····.***·······***·······**** •• * ••••••••• ** •• 1 
1* *1 
/* PuSrll T~IS S~BRDuTI~E ~US"ES ThE STACK ONei, "/ 
/* -/ 

/*** •••• ** •••••••• *** •••• * ••••••• *** ••• ****** ••••••• ** .**.**** •••••• *.1 
/ .. / 

P"5~1 PROC (IPU~Hll 
OCi. I FlXEO/ 
DeL IPuSH HIT (III 
IF IPUSh IMEN DO, 

OU I = U BY _I fa 2/ 
ISTACK(!) = lSTAC~(I - 1)/ 

E~O; 

E"OI 
ELSE 001 

[lU I = U BY -I TO Z/ 
FSTACK(I) • fSTAC~(I - 1)/ 

E~D; 
E"'O/ 
i!~ TIJR"; 
.. NO PUSlil 

1**/ 
/**1 

1 •••••••••••• ** ••• *** ••••••• 2****.*** ••• **.***** •••• *.***.****.***.*.*1 
/* */ 
/* HREADI THIS SUBROUTINE READS A SpECIFIED RECORD FRuM TH~ "/ 
/" ~AsrER DATA FIi.E AND [NTERS THE DESIGNAfED [LiMENT fRO" THE ./ 
/" RECORD INTO TilE SUCK, "/ 
1* *1 
1*** ••• * ••• **.* ••••••• ********.** •• ***_ •• *** •••• * ••••••••• **** ••••• **.1 

'1REAOI PRilC' 
DeL (REC#,I,ENT~Y.) F!XED, 
OCL REc.."OP.TER FI~ED DEC STATlC, 
IF 5u!!STR (CFlELO(21,I,1) 2 'I' T~EN DO' 

GET 51PI~G (SUSSTR(CFIELD(2l,3,CLENGTH(2) • 2) LIST (1)1 
REC. 2 100(111 

C'lv' 
lLSE GET STRING(CFIE~D{Zl) LIST (REe.)1 

202 

1**1 

"v'112~1" 
nUl! t 2?J;;; 
nul. i. 2:;' ~ ) 
(tu Il 120 (' ~l 

0<,),) i. 20 I ,j 

Oo"12b2<J 
0,)·,) 2b.li 
O(J012olJJ) 
f'lfJlll cb')tJ 

O(,!t'12ot'Ju 
. ~v,1!2"7u 
oonI2"~v 
!!u t \ 12cQI,J 
(\(,,11·1270U 

Qu0!271U 

"0"1212'1 
"O"1211" 
OOU121l.i;r 
<'1I.pqi'lr,u 
fl t;·(112 70) 
'Iu Ill?; 7v 
!'J(;\f 127 A!~ 
000127 Qo 
0vO 120ll V 

(' t' ') 12t:"t' ,) 
"1J1l12b2" 
O~OI2f1Jv 

·l'u"12u /1 v 
fluf1120~iJ 
IlQ(ll tb..,,} 
('< t)!~ i. 21') 1 u 
n V ill (li~ \) 

It\" II 1 ~Mq'J 
nl;" 12 -;f\() 
torllll.f 1 tI 

<lu"12'!2v 
00.11';''130 
Pv H129"v 
liI;rt 12"1~ II 

Pt)'l12 9 htl 

r~iJ(l12q7'} 

nu r'12 1;Pd} 
r (I "12 4',,) 
n\iflllu(1v 
lit)l! 1 3,} 11) 
llun 131;2\1 
llo"1's()3:.; 
n[)l) 1 )UU,1 

nUl! 13u';"J 
il f; (' 1 j,' "., 
r (J" 1 3 v 7 i1 

(~u'~13\J"",,) 
"1I f1 1:h.:'lv 
r-~I Ill'; IIIV 
nU"I31I) 
°""131':>0 
l'Il,ttll 3 I ) I: 
{Ilil: 1.31 IJJ 

(\v 0 11d5u 
norr 1 '310ll 
"U"I'll70 
"u'q !It:'IJ 
~uol3l~u 

0,0013.;0,·· 
non13elv 
OllP 13~?''' 
"0" 13,311 
(~nj\ 1 3:1:: tJ '. 
('{jllllc!S1! 
"001'l20u 
~Or, 1321" 
"u" 1328', 
ouol3,::Qll 
OOll13j(lc 
ou"I3.\lv 
(lO"IH2" 
ou o l3:13u 
\I" '113.1" u 
ou"I3,~o 
"D01H,,·, 
"on 13~7'l 
'lUll 13.sPoQ 
"o"I'l.>qu 
nOn !3un" 
OI)"13~l,J 

r·0"13.2u 
0UO 13~ )IJ 

nu"13_4u 
00(' 13~"u 



i3 oil 
i3 1 u 
i3 80 
i 3 "Yo 
Il:;no 
D~IIJ 
i3~C!O 
i3!>50 
i3'>"0 
i3;'>0 
1.I':Jh'j 
1.1'>1;) 

i lS!lo 
i3"~O 
i 3000 
i3';1 .. 
i.lii2u 
db;o 
Ubal) 
j.l/;'>o 
i 3ht>() 
i3j;7t1 
13,,~v 

13;;'10 
LS 700 
ill!') 
d7Z.' 
157.1(' 
i HUo 
i 37'> .. 
Il70n 
1377:> 
jjlBu 
l.llllo 
i3600 
i :;bl , 
13&2u 
l,/ijU 
i31<ao 
138Su 
i3i\o" 
i 3117u 
13!!~tJ 
i 31i'lu 
i.l'l()u 
13'1\U 
13'1Zo 
i j'i 3u 
13'I<I{) 
i.l~'>" 
I Y~bv 
iYHn 
i 391!<l 
13?'l0 
i'IOOO 
i OU t tI 
iOo.!!) 
i ~Ol;) 
i0040 
i~oSo 
juooo 
10070 
[uU8u 
iU(l'lu 
jOlo" 
jail:) 
JUI.!O 
i oj 30 
10lurJ 
iUI'>o 
l'IlbU 
1'1110 
luiso 
10\90 
iU.i!oll 
i"i!I" 
juan 
j!lclU 
j4Z4o 
iU25u 
ia~!lO 
l"Vu 
i"l60 
j<l<!'l" 
I U Sou 
lujl'J 
i/j~c1u 
103.\0 
ia}Ull 

If 5UdST~(CFIE~0(3l,1d) a 'I' THEN Dol 
GEl STPING (SuBSTR(CFll~D(1),3,C~EN.TH(3) - 2)) ~IST (Ill 
E~'~" : 100(1); 

E"O/ 
ELSE GET STHING ,CfIELO(l)) LIST (EhTRY'11 
IF RfC_POI~TE~ ~a KEel T~EN 001 

REC_POl~TER • ReCNI 
RE.AIJ FU.E ('1ASTtR) INTO (XIN) INDEX (REe.)1 

EIIOI 
FSTaCK(!) a XQAT4(~NTRY')/ 
.H.nfl!,; 
E"D li~t~il; 

1.-/ ,.*/ 
/**.*.* •• * •• **.* •••• * •• ****.* •• **.*.* •• *~ •• *.*.*** •• _* ........... **.**1 
'* • t 
to ~GETI T~IS S~IRDU'I"E READ. THt ~EXT NU.~EA l~ THf FILE */ 
1* 'GrILE' AND PLACES IT IN T~E STACK, INPUT II LIST.DIRECTED, */ 
,. T~E 'SKI~' uPTION CAUSES T~E PRESENT NECO~D '0 bE SKl,pe~ */ 
/. l~ 'GFI~E' AND ThE NUMBER TU BE 'AKEN FRDM THE fO~lU~IN& 0' 
jo RECO'D, oj 
j* 01 
/ •••••• ** •••• ** •• *********.**.******.***** •••• ******** .ttl**_ ••••• ***.-/ 

"lil T I PROt; I 
DeL ~RE~ FIXED ~~c INIT (0) STATIC; 
DCL x FLO~T DEC, 
If C~E"GT",(a) ,. u fl1E.>j QUI 

If INOP(C~HI.D('!l,'SKIP') ,. 0 THEN GET FIll (GfILEl SqPII) 
LIST (X)I 

€i.SE IF I'Wb(CfIELD(2l,'P~~OTF.') :. 0 T,.FI; v(l; 
."EM" "ME"'. II 
p;.,r H~E (!JTf) eDIT ('REMOTE DATA lNPilT IiEloIutST .',.Rf·,,':', 

CFIE-I.OU),' ') lCOL(!),A,f{!»,2')I 
GET FILE (IN~) LIST (X)I 

E'lC I 
ENDI 
tLSE GET FILE (GFIlEl LIST (xli 
IF l"OP(CFTE~U(!),'l') ,. 0 TMEN QUI 

CALL PUS~(lI'd); 

ISTACKlll " ~I 
ENOl 
E~SE flUI 

tALL Pu5H('O'ij)1 
,STAC";(!) " XI 

ENOl 
HETliRN, 
E.hO tiGET; 

;.*/ 
1**/ 

1-*1 
1."1 

I*.** ••• * ••• *** ••• *.***.* •• ** ••• * ••••• *~*.*.** ••• *** •••• ** •••• * •• R*.~*I 
/* *j 
;­
/-
1* 

THE FOLLOwING FIVE SUG~OUTINEs PERFORM ARITH~ETIc QN rHE 
f~EME~TS OF THE STACK, 

*/ 
-/ 
*/ 

1* ••••• *** ••• *** ••• * ••••• ******.****** ••• *.****** •• *.-***._***** ••• _**1 
1**1 
1·*/ 

P~USI PI<(lCI 
DeL x F~JAr DEC, 
OC~ I FIXE-;)I 
IF !1I0EX(CFIEl.o(!},'I') ,. U THE'" 001 

! : 15TACK(Z) + ISTACK(I)/ 
CALL P(lPPI'B)I 
ISHCK(l) • 11 

EI'OI 
e:l.Sr 001 

X " FSTACK(2) + FSTACK(lll 
CA~~ pnp('n'SJ/ 
FSTAClln) :: XI 

e:~'D I 
RETURN I 
E"O Pl.uS, 

~ltHiSI pOQt; 
DC~ x n.oH DEC/ 
DC\. I FlxEDI 
IF IMgEX(CFIELO:IJ,'l') ,. 0 THEN 00, 

I • !STACK(21 a !STAC~(I)/ 
CAl. ... POP('!'B!! 
15TAC~(11 = II 

(',t> I 
E\'SE 001 

X = F5UCK(Z) • FSTACK(I)I 
CAL~ goP('ryl~l' 
fST"C~(() = XI 

ENOl 

203 

"OO! J~"'I 
f'iiJi! 1 34 7j; 

(> vfi t 3 f.l6lJ 
(ltJ n 13 ... Q v: 
(1) 11 13ljlll,) 

u()<)llSIU 
oool3~cu 
~u"13,,3u 
,'v"llSuu 
"OIl13,,~f) 

t'illl\ 13~b,J 

OU"13~1" 

"O"13'o Av 
"U" I 3"Q" 
('0('1 ;0(1 t} 

{'u n I .so I <I 

fv Ol30ZIJ 
Ou OI3";J 
~t~('1 '!t;4IJ 

I"tu n 1 3t.>S ',; 
i;u H 130n·) 
['U" 130 7 " 
nUf'130hv 
(ltl h 13b'>u 
(till) 1 :3 7 flU 

I\v~13111J 

"~"! 31;(1 
nu n l37,'J 
flO n 1 31 'il; 
"un!37'>'1 
"u"13 100 
I' u j~ 1 .3 7 7 u 

l,lell 
137Q'J 

"u OI3.:<0,) 
O,lP 13<' I v 
"un 13/12_ 
OU(' 1383[. 
OIlU 13I1U,' 
n" !l13b" ,l 

Oti"ll""" 
n iJ fll 3'; 1 ') 
1'0 0 13,,1111 
('u n 13I')Q,J 

;~ 1)0 t 3..j flU 
oonl3-l11J 
°""13,,,,, 
0uo\3'110 
oO"13quI) 
0(,0 1 ,9~" 
nUH 13tfol) 
(d;!' 13q 1\J 

Ou"1398~ 
00013'1'111 
ooOI~<ln<: 

('On 1 !.to t U 
('!t)f\ 1 L:IJ2v 

"o"IGv3) 
fJ tJ (i 1 ~ V l.I u 
1101' 1405J 
nOll I IIU!h) 
nOO!uQl~ 
(\ U I) 1 4 U A I) 
nOll 1 QlJqlJ 

00''1''1(l0 
0001"111) 
00 0 1"12'1 
°uOlul3u 
~0"141'lu 
0u" I ~ 1~" 
1'0"1"1I>U 
Ov('\411" 
000111111<, 
00"1'11'<0 
OU"I"c"" 
fl"'lI(j~IQ 
~vnl"a2~ 
oQnl~c3u 
OOO!iO<!uV 
('un I uc'>" 
oU"I"""" 
IIv OI",,7" 
Cul'I"2~V 
~jJi}14~q'J 
"Ct"lt.1,)(\1) 

toO'11 tJ.ll u 
0')"1"$,0 
IlU!.l 1 u,;) 3;1 

I! U Ii 1".) LJ V 



I"lso 
i";oo 
iullo 
j038u 
j 039:) 
14~VO 
i4AIU 
144Z0 
iuu;" 
14"00 
1"";0 
14~bO 
loil/o 
ioi;6U 
144QU 
14S~o 
loSlo 
j45co 
14530 
i<i54U 
j4550 
140;01) 

i451() 
14580 
10Sh 
IOoPIl 
14510 
io;;co 
j0530 
i"ii<lu 
i4(;0;0 
iUOOH 
14070 
14neO 
14;'90 
! <I 'OQ 

i411 II 
141zU 
14730 
i4/40 
U1So 
10100 
14710 
1"/60 
14790 
jUllou 
iUiil!! 
14<!ca 
\4830 
iU8QIJ 
Iu650 
i"l)oo 
ioll7u 
10680 
jatJ'lu 
i.oiQU 
i4<11'1 
14'lZO 
14930 
i!lq~o 

i4"5U 
14'1ou 
10<170 
j4960 
I 49qll 
15t.oU 
15010 
i5020 
ISo30 
10;04" 
i50':)0 
iSObU 
15010 
iSo!!o 
lso'lu 
iSloO 
i5110 
ISleu 
iSiJu 
15140 
i5io;(I 
is!bU 
15170 
i'H6o 
lSi'!" 
iS~nu 
ISZIO 
is~.2o 
i .,~:;o 

R€ tll1'·'J 
E~C' ',p,U;! 

'UL1IP; PROCI 
~CL x ~l.o.r OECI 
OC~ ! FlXEOI 
IF !NOEXICF!ELO[II, '1'1 > 0 THt" 001 

I • !STACK(2l • lSTACK(ll1 
CALL POP( I t 'e) I 
1514'.(1) • II 

END; 
.LSE !lUI 

X : ~$TACK(2) • rSTACK(l)/ 
CA\.L P(lP(lo'f!11 
,SIACK(I) • XI 

t"O, 
ilETURN; 
ENO MULTIPl 

Dlvl!.}1 f'QQ" 
?CL X FlaA' DECI 
DCL 1 FlXE!)1 
IF ItJOn {CFIELO (! J, 'I') " 0 TtiE" 001 

I a ISTACK(Zl I ISTACK(111 
C41..L POP('I'BlI 
ISTACK(ll " 1/ 

END; 
eLSE Qui 

x : '5T4CK(2) I FST4CK(\)1 
CALi.. PnP(IQlij)/ 
F5TACK(lJ • XI 

1:"01 
RETl'R"1 
P'D DlvIOI 

tXPOl1i PROCI 
DCL X FLOAT OFCl 
Del. I nXEOI 
l~ P.OEk(CflELD(1)' '1') ~ 0 THEN DOl 

1 • 15T.CK(2) ** lsrlCK(I)I 
C A\.L PoP (II 'e H 
ISTACK(I) " II 

£>;01 
fLU 001 

x • fSTACK(2) ** FSTACKII), 
CALL >'01'(10'911 
FSTACK( I) = XI 

, Er'OI 
RETUR"'; 
£1.0 ElPOIl/ 

lUI 
/**/ 

1* 1f 1 
/*/'/ 

I* •• **.*.**.* ••• *.** •• * •• **.*** ••••• ***.** •• ****.**.~.*.*.* ••• *** ••• *·1 
/* */ 
/. ROMSI T~lS SUaROU'I~E INSERTS RECORDS INTo THE RD~S FILE, *' '* THIs IS FuR ~URPOSES OF ~UILOING r~E ROnl SECTION OF THE */ 
/" "PS OAT A INPut FILE, "/ 
/* */ 
/*** •• *.*.**** ••••••••••••• * •• *****.***.*******.* •• *** •••• ******.****.1 

ROWS! PROC I 
R()._~EC ,pn~_ TYPE 
RO~Hfc.RO~_NAME ~ 
.~lTE FILE [ROWSI) 
.RO~S = gROwS + 1/ 

SU1'ISTR(CfIEL.O(2).1,11' 
~ARNAMEtCrIEL.D(3),CLENGT~())); 
FROM (ROW_REt) I 

'**/ 
1.*/ 

IF DEH~G TMEN P~T FILE (NtpCRT) EDIT 
RO·_RtC.RO~~'~E) 

(.RUwS.HO._~eC.PO~TYPE, 
(COL.(IJ,F{~),CCL(IO),.,COL(2n),A); 

R<TI.JR" ; 
E"'O ROwS; 

1·*' 
'11*1 

/* ••••• ******** •••• ***** ••• ******************2*** ••• ***._ ••••• _ ••• * ••• , 
1* 'III 
/" "w51 THiS 5U6R\lUI!NE !NSERTS ~HS ~tCQ~US I~TQ THE ~MS ~ILE. ., 
/< THIS RESULTS I~ THE C~EATION OF THE RHS SECT!O~ Cf T~E DATA .• / 
'" I~PUT Ta ~P5. "/ 
/* *1 
/* ••• *.* ••••••• **** •••••• * ••••• **.***** ••• *** ••• * •• ****** •••••••••• **./ 

R><SI ,-Uel 
!W$_~.C.RHS_NAME " VA~IU"E(CFltLD(2l,Ci.~~GT .. (2JJI 
R'1S_REC.RQ".'IA'1e: • VA~I;A .. E(CfIELO(j),CI.ENGT"(ll)1 
Rr<5..R€C,VA\.lfE • FCUHF"STACK(llll 
l' ~Oh_ZE"v iHEN OUI 

204 

1 •• / 

1**/ 

f\{Jj\ 1 U.'S!I 
f. 'J jl 1 a .lOtt 

,. (J (11 <J .s 1 ,I 
"'O"')u')r.;; 
f}v 0 14)Q,) 

{'ut l l .... f1l; 

"1\J01 C I.i!u 
rqJI"l !t.u?.' 

('001"""'3u 
n u" 1 iJ·.j IJ!; 

flvl"llJ ... t;1} 
{·un14l.bi~ 

nuQI~~7" 
0001 hau 
00(l144'1u 

no"I"~no 
"0" 14') I u 
Vu n l U7:tilJ 
"(1"14')31) 
OQryIU')uO 
hOI,! 0')<;0 
"U" I 4')0(' 
(\U"I"">70 
PQlllu,)A(J 
f'Onj4'jQlI 
"II01"~OO 
noll140 I') 
°001"02U 
l)o('l1uQ3u 
flQt) 1 IIb40 

P.tH1l40t;O 
f'OOlU()tt\J 
oonll.lo10 
~OnlL.lbAO 

OOllllJoQu 
nOPll.i7f"v 
"0"14710 
0001 0 720 
~QOI"130 
Qo o lU7UII 
nunl"?'lU 
Pilt1 1ulbU 
00"111770 
{IUnlq7~u 

QUOloHU 
Ou"I.IOOU 
OQ"IU;;\ll 
ou n lu62f1 
tJOOl li J;3u 
(lOIl14CQV 

nUOI";;"i" 
r;v o 14BoJ 
0(1)1461u 
hUil 1 tj8HO 
l'O o l.eQU 
nOPI.qnQ 
OQUIQq!U 
('u" 10'120 
OO"IO'l3U 
(ii,lH1 lit.lau 
"0 0 1,,'1,0 
OuOI4'1,,0 
00"1,,97u 
~u"I.9~u 
OU"14"I1U 
(', L'!l1 ')1J~' ) 

(0(\\1\ "111" 
nu" I SI)?J 
t'I!) tJ 1SJ1v 
PI'(! l5.JuP 
(lull 15nr.;p 
"tlJ' l~lJo.) 

nun!,;v],' 
nuIJ150~\J 
Ii on l'St.lql) 
"tJ u 1 , t r~ t' 
niJ!ll" It\.· 
"U"I"i12c 
(' U (~l513;; 
n 'J 'I l'i 1 ~\! 
fll)fi 151 ')11 

f'1l;i 1 t:; 1 0\'/ 

C"un 1 <) 171) 

n·J" I '" I!!c 
OUt! I S I q ) 

"""ISdn.) 
oU H 1'5.c!1'l 
n""IS~?l' 
n~" 1<;2 ;'.1 



lsa4u 
ISc~U 

i ""'''' is<!70 
i5l~" 
i:'<!9o 
1">.100 
i531u 
i5le" 
is.i51l 
i'5l4Q 
isJ'.:lu 
15JoU 
i53io 
iSlso 
isl'1Q 
i5~Oo 
i sij II) 
iSiji!u 
iSa3u 
ISaqo 
i~~50 
i54cQ 
IS~70 
15480 
iS~qo 
15500 
i,)510 
i5Seo 
ISo;lu 
i5S<tu 
i 5S51) 
i,,'>bO 
i 5';7') 
15560 
155'11) 
{5bOU 
is&to 
!'Hi2u 
i!lOlU 
i5i;Q,) 
iSiiS() 
i5iibl) 
iSti?o 
isiiao 
156'10 
i5700 
15/10 
i 5 7 e') 
iS71J 
1574J 
i5150 
i57bO 
1'5110 
i576U 
i'>7'1o 
15uoo 
iSdlO 
istlzo 
Is1150 
i'ld'lQ 
iS850 
ISilbO 
i5870 
i51380 
ISiiqa 
isqOIl 
i5<'1\0 
IS"lU 
isq.so 
i 54",) 
15'15\1 
15."u 
i5'170 
i 5<1a.) 
15'1'10 
il>ool) 
iOOI" 
lo02!) 
ibOlo 
10040 
ibOSO 
ioOoll 
ibU70 
11>080 
iooqo 
ibIO', 
ib! 10 

",RltE ~lL~ (~~Sll FRO'" (.~hS_~~CII 
OR"S: .~~S. 1/ 
IF OUlU" TH'-~ Pul FII.E (~EPORTl EDIT (·RHS,RwS.~FC.RI"s.."A"E, 

IkS.REC.AO~_~'~E,AHS.REC.i'1.uE) (CDL(I),F(SI, 
COI.(10),',C OI.(20),.,CQI.(30),')/ 

Et;(J; 

qE n.Rf, i 
E'IO R"'S I 

/ .. / 
,.*/ 

1* ••• *.*.***.****·********.**·-***·_·***·_·*·****·*···***** ••••••••••• 1 
/, * / 
/* 6nu~OSI THIS sUaHuuTI~1 PLACES RECORDS INTU TME SOUNDS FILE, "/ 
1* THIS C~(!TES THE eOu~os SECTION OF THE HI'S DATA !NpUT, *1 
1* */ 
/*****.* •••• *.**.***** ••••• * •• ****** ••• *.******_.*.*.* •••• *******.****/ 

I:lOu"'l) 5 I PROC/ 
BOUND_REC,BOUNQ.tVPE • 5UB5TR(CFIE~Q(3).1.21} 
ijOVNO_~Ec,eOUND_NAME • VAANAME(CfIELD(2),CLENGTH(2»1 
I!OU"'D-PEC,COI._!>IA>lE '* ~AIi<NAHE(tF!ELD(~),CLE/jGTIi(UIII 

1**/ 
/UI 

If eOUNQ.ur.C.8nU~Q_TYPE • 'FR' THEN BOUND-Rtt,~4LUE a , " 
ELSE BOUND_HEC,VALvE • FCO,-FF(FBTACK(I»I 
"RITE FIi.,E taouNuUl FROM (llOUND-REClI 
.SNOS : .S~OS + ;1 
IF OESUC THEN ~UT 'I~E (REPORT) EDtT (#BNOS,BOUNQ_"EC,BOU~O_TYPf, 

AOUNO_~EC.90UNO_N.M~.aOUNO_~Ec,CO~_NAME, 
80UNQ_R~C.YALUEl (COL(ll,F(81,CUL(\OI,.,CQL(20),., 
CO~(lO),A,COL(401")1 

RETun~'1 
.. NO BOUNDS I 

/.,/ 
/ .. / 

/ •• ******** ••• ** ••••••••••••• ** ••• ***.*** •••••••••• *** ••••• * ••••••• * •• / 
'* */ ,. COLUr1NSI THIS SuBRQllTINE INSERTS R!COR05 INTO THE cnl.UMNS '/ 
,. FILE, wrlICH RESULTS IN THE CONSTRUCTION O. THE COLUMNS *' ,* SECTION OF THE OA1' INPUT, NOTE, THIS SU~ROUTtNE 01 
It OlsrI~G~ISHES eETkEEN CbNTINUDUS, INTEGER, A~O SIN.R, ., 
/* VAilIABLE.$. */ 
/11 */ 
I* ••• *****.*********.·*·*.**.**.*.*****~ •• *.*··** •• *·· * ••••••••••• ***./ 

CO~UM~S I PROC I 
C(lL..RfC,COL.."UI1E • V,RN'''E(C/'U:I. DOl,CI.E 'lGT HO)ll 
C0L..REC.~O"_N'~F. • VAR~AME(CfIELD(2),CLE~GT~(2lll 
CO~R~C.CQEFF ~ FCUEFF('STAlKCllll 
If ~U~.ZE~1l THE~ Dul 

IF C~E~GTH(~l = ft THtN Onl 
riRlTE FlL-E (COI.\J·~"'Sl) FiMl" (COL-REel; 
pLJL~ • ,,(.)ls • II 
l' ntHUG THt" puT Fll.f (RfPOk T ) Enp t.C0LS,COL.REC.COL._NA"E. 

taL-REC,RO~NA~E,COL-REC.COEFFl (cnl.(I),F(~), 
COL(lul,.,CULt20),.,tOl(;oJ,All 

E;IO; 
ELSE IF SUASTR(CFI!LD(ijl,I,I) " 'I' THEn 001 

wRpt FII.~ (!I.TI) F~UI1 (Cr.L..RfClI 
41COL5 : ~lCuLS + II 

1.*' 

If- IlECeuG H."", P"T Fl\.! (HlPORT) EOIT (4ICUI.S,COL."f:.C.COL."A~f, 
COL_Uf C .1I0~.N4"e.. COL-REC. C OE F F 1 (COLli), F t 8 J , 
COI.(I01,A,COI.(201,A,COL(30l,AJI 

E1<OI 
ELSE IF SU6SrR((;FIEI.O(~J,I,I)" 'I:!' THE~ OOi 

.oR I TE FILE" (til v II FfiO" (COI._RfC}j 
#6COLS " .~CULS t 11 
IF nESuG TIiEN PUT FILE (REPORT) EDIT (.6eOLS,CO~_PEC.CoL_~A4E, 

COL..REC,RO~_~AME,COL.REC.COEf~) ICOLII),F\8), 
COLt\QI,.,tOLC2ul,A,COI.(lul,AJ/ 

F:I"O i 
EL.SE. l)C1/ 

#SEP : .':lFP' • II 
S!'.P_REc,COL.~NbE • COL..R~C.COL..NA~EI 
SfP_REC.RO._~A~E • CC~_RfC,RUW.NA~EI 
5EP_~EC,CCE~F • COL-REt,COErF, 
seP.REc,SEP_~ET = vARNAMf(CFIELD\5),CLE.~GTH(51ll 
"htTE. FI~E (SEPlJ FRO~ (SEP.RECl/ 
IF ~EBUG THEN PUT FILl (REPORT) EDIT I*SEP,SE,.REC,COl.NAMt, 

SEP."'EC. "O ..... N .... ~' SEP_RH. caUF ,SE.P.wEe. SEP.Sf T) 
(COLIll,FI8),COI.(lOl,A,COI.(20),.,COLI30I,A,COL(QS), 
All 

fNIl/ 
ENlll 
RE tUR~; 
ENO COLUH';SI 
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!1 ti :'-1 "",J 'j 
f'I'Jlll ~"t; j 

('tJllll:)~b J 
t;() '11 "'J c J ... \ 

"",' 1 <;~"} 
Atl,! 1 ~d~i_' 
''''I)P J S5/j-.; 
"u 111'53 t v 
'l,,~l'i.)<h 

0"" I "Ul'I 
nu'11S;Qu 
r:}ll1 "j~v 

'lu"1 S ,oc 
Ho o 15.Ho 
"UOISjlhl 
{!tl n lSiqu 
"-1)11 1 S-4 i1I.1 
(\unlc;,~to 

r,oo 154211 
~unl!l .. 3(! 
('Uo 15~"" 
('il" 15"~,· 
""0, I "i1o";J 
,,~nl~~7<.1 

~uOl"i~8i1 

01)0IS4",) 
OJ) 0 1 'Eo<;o '1 

non 15'~ I" 
"1)0 1"~2': 
HO('1~5!lj 

"UP 15"u" 
OU(ll"C;~~ 

~O('155t'" 
II on l~:; 7(1 

l'I)1l1~:,Hi1 

.'u('I'i:'Qo 
l\u 0 151>0\l 

01l0150lu 
00015020 
ooOl5b1" 
IJO"lSb4v 
"uO 100e<;I' 
"v'11Soco 
011"1507" 
nuol5c80 
nOOISoqo 
(01)1570(} 
0001'>710 
nun 1 t,-} Cl 
f' 1..\,11 ~ 7 ~\) 
0'", n 1 Ii I:.;,} 

flU" IS /5 .. 
(ii/I} 1; Inll 
ll(iflt')17u 

{1l1\l151~IJ 

~u"1'i7~t; 
(\t.n 1 c"ci (l II 
n\..'nl~r:'1u 

p{Jlll ~h?h 

"u t ; 1 ~~ 51' 
",. f' 11J0 l~ V 
n()n 1 "tiSt; 
ouq'>ol>" 
nOI'1507u 
"o('150Ht; 
(le,,1 1 C;bql.' 

nu(" 151..il1v 
"u(l15~lt, 
.·ur l,:>q2u 
"unI59:1" 
Iqd' 1 ~G)/JII 
(>("q <; 'I ':)\1 

{'uf) 1 t;9h\J 
O(1015'17u 
l)o"IS'I~u 
I)un 1 CS4ql) 
Al./H16011U 

(l 0'11 too 1 iJ 

"u" I ~u2" 
tlvill tlv "1 
('ivf'!lt-ul.ll) 
nu P lt.;\\.r5n 
"urlbUOU 
flt)(\ 1 01; 7u 
r1 011 lou Q; I) 

{\ufll td;Q{; 

(lll'IlP:d flIJ 

o U I) 1" II v 



!bl~o 
i <d }v 

j b I"u 
ibi~n 
1"loJ 
i b i 70 
ibl~u 
iOl"o 
10200 
ib.!li) 
leao 
Ib2311 
Ibi~o 
i o.!so 
Ibeeo 
ibe70 
io~eo 
1102'10 
ildoa 
ioll0 
10320 
ibllQ 
ib140 
103.0 
i~:ibo 
jo170 
lblen 
i03lju 
i"iloo 
104\" 
il>4i?o 
i biu 0 
loJ4V 
IO'i'SQ 
iOIH)O 
10470 
ib4~o 
iOLllj1J 
Ib500 
io'Ha 
io;20 
io~10 
16'5411 
iosS" 
10'>00 
io'>70 
loseo 
II>'Hu 
\1>000 

i b~ I V 
1062u 
ibi>.lo 
ill;;"Q 
IObSo 
10051 
loco\! 
10070 
ioo6o 
ibiiqu 
!b?~O 
i1l71\1 
jo72a 
loBo 
ioHi 
i07~a 
16'lSU 
i07b0 
111710 
10180 
il>7'1o 
ib80tJ 
lOa! 0 
io020 
i 1>6;11 
IbSe'> 
ioi!30 
ib840 
lbilSo 
ib<lOU 
ibiilu 
11>680 
11>13'10 
ib~Oo 
Ib~IO 
io9.;" 

/ •••• * ••••• ** ••••••••• *** ••••••••• ***.w*** ••••• **** ••• • *******.+.*.*.*/ 
/* */ 
/. ~'O~AMEI TMIS S~6~ouTlht REAOS ThE IhDICATED FIE~DS OF THf ., 
/. CO~~l,~~ U~f. A"D CREATES THt AI'PRQPRI"Tt. "Ow, CQL~"~, RI'IS, >/ 
/" ErC, 'lAMES FRQ .. THE". " 
1* */ 
1* ••• *.*·********·*.******.* •• ··********.***.*·**.**.·**** •••• *******.1 

VAR~AMEI PROC (AFIE~O.CL) R~TUR~S (CH~R(e), 
DeL ,FIELO CHIR (12)/ 
OCI. ANAME CHAR (8) INlT (' 'l/ 
DC" (INNOEX,I,J,CL,ANOl FIXEDI 
DCL ICHAR CHAR (Ill 
IN"OEX " INOExCAF!f"D,','" 
IF INNOEX ~ 0 TMEN $uB5TR(ANAMf,I,CI.> • $UBSTRIAfleLo,l,CLll 
ELSE 001 ' 

INNoEx " 0, 
LOOpl INNOEx. INNOEx • II 

If 
f."UI 

,C H4R " SU~SlRIAFIlLO,INNOEX,I)' 
IF A,MAR • '.' THEN 00, 

!~NDEX • INNDEX • 1/ 
ICHAR • SU8STRCAFIELO,INNOfX,lll 
IF ACHAR • III THEN ANO • !STACK(lll 
ELSE 001 

GET STRING I,CHARl EOIT II> (FII»I 
"'.0 " IOOOll 

£"01 
IF ~ .. a < 

ELSE PUT 

E 't,; 

10 THEN PUr STRING (SU6STR(lNAME,IN"OEX • I,ill 
EDIT (O,ANO) 12 F(I)11 

STRING ISUBSTRtAN'"E,IN~OEx • 1.2» EDIT (ANUI 
IF (2) 1I 

ELSf SU9STk('hAMl,I~NOEx,ll : 
Ih~UE' < CL IH~N Go TO LOOPI 

P.€TI:R~ (ANAl-IEli 

END V'R~A"'!:.I 

/**/ 
1**1 

/**; 
1**/ 

/ ••••••••• ** •••••••• ****** ••••• ** ••••• ****.********.** .** •••••••• *****1 
/* *1 
1* fcOtFFI TMIS SUlkUuTINE PLACES THE VALuE Of THE Fl~SI EMT~' ., '* OF THE ST.C~ INT~ THE 1~olC1TEO CHlkAClER STPING. ./ 
1* */ 
1* •• ** •••••••• -****.****.* •••• ******** •• **.·.·*** ••••• ***.**_.* •• *****1 

FCOUfl pq{JC IV) ",£TURNS IC~UH1Clll 

DC\. COEfF CHA~ (I?J INIl (' ')1 
DCL DUM-' CHAR (I~)I 
(lCL PTR Fl~E'DI 
DCL (X, V) FLOA" 
IF , a Q THEN UOI 

COtFF :' o.UQOOoa'l 
/lO,,_ZEP(j : 'n'BI 
ll[ TUR'l ICOEFf j I 

ENOl 
ELSE NO'<_ZERO = '1' 6/ 
X :: AeSIYJI 
IF X • n,nanal TMfN PTR = II 
ELSE IF X • 1 '''E'' ~TR = 21 
ELS~ IF • C 1000 lnEN pr~ • 3/ 
ELSE IF X < 1000UOO T~EN PTR • 41 
ELSE ~TR ,. II 
GO TO ~HPTR)I 
J(111 rUr STqIN~ (OU.~Yl E.PIT (y) (E(I~,5)11 

~UHSTR(COE'F,I,lnl = SUeSTR(DUMM',l,I01, 
SU8ST~(COEFF,11.c) = $U~3TR\OUMMY,lq.cll 
GO TO "Ex" 

~(211 PUT STRING (fOEFf) EPIT III (F(12,Q)11 
GO Ta'E~TI 

JIll1 pur STRINg (CCEFF) [UXl (v) (fI12,b)11 
GO TO Nt XTj 

JI')I P~T STR!Ni ~;OEFF) £nIT (VI (fCI2,ij)li 
~E.TI HE TURN (,UEFFII 
END FCoEFF I. 

1**/ 

lUI , .. / 
1 •••••• *.** •••••••• **.** ••• -* •••••• ***.** •••••••••••• * .**** ••• **.~ •••• / 
I· 
I" 
I> 
/. 

IF'HfNI 'MIS SU8ROU'INE PERFORMS "IF·THE"- LUGICAL PROGRAM 
aLat~S AS !PECtFIEO IN TME I"PUT I~STRUCTION5. 
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(I f) n 10 12\.1 
n;"1 '\ 1'" 1 )V 
1I;ji' l Q 1 '.il; 
"IJI1 1 e 1 '11 
°o"!oloo 
00"1'>l7u 
., ti'l 1 b 1 "\ IJ 

OU"lhlQv 
°onl~,,1U 

QoolO':lu 
"U n lo'::2\) 
nvoloclu 
nUOlbc a ,) 
000 102~U 
QQ" lO':"U 
ouOl027u 
OQolbi!8U 
Quo 162qu 
QUO 1113 0 0 
OQ" Ib,)! \J 
oon H32u 
Ooolo33u 
OQQ IO.HU 
OQUIt>3Sf) 
OO"II>.$"u 
001l1&37u 
nonlUSu 
000103'1·) 
ouQlb4 0 1! 
ouQ1C"lv 
OuOlb"2t1 
n~"lO~3v 
f\ \} I~ , b 4 IJ l,. 

«\JIll t'l14SU 

(1j) t1 1b4bv 
OtlO1O"'0 
ittjO 1 C:"~tl 
nulllb,uq(, 
ounlll!>!I\; 
(lUOI""'!v 
'IU(\ 10">2v 
,. \io I ~~31' 
n(lf\ lt~l.I!· 

i"o" i t·'J'" 
"O"I~'>bJ 
fllJ Ola'.l1n 
('urlt>;;,S" 
(\1If'lb~qlJ 

(·,If) 1 OOfi t) 

,~ tI"" 1 " ('I 1 \'" 
tJ o'~ 1 or)? ~ 
Il\) ,II 00 3\1 
Oufilb04 1} 

j1iJ"lbo'J'1 

ftlJ I\ lhhC;l 

nUB 160011 

"0"1",,1\' 
iHtHltot-AII 

P\")loDQo 
fl'lO 1 ~ I (; Ii 
oIJ I1 1071u 
f'l~"101aH 
rJI)1l1&1~O 

Ov"lnnl 
OI)l!lbliJ/, 

(\0 r\ 1 b '''II 
HUIllo7oV 
f)1,J°16./70 
1'0 I) 1 t, I,.., 11 

"Onlbl"v 
pu O lb8t'u 
nUnlol;l1} 
IlI,;Olon?!I 

n (." 11>021 
"U" IM,25 
iiV ll lbd !nl 

,." 0 I be"" 
nU(11 bO~'J 

')C" I b6~U 
r tJ!ll bl"l111 

(\U" Ibol'·) 
'-'O"leo Qif 

('uo lo"OV 
Ou!llb\fln 
01;111092',1 



roq~u 
ioqQ~ 

i />QS" 
i"qov 
I o~7') 
ioq~o 

io9~U 
[7Qun 
i70lu 
j 7020 
11030 
i 70"u 
i700;0 
17000 
i 7010 
i70eo 
f7(91) 
i7100 
i 71111 
1712u 
111':1 
i7le': 
i7lc!j 
1713ii 
Piuo 
i7i!>u 
17100 
i7l7a 
i neu 
17200 
i 7.10 
j nuo 
11,,40 
i7~50 
j7':bll 
[7l70 
i7aql) 
i7c! 9 1 
17.)0 () 
173111 
in20 
in .. " 
173 4 0 
i T35~ 
i 73bc) 
i 7 i 70 
i73!!o 
i 75'10 
i 7 ~O I) 
i1410 
i1~20 
i14~o 
i7auo 
I 7 ~50 
i7~bO 
i741(\ 
174"0 
174'10 
IISOQ 
I7S It) 
i7SZu 
i 7Ho 
17540 
i7~50 
175bO 
i 7570 
i7580 
17,90 
11000 
i7i.lo 
1162U 
i H.511 
i71.40 
i 1Ciso 
i 7ebO 
17670 
i 7"eo 
i7b Q U 
1710u 
1771 u 
i 77Za 
17130 
i 77ao 
i 7150 
l770v 
i 7 77() 
l71eo 
i7790 

IFThE''';; PROCI 
QC~ 1~O,Nl,~2,Jl,J2) ~:XEDI 
OC~ TEsT RIT (1)/ 
JCL IhT urT 11) 1~IT l'O'ij)/ 
IF ",OEx(rFrELDC2l,'!') > 0 THEN INT D '1'8' 
IF 1',DEX(CFIELlJ(2lt 'bY') » 0 '''EN TEST c xGTY(T"T)1 
E~5( IF I~~[I[CFle~DI2l, 'x<Y') ~ 0 THEN TEST = I~T'(INTII 
E~Sf If I~UEX(CFIE~vIZ),'X.V'l ,. 0 THEN TEST = Ita'(INT)' 
ELSf IF' p'DfX(CFlE~DIZ), IX>=YI/ " 0 THEN TEST = XGEvtINTI, 
~~SE IF' l~vExICrlE~D(2),'X<2y'l " 0 THEN TEST = ILEY1INTl, 
eLSE IF H,lJExctF lE~r, (2), I X~.Y" ,. 0 THE" TEST ="'--X"lE' <lNTl' 
ELSE IF i'IllEX(CFlELO\2J, '1,,01) " 0 THEt'! TUT • )l;I#10Ip.TlI 
ELSE IF t~DE.(CFIELOCa),'x.oll " 0 THEN TEST Z IlaD(INlll 
ELSE If INDEX(CF1EI.O(ZI,'X<OI) " 0 THEN TEST = XLTO(lNTI, 
ELSE IF I~DExlCFIELD(21,·I,..Oll " 0 THEN TEST. XGEGIINT)I 
£~SE IF INDEx(CFl£LD!2).'X~.Oli ,. 0 THEN TEST • xNl~(IN1II 
ELSE IF INDfX(CFIE~D(Z),I.<.a'J > u THE~ TEST" XLEO(INTI, 
GET STRhG1CfIEL001) u~r (NIH 
If CLENGT~(U) > a T~E~ ~ET STRING ICFltI.D(Q» LIST (,,2)1 
ELSE "2 :: U/ 
;0 " ',vEx I 
If TEST THEN 001 

J 1 " /iOE X • II 
J2 " •• DEI t ... 11 
00 NDEl & JI TO Jill 

Cil.L INTER .. , 
e'lO' 

E'II)I 
lLSE IF CLE"G'TH(a) > 0 TH~N 001 

JI " ~0E •• hi • I' 
J2 & "DEX • "1\ • N21 
DO NOEx " JI TO J2I 

CALL INTERP I 
E 1;0; 

E'iOI 
~UEX • NO + ~I • HZI 
RETURN, 
END IF THENI 

/ .. / 
1 .. */ 

,.*** •••••• *** •• * ••• *** •• *** •• * •• *** •• *** •••• **.** ••••• _*.* •.•• ***.*.*/ 
1* */ 
1* THE rOLLO-ING Ie ROuTINES PERFOHM T~E REQUESTED LOCICAl *1 
j* CO-PARI SONS ON MEMBERS O~ T~E STACKS ANI) ~ETURN 1 TNUE OR >/ 

/* FALSE BIT IF THE COMPlRisON IS TRUE OR FALSE, *' 
/* .j 

1 ••••••••• *- .. **-'.·····_·*'-*······-.*-'··**···**··** .• ****.**** ••••• 1 
1**1 

XGTYI PRnc lINT) HETURNS (HIT11»1 
DCL I"T BII (Ill -
DC~ ISf Blf (1) IN11 ('0'8), 
IF I'IT T>if>; DOl 

IF IST1CK(11 > ISTACK(2) THEN TST • 'I'e, 
EI;Dj 
E~SE IF FSTlC~(11 > F5T Acx(2) TMEN TST • 'I'SI 
RETURN ITSTlI 
E"() XGTYI 

XLTYI PROt lINTI ReTURNS (SITII»' 
Dt~ I"'T en (Ill 
DCI. TST BIT (II INIT ('0'6)1 
If INT T>if>; 001 

IF ISTAtK(11 • ISTACK(Z) T"E~ 1ST. 'I'SI 
f.'ID I 
ELSE IF fST1C~(!) < FSTACK(2) THEN TtT • 'I'S' 
RETUR", 05T) i 
END xLPI 

X!Q" PROC 11"'1 HETuHNS (~IT(l»1 
DeL INT BIT (1)/ -
()C~ TST ~I' (II I~IT ('O'b), 
IF INT T>iFN 001 

IF IsaCKI tl • ISTACK(2) ''''EN 1ST II 'I 'SI 
Ecl,U I 
ELSE IF FS'ACKIIJ " FSTACX(2) THEN rST • '1'61 
REruR" (TSn i 
E~O XEQv/ 

XGE'I PAoe (I"') HETURNI (ijIl(I))1 
Del l'q ~IT (iJ' 
OCL TST 6IT II) INIT ('O'B)I 
IF INT T!-IE', OOi 
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/**/ 

/**1 
/ .. / 

~ (l-Il h9:3 ,; 
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<lull?;"\) 
o t) Ii 1 71J{1 L 

r1 u (I 1 7'-1 t II 

no01742\) 
00"114;0 
00017 .. <lU 
(-1){'\17"5u 
"O'l! 7.ou 
00"174 1V 
ou n 1148/) 
Ou0174'1u 
ou O l7'!>flv 
PO 111 7~ 1 'J 

(,.;nI7~2u 

('u"1753" 
fl0 0 1754" 
nu" 17"'''u 
OOCII 7';011 
00"17';1u 
"0"1758u 
noo17~<lu 

00017"Ou 
no017010 
nQ017b2v 
0,,017030 
Oonl7b~1l 

"v OI7,,'>0 
OOOl7bbU 
nuol 7t. 711 
oO"11bAv 
(lv',17oQu 
11!J°117oL 
/lu l '1771u 
00"177211 
00"17730 
0\10177"1) 
"u ll l77<;" 
!I{,l(l177;'11 

Ov<)1177U 
~o()I17~J 

n01l111"10 



j7~OO 
17al J 
17dZo 
i 7~ So 
11 d" a 
ila~Q 

inj"u 
i7111a 
17iial' 
118'10 
i79 0 0 
iT'll U 
11"a~ 
j7<llo 
i1<'iUQ 
I7Q50 
17900 
11910 
11~eU 
17<1'10 
i80011 
iSOla 
le02U 
le030 
ieQ40 
i60<;0 
18GoO 
is070 
iaGeo 
leo'lo 
i 61 on 
lei \ tl 
i8120 
i8 i30 
lel~u 
i6i5,1 
i810,) 
1811 II 
i81811 
i til q,) 
1820<1 
i 62 1 ') 
IsaO 
[Sen" 
j8,,40 
18':!>o 
[/lcbO 
j6270 
18280 
i S2q,) 
ia.lQo 
16.;1<1 
i6.l20 

'ill.l.su 
18300 
i!ll':o" 
i~loo 
1837u 
ie!6\i 
i8~'lo 
18G~G 
i a ill 0 
ill'i20 
ieillo 
18~40 
ie<lc;o 
ieiiot> 
lell70 
i8460 
i84'10 
18500 
i8510 
j8520 
18!>lu 
185Qu 
16'>50 
illSeo 
las 10 
[8':>60 
i8S'ln 
i8000 
lablO 
isi.20 
i8~.so 
i6640 
ieoS" 
18500 
ii!~1o 
ieiiso 

IF lSTACK(11 ,. ISTACK(2l T~EN T3T • 'I'~I 
E"OI 
~LSE I FSTACKiI) U FSHCKL21 THEil 1ST ~ '1'81 
RETW"N (15TH 
E~D ~GEYj 

ILE'I PAot II~TI NETURNS (8IT(\)1 
aeL I'll ciIT (1)1 
DeL TST 81T (II l~IT ('O'a), 
IF PIT T"E~ 001 

IF ISTACKIIJ .a 15T4CK(21 TH£N 1ST = '1'81 
£"'01 
ELSE IF FSTACK(I) <S F$T4CKC2l T~EN 1ST: 'I'S/ 
"E TURN OS Til 
aNO xLE'1 

XNEV: PRoe (t~T) RETURNS (8ITII»/ 
acl. 1"1 9fT (Ill 
OCL TST ~IT III 1"111 ('6'BII 
IF INT T~E'I 001 

IF ISI,C K(ll ~. IST4CK(21 THEN TST • '1'9/ 
ENOl 
ELSE IF FSTACw(11 ~. FST4CK(Z) THEN TST a 'I'SI 
lIE TU"t< (TS T 1I 
ENO xNEYI 

XGTOI PRoe (INT) ~ETURNS (8ITlll)1 
Del. INT aIT Itll 
UCI. TST ~IT II) 1~IT ('0'6)1 
IF I'll f',EIJ 001 

If ISTACKIII > a THEN TSI • '1'61 
1:;"01 
~LSE IF F5TACKIII > 0 THEN I$T • '1'61 
'inURN tTSrll 
£"0 XGTOI 

IEQOI PAoe (INTI RETURNS CBITIIIII 
(lCL I"T ijIT (111 
utL TST BIT (II INtT (iOlllll 
IF ,;;T h,E'l DQI 

IF ISTieK(ll 2 a THEN TST • 'l'BI 
E"O I . 
ELS' IF 'STACK(I) • 0 THEN 1ST. 'I'el 
RETURN (TSTlI 
E"O IErlOI 

xLTOI PRne (INTI "[TURNS {8tTIII)1 
DeL I"T dIT {Ill 
aeL T5T tilT It I 1"111 ('0 1111/ 
IF INT THf'l 00/ 

IF ISTACK(l1 < U THEN 1ST" 'I'SI 
E"OI 
ELse IF FSUCIHI) < 0 THEI't 1ST. '1'111 
RETURN (TSTl) 
E"lO XLTOI 

XGEOI PRoe IINTI RETURNS C8ITll)l/ 
aCL INT eIT 1111 
DeL TST alT (I) INIT I'O'BII 
IF INT T.,EN 001 

I. IHACK(tl U 0 THEN TST • '1'81 
ENOl 
EI.Se If PSTAeKIl) U 0 THEN TllT • '1'81 
RETURN (TaTiI 
EN!) XGEO, 

INEOI PRoe (INT) kfTURN$ (BIT(ll)1 
Del. P'T BIT It.1l 
Del. TST aIr (II INIT ('O'6ll 
IF I1H TrlE~ 001 

If I3TAC X(I) " 0 T~EN TS1 • 'I '6, 
ENOl 
E~Se If FSTACxil1 ~= 0 T~EN TST • '1'81 
"ETURN (TSTl/ 
ENO XNEOI 

Xl.EOI PROC (I~T) ~ETURNS (BIT(II)1 
OC~ I~T SIT (Ill 
uCL TSI SIT II) I~IT ('0'611 
If' INT T~">' 001 

IF IST.eX(I) •• 0 T~EN TST • 'I'B/ 
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'*'*/ 
,1** I 

/**/ , .. / 

; .. ; 
/ .. / 

; .. / 
lUI 

/**/ 
/**/ 

llu ll 1780u 
0(10 l181!, 
IIu Ol 782u 

"~ll7"h 
°v o I70.J 
II\.: 1111 e~\i 
f"J"1 1 bbiJ 

ilJ ill 7 t) 1 'I 

f\ol117oAu 
(lu!'17oQ1,} 
!'l:'J1l17'l1111 

",,1\ I 7'11" 
nun1792d 
ollllI79~', 

Qu n17
Q
." 

ntt1l17t.j~H 

00 0 17'16<1 
11VH11v10 
"\)lIp9~U 

00" 1799') 
(\0111 ~tlnU 

flUtllAI! t (I 

IIoOISu?u 
°oOISU;" 
OltOIS<I"V 
('ItlillAH~!l 

00" 1110b(' 
{lOOlRu711 
nuolAQSII 
ol;olt5u90 
{'(Jill ~ 1 01) 

(jt'1l1~ ll!.' 

'\1'1\ 1 A 12!l 
()t.,(f 1 ~ 1 )1,' 

'll) f'\ 1 ~ 1 !if; 
tl{If'l A1SI) 

Ou o lelo\1 
flljfl 1 ft 1 7i\ 
nvOlRl~'1 

"cu 1 ~ 1 ~'J 
tllll l ll1t! ou 
"ot' 1621 V 
ouol8221J 
°V01823u 
nOll I ~i!'I;; 
"v<: IS25tJ 
00"18':6') 
0001821u 
nuol1l2~u 
ovO If'29,, 
QIJIl 1 P ~n\1 
(>u 0 18.l \ .) 
00018.l2u 
ounl~jJ) 
onOl~34;) 
''I) I) 1 ~35\) 
OOIl18.,,\! 
~\)OI~31') 
Hut) l!dAu 
ou ll 18.lQv 
nonle~nu 

nO" I ~u I v 
00''I8"2u 
00018u3U 
OU" 18440 
OuO l8u~r) 
oon 18'11>" 
QU"1641U 
OUllIS4Av 
Cvolh'lO 
ouo 111500 
00nl8SIO 
00018520 
Ou018~30 
OUOISS 4 \) 
nl1018~<;~ 
oOllldSbJ 
nu"IP.~1u 

"unless" 
Otln\S"qv 
n:)j)l~onl) 

ooH18C')1t) 
nQnl~o2u 
fllJ018o}o 
nUOIRoo·) 
!'lul''lBoSu 
.lt1fll ~()b'.' 
1u"I~.1.1 
(10(11 ~Qf\l) 



18oQ'J 
i8700 
i 871 u 
18120 
j~7Z1 
iell" 
i8123 
1612~ 
t8leS 
iS7z .. 
!B121 
iIl7"" 
i812<i 
1&730 
i61.H 
i87Se 
161H 
IIlHij 
i877 i 
1<171.1 
i6113 
i877& 
1871':> 
16760 
iS7"i) 
18800 
ill610 
i8b20 
iS83u 
iesilo 
Is8So 
i881>0 
1861Q 
18ilao 
ie~"u 
leqoQ 
i8'ho 
189Zu 
illq$o 
16940 
1&"50 
ie<loo 
jeHo 
ISql!O 
ia'iqu 
1"000 
1'1010 
1'1020 
1'1030 
['1040 
1'1050 
j'lObO 
['l070 
i~08U 
i90qo 
19100 
i 'I i I u 
rqizu 
! 'I 1 5>J 
i'1i~Q 
iqi~o 
lQtoo 
i'li70 
jqj8u 
l'1t'lo 
iq~oo 
il/Z1Q 
I'IC20 
i '1" 5'J 
iqC!~v 
1'12':10 
i'lilbll 
jq<110 
IQ280 
Iq~'1u 
i q 50Q 
1'1310 
iq3c~ 
i'1530 
I ql~o 
iq~"'a 
i'111>1 
I 'U IQ 
i'l!80 
1'I3'lu 
iqUou 
i 'I .. 10 
Iq~2n 

E"OI 
ELSE IF FsTACMIll .: 0 THEN TsT : 'I'BI 
~ErcR~ (rSrll 
E~O xI.tOI 

/ .. , 
1**1 

/t •• w.*.******_ •• * •• ******.* •• **** •••• * •• ***.·.*.*.********.******,*.*/ 
/* */ 
/" COMMENT I TMIS SUBROUTINE SE~DS COMMENT LINES TO TM~ ~FMOVf *1 
1* OUTPUT fll.E, */ 
1* *1 
I*****'*.*~ •• *.****.*****.*.******** ••••••• ** ••• ** •• ** *._**** •• *****.*1 

CU .... E"'TI PROCI 
PUT FILE (OTF) EDIT (CO""'ANO.LIIIE,' I) (COLO),AII 
~FTUR~/ 
E"D COMMENT' 

/**' '00, 

,.*/ 
/**1 

1·.* ••• • ••••••••• ****·· •••• ***.***.*** •• ****.**** •• ••• •• *******.******1 
/. */ 

/* SO~TtTI T~IS SUBROUTINE SORTS ALL PREVIOUS~Y CREArED FILES */ 
/* AN~ HA~ES ~RO~ THE SORTED FlLES AN MPS·,OMPATA6LE INPUT FILE, */ 
/* ·1 
/******* ••• ** ••• ********* •• ***********.***.*******.*.* .*.* ••••• ***.***1 

SORTPI PROCI 
DeL LINE_NO FIXED DEC INIT (20011 
DCL OLO_SEP CHAR (8) INl1 ('<;'1'1'1q'l'l'l')1 
IF ~ISTI~G TH€N PUT Ft~E (REpORT) pAG[1 

1.*/ 
/ .. / 

PUT FILE (OTF) EDIT ('NO" SORTING LP SUBfILES.','30RT STATISTICS:', 
'NO. aF ~OWSI".ROWS,,~o. OF MEAL CGLU~N~I".COI.5, 
'~O, a. INTEGER COLUMNSI','ICOLS. 
'NO, 0' BINARy COLUMNSI',.aCOLS, 
'NO, OF SEPARi6LE COLUMN!I','SEP, 
'NO, OF RHSi','RHS,'NO, OF aouNoS:"'BIIDS,' I) 
(2(COL(ll,Al,7(COL(Sl,A,CULI!S),F(5ll), 

IF .RO~S ~ 0 tHEN 001 
PUT FIL.E (OT!l'1 ~oIT (INOW SORTING ROnS',' ') (COL(I),A)I 
CLOSE FILE (RO_Sl) OPTIONS (LOCK)' . 
TITLEIRO"$2l • 11"0"81" 
SORT ROw.REC ON iSeEliaiNG ~EY (ROW.REC.RDW.NAMF.) USING FILE (RnwS2) 

GIvING FILE (RO"83)' 
OPEN FILE (ROft54) OPTIONS (KIND='DISKI,TITLEsfROWS3')' 
ON ENDFILE IRO~S~) GO 10 NEXT1, 
PuT nLE (GREEN) EDIT (lNAIIE','liRf.!N','RO\ltS'l (COLII),.,COLIIS),.)I 
If LISTING THEN PUr FILE (REPORT) EOn IIOO,'NA"e:',IGREE~',.~o, 

'ROd') (COt.(ll,f (Sl,CO!. (II) ,.,CO\.(2S),Al1 
lOOp11 ilEAO FILE (RO .. S41 I~TO IRO· ... REClI 

PUT fIL.~ (GREEN) EDIT (RO"_REC.,RO"'.TYPE,RO"_REC·,RO~_NAMEl 
.. I~OLIZ),A,COL(5),Al' 

IF LISTING THE~ 001 . . 
LINE_NO. LINE_NO + 10Q' 
puT FILE IPEPORT) !DIT (lINE_NO,ROw_REC,RO"_TYPE, 

RO~REC.ROW-NAMEl (COLIll,rI8),COL(12l,A,COL(ISJ,All 
ENOl 

CI) TO LaOI'll 
fl'OI 
',EXTII IF (.COLS " 0) I (JqCOL.S .. 0) I ( .. ~tOLS " 0) 1 ,''sU' " oJ TH!;.N 

puT FILE (GREEN) EDIT ('CQI.UM~S'l (COL(I),A)I 
IF LI~rI"r. TtiF.N VOl 

LINE_"O ~ LIN .... "O + IUu; 
PuT fILE (REPURT) EDIT (UN!;..'lO,'Cn\.U/1N:;'1 (CUL(1I,Hij),C,lL<ll),A)1 

ENOl 
IF _Cu\.S .. 0 THEN 001 

puT FILE. (OTF) !;'OlT (I"OW SORTING REAL COI.UMNa.,' 'l (CUL(IJ,AlI 
CLOSE I'lL.E (COI.<)", ... SI) OpTIONS Ct.OCKlI 
TIlLE 'CUL.';"'1S21 : 'COI..IJ""I91'/ 
SORT C'H ... REC ON ASCE>lOING !(E Y (COL~HEC, C[)L_"~"'f, COL._~EC, 'law_';A,,~) 

USING FILE (COLU!1NSZl (thiN\> FILE (COl..uM'IS311 
aPtN FII.E (COLU""S8) OPTIONS (Kl"10.'OISK',T1TLE:'CUI..U~N5"1' 
"4 E~OFILE (CULU M"S4) GO TO-NEITZ, 
LOCp2: READ FILE (COLU,,"IS4) I~ro (COL-RFC); 

pIn I'ILE C~RH~J EDIT (COL..REC.COL.."4"E,CDL.REC,"O"."."E:, 
COL..REC,COEFF) (CO~(Sl,A,COL(IS),A,CUL(25),A)1 

tF LISTI1G '"EN 001 
LINE_NO • LINt_~O + 1001 
puT FIL~ (REPO~TJ EOIT CLINE_NO,COI..REC,CDL_"AME, 

COL-RECtRO~N.~E,COL-RECtCO~FF) (COL(11,F(~), 
COLCIS),4,CQL.(25),.,COL(;~),AJI 

E'""l1 
Go Tf) LOO"'2; 

E'~V i 
~t.T21 IF 4ICDLS > D 'HE~ nOI 

"JT FILE UHF) tan (I"a~ SORTING INTEGt" COLUM"S',' ') ce:)L(I),'" 
IF LISTI~G T"€~ 001 
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ni)Pl ~tlQt, 
f'\\}" 1 d 7 I' !_. 

I"J' 1 ~ 7 \l 
n:.;,' l!o\ i 2" 
.\,; .. ,~7 21 
"'j0!~7U 
0u~.\ 181~'> 
oOA,~72~ 
l)!jt)l~J2~ 

:10 A 1B7lo 
"v'\18121 
OiJ"1~l,,~ 

~OO!87a'1 

00"1873v 
000187>1 
nO')18n, 
nUn 18733 
00,ll!'731< 
00 0 18711 
nvOlen.! 
OuOI~773 

oUn1871~ 

nU"I'a77:' 
ou')187811 
00"187<10 
ounl~8nu 

Oo"I~6!u 

oon 1 ~82'J 
0001883'J 
OQ'!l!lo~o 
oo<l188'iJ 
no~18<1l>u 
00 0 1887,; 
oon;~8ev 

oonl8~qo 

Ooole'1()O 
00"18'110 
00018'120 
(}0018'1~u 

ooo189Qu 
oOOI~9'io 

(IQO 1 890" 
00016'11U 
nOOlAq~o 

00018'1'1u 
OU019000 
0001'1010 
0001902u 
"{) 0 1 q 0:; ') 
~ 001 q 0 II U 

OQH1905;J 
ouOl'101><) 
000\'10"10 
ouOlqueu 
0001'10'lu 
00 0 1'1100 
OuPI'Ilto 
0001'112u 
1'0" I" 13u 
n I) 01 Q 1 Gv 
o t'O 1" ! <;u 
Ol;!.\ lt1 100 

Htl'll 91 70 
('\vt'll Q 1 MU 
nlj(\ lQl qt1 

nOl\14c!nv 
00" \ 'lei 'j 
(\t)1I1 Q,,2lt 

"Uo 1 "< S'j 
';'1 tll t~c!~n 
.,,)n I '1<15,' 
f'Qr11\l~el) 

oIJ01'1.!7~ 
'\01) 19,;~tJ 

0.),\ I "aq,.J 
1'\ ..)11 1 q jl'llJ 

''')"1'131 v 
n~';'ll <;.iZ;; 
OU"1';;3') 
00 0 1'130') 
(11)0 lq.l~i) 

1)tjfllCJ:jeu 

o1)P1CJ:j1J 

no" 11).)1,.; 
'lll('l,q.}QC 

00') 14lJo'ij 

t'.; q 1 Q-+l oJ 
H;i'11 Q q2·.l 



jq<i.lJ 
j 9,i.u 
I Q"~ 'J 
lq;00 
i q ~ 7 'J 

I qJe'J 
jq,jqo 
iq~ou 
I Q~I!) 
iq~2u 
jq5.1u 
19~4U 
iq~~~ 
i'1~ou 
1'10;70 
j'1Seo 
i9~qo 
19bOO 
iqalu 
i<i620 
1 9 030 
jqiiQ.) 
j9i;511 
1960u 
iqb7u 
if/ti80 
19b'1u 
iq'ioo 
i9710 
191Zu 
i'H.lO 
iq140 
19150 
j970u 
jq71u 
19180 
i979(1 
j960u 
19810 
iqijzo 
i98.1o 
19840 
iq850 
iqSoo 
19b70 
i9~~o 
iqd90 
Iqqllu 
i Q'll U' 
iqq21l 
1'1"50 
iq440 
jq4~u 
j9900 
19Q7J 
j9Qau 
i9Qqo 
tOaOo 
~OOlu 
.0020 
~OO.lO 
do"u 
~005u 
~OUOtl 
~0010 

~Ol'aU 
,009U 
~OIOO 

~oilo 
~OlcO 
~O \.Iu 
cOl 4 0 
i:015u 
cOibO 
(0 17_' 
~oiSo 
c:oiqll 
1:02"0 
(0210 
~n1!20 
(Oe3U 
,,02"0 
,02~u 

i:Oebo 
(onO 
(026~ 
(OcOO 
(0.100 
.0~1f) 

Ll"E_~O • LI~E..,~() • 10 01 
PUT FILE (~EPORT) tOl' (LINE_NO, 'INTI '," 'HAR~ER" '," 'I~TUQG' .,) 

(COL(I),' (a),CO~(I~),A,CO~(25I,.,CO~(50J. '11 
E ',n I 
PUT fl~E (GREE~) EDIT ('INTI'," 'MARKER" '," 'I~TURG"') (CgL(SI,A, 

r.O~(IS),A,COL(401,A)1 

C~OSE FI~E (INTI) OPTIONS (~OCK)I 
T! T L ( (I'I T 2) : 'I N T I I I 
SORT COL_REC IN ASCENOI~G KEY (CO~_IlEC,COL_IO'~E,CO~_wEC,~U._NA"EI 

USl~G FILE (INT21 GIvI~G FILE (I~T3)1 
oP~~ fILE (INTQ) OPTI~NS (KINO.'bI5~',TITLE='INT3'11 
DN ENDFILE (INTQ) GO TO NExT3/ 
LOOpll ~EAD fILE (INTQ) INTO (CO~REC)I 

PUT FILE (GREEN) f.OIT (COL_REC,CO~~AME,COL_Rf.C,ROW_N4~E, 
.. . COL_PEC,COfH) (COL.(5),A,COL(l5),A,COLc2S),A)/ 

IF LISTING THf.k 001 
LINE-N(l • LINt..NO • 1001 
PUT FI~E (REPORT) ~OIT (LINE_NO,COL_REC,CUL_NAME, 

CO~REC,RO~NA~E,CO~REC,COf.FFI (COL(I),f(B), 
COL(IS),A,CO~(25),A,COL(35),A)1 

ENOl 
GO TO LOOP}I 
_ExTll PUT FILE (GRfEN) EDIT ('INTIO','I 'H~PKER' ",, l'INTENn,.') 

(COL(SI,A,COLtISI,A,COL(401,A)1 

EllOI 

IF LISTING THEN 001 
LINE_NO • LINE_NO. 1001 
PUT FILE (REPORT) EDIT tLINE_NO,II"T101,II'MARKERft" 

"'I"T[NO"') (COL.CI),'(81,LO~(IS),A,COL(2S),A, 
COLCSO),AII 

If .BCOLS > 0 THEN 001 
PUT FILE (OTfl tOll (INO" SORTING BINARy COLUMNSI,' ') (CUL(I),A)1 
PUT FILE (G~EEN) EDIT ('INT2', II 'MARKERI",' I 'eIvORG' ,') (CO~(S),A, 

COL(IS),A,COL(QO),A)I 
If LISTING THEN 001 ' 

LINE_NO: LINE-NO. 10 01 
PUT fILE (REPORT) EDIT (LINE_NOt'BIYI'," IMARKER' "," 'BIVOPG"') 

. (COL.(I),,(e),COL(15),A,COL(Z5),A,CO~(SO),A)1 

fNDI 
CLOSE FILE (BIYI) OPTIONS (LOCK)I 
TI TLE (BIV2) • 'SIVI' I 
SOOT COL_REC ON ASCENUING Kf., (COL_IlEC,COL_NAHE,COL_PEc.oU._~."E) 

USING FILE (SIVZI GIVI~G FILE (BIV3)1 
OPEN FILE (~Iv") OPTIO~S (KINO='OISK',TITLE=ISIvl')1 
ON E~DFILE (81v~) GO T0 NExT41 
LOOP41 REAU FILE (SIV") INTO (COL-RECII 

PUT FI~E (GR~E~) EUIT (COL_kEC,COL_~A~E,CO~_RF.C,RO~_~A"E, 

CCL-REC,COErF) (CO~(S),.,CQL(lSI,4,COL(2S),Al; 

IF LISTI.G TrlE~ 001 
LINE_~O = ~INE_~O • 1001 
PuT Fl~E (RtPORT) EDIT (~INE_~O,COL_REC,COL_~AME, 

COL._"EC,RD~_NA~E,COL-R~C,CUE") (COL( I),F (8), 
COL.(15),~,CDL.(25),A,COL.(3S),4); 

ENt) ; 
GO TO LOOP41 
NExT"1 PUT FILE (GR~EN) EDIT ('INT20'," 'MARKER" '," 'pIvEND"') 

(CO~(S),A,COL(IS),A,COL.(U01,A)1 

~NOI 

I~ LISTl~G TM<N DO' 
LINE_~O = LINE_hO • IUOI 
PUT FILE (~EPORT) EDIT (LINE_NO,'BIYlu'," 'MAR~ER"', 

• I 'BIvENOI"1 (COL.(l),F(A),C0L.(IS),A,COL(2S),A, 
COL(50),A11 

IF *SEp ) a THE~ 001 
PUT FILE (OTF) EDIT (INOW SORTING SEPARABLE CaLUM/lS',' '1 

CCO~(I),A)/ 

CLOSE FILE (SEPI) OPTIONS (LOC~)I 
TITLE(SEP2) • 'SEPl'1 
SORT SEP_REC ON ASCENDING KEY (SEP_REC,SEP_SEI,SEP_REC,CCL_~AHF, 

SEP_REC,ROW_NAME) USING FIL~ (SEPZI GIvING FILE 
( SEP])I 

OPEN FILE (SEP4l OPTIONS (KINO.'OISKI,TITLE='SEP1')1 
ON EhOFILE (SEPQ) GO TO NExTSI 
1.00pal READ FILE (SEP") INTO (SEP_REClI 

IF OLO_SEP ~= SEP_REC,SEP.SET THEN CUI 
OLO_SEP • SEP_REC,SEP_SET, 
puT FILE (GREEN) EOIT (SEP_REC,SEP_SET," 'HARKER"', 

I I 'SEPORG" I) (CO~(5),.,COL(15),A,CO~("0),A)1 
I~ LISTING THEN 001 

LINE_NU • LINE_NO. 1001 
PUT FILE (REPORT) EDIT (~INE_NO,SEP_NEC,SEP_SET, 
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IF LISTI~G T~e\ oel 
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ENDI 
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,. ·SEPF.~D"'l CCOI.(I),F(A),COI.Cl~),A,COl(2~J,A, 
COI.(5Q},All 

IF .RHS > 0 T~EN DUI 
puT FILE (OTF) tOIT (INOW ,ORTING RM5',' I) CCOl(I),A}1 
PUT FILE (GREEN) EDIT CIRHS I) (COI.(I) •• ); 
IF lISTING THEN 001 

L.I·~E.J.jO .. lII<E_"O + 100, 
PUT FILE (RE~ORT) EDIT (L.INt.-NO,'RHS') (CUL(lJ,F(8),COL(11),A 1I 

ENDI 
CLOsE FII.E (RHSI) OPTIONS (L.OCK)I 
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SOIlT R"~.REC u'l 4SCEIoIvx.,r; Kl v (lm3.fifC ,RHS_N~NE, Ri'!S.R~C .RJ"_'ll~~' 

- USING 'ILE IRHS2) GI'I~~ FILE (~HS])I 
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l) I 

ENl'l 
CLOSE F ILE (B0U~OS 1 1 OPTlO"~ (LOCK II 
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S(J~ r HOUND.REC uN ASC~,.I>ING t<E. y (BOUND~REC .. tlOU'lD_,.AME, 

BOUND_~EC.COI._N"'M~) USING n~E (80I)N052) IilvTN!; 
FILE (BOU'lOSl" 
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~OOp61 READ" II.E (IlUUNOS<I) INTO (BOUND_REel' 
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IF LISTI~G T~EN OCI . 

I.I'~E_NO = I.I,~E...t;Q • 100, 
pur ~I~E (REPORT) tDIT (LINE.NO.'ENOATA') (COL(II,F(81,CQLII11, 

All 
ENO, 
CLOsE FILE (GREEN) OPTIONS (LOCKl/ 
REruf!11I 

E"D 50RT IT; 
1**/ 
1**/ 

1* ••• **** •••• *.*.******* •••••• _ ••••••• ****_ •• * •••• **** •• * ••• ***.**_ ••• 1 
/* -/ 
1* E~D OF MAIN PKOGR.~, */ 
/* */ 
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