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Forest, range, wildlife and watershed managers have based their decisions on
an impirical interpretation of basic inventory data. While this method of
decision making is used widely and has essentially been the only one avail-
able, researchers are now in the position to develop allocation models for
natural resources using systems analysis. Systems analysis evolved during
World War II when it was used as an aid in logistic decisions. After the war
systems analysis was applied in the business world for allocating resources,
products, or personnel to meet demands. However, only within the last ten
years has systems analysis, through allocation models, been used in natural
resource management; and this use has been primarily in water allocation and
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reservoir operation (4, 6, 7, 9). Some allocation models have dealt with
other natural resources such as range forage or timber. But these have
either been extremely limited in the resource base considered (8), limited
to a particular problem concerning one or more resources (1), or both.

Models are needed which will deal with a much broader range of resources and
problems. Natural resource managers, faced with decisions concerning the
allocation of funds in resource conservation and development efforts, must

be able to predict specific benefits resulting from the investment or alloca-
tion of limited funds and manpower available to them from the basic data of
resource condition and potential. Existing techniques can be adapted and new
techniques developed to produce a meaningful transition from inventories to
decisions which enable the manager to use past knowledge and experience, as
well as economics, physical relationships of the natural system, and the eco-
logical and social constraints. A resource allocation model would provide
such a transition. A model can and should incorporate a larger number of al-
natives than the typical manager would consider in the empirical process. It
is not to be implied that such a resource allocation model would eliminate
all empiricism from resource planning, but that the decisions will be based
on a quantitative analysis. Because uncertainties will always be present and
knowledge will never be perfect, final decisions will always be tempered by
the manager's judgement.

In fact, such models will be linked to the manager's experience and expertise
in three ways. First, the decision maker must specify his objectives and
goals so that they can be incorporated in the systems analysis program. Sec-
ond, the manager always has certain levels of production which he must meet,
and these minimum levels of production can be incorporated into the model as
constraints., Finally, after the management plan has been developed with the
model, the manager must still make the decision of whether it should be imple-
mented.

A Desired Model

In developing a model that would serve as an effective tool in managing natu-
ral resources for multiple objectives, a factor common to all objectives is
needed. Two possible factors are the fundamental inputs to the natural sys-
tem, water and energy. Since water, once it enters the system, is more amen-
able to management, it provides this factor. It is also convenient that the
watershed basin is a natural ecological area where in a balance can be struck
between inputs and outputs of water and energy. As such it provides the logi~
cal management area. Even though water can be used to relate the components
and products of the ecosystem, monetary and social values will still be used
to evaluate and compare alternatives to the decision maker.

What should a resocurce allocation model include to be an effective management
tool? Certainly it should include the following submodels as components:

1. A stochastic submodel of rainfall.

2. A hydrologic submodel that will synthesize the effects of land treat-
ment and management practices on water yield.
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3. An operational submodel which will actually serve as the tool for
managers.

0f the above components, the first two provide information and linkages for
the last and will be very briefly covered.

Rainfall Submodel

Precipitation is a major input to the natural system, and one that the manager
cannot control. Rainfall occurrence must be predicted in order for the model
to predict future events. Stochastic models of rainfall such as the one de-
‘veloped by Fogel and Duckstein (3) are promising. Their model at present re-—
quires only two parameters, the mean number of storm events per year and the
probability of having rain at a point given an event has occurred. It is nec-
egsary that this model or a similar one be expanded so that sequential events
are generated over the long term.

Hydrologic Submodel

Several hydrologic models are in existence (2, 5), and it should be possible
to adapt these for the needs of the allocation model. The hydrologic submodel
will provide not only the results of an alternative, but will also give feed-
back to the operational model which may in fact alter the result of that model.

Operational Submodel

The operational submodel is actually the tool for the decision maker and in-
corporates the output from the other submodels of the system. This is where
systems analysis methods will be used to guide resource managers. It combines
technology and economics, subject to the constraints of the physical system,
social patterns, politics, and money available. In the operational submodel,
the wide range of treatments that can be imposed on a watershed are considered
as alternatives to the manager. This does not mean that an unrealistic treat-
ment would be considered for a particular management unit. The components of
the area would be classified by some system and the model would only consider
treatments amenable to a particular class. The resource allocation model is
further explained in the following example.

ExamEle

This example represents an extremely simplified representation of an alloca-
tion model concerning natural resource development and is illustrated in Fig-
ure 1. The model considers only two products of a water basin: water and
forage. Forage is considered only as an on-site product while water can be
used both on the site and down stream. Because this model is simplified and
is a prototype for future model development, only a very limited number of
management alternatives are considered, and those are manipulative treatments
which increase forage yield.

The water basin is divided into subwatersheds or management areas. The sub-

watershed is then divided into management units. The management unit is an
area which is sufficiently homogeneous to permit the decision maker to assume
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that each acre of that area will respond to treatment the same as every other
acre. This assumption never completely holds in the real world, but is nec-
essary because of the continuous manner in which the parameters governing
treatment response occur. In this example the management unit was assumed

to be a general vegetation type. However, this could be refined further to

a more specific vegetation classification or even a vegetation-soil classifi-
cation.

The model utilizes two techniques of systems analysis: linear programming

and dynamic programming. From basic inventory data, constraints and the maxi-
mum level of investment, linear programming is used for each subwatershed to
determine the optimal treatment or development plan for an array of invest-
ment levels. Both the costs and returns of the treatments are compared over a
common planning horizon by discounting to present values. The results are
then used for the dynamic program in which the subwatersheds are stages and
the level of investment is the state variable.

By using the dynamic program, the manager is given a gulde in allocating his
investment among the subwatersheds for the investment levels. An additional
cost to the alternatives is the requirement for water by livestock if the in-
creased forage production is to be utilized, and the cost of supplying that
water using small reservoirs. This is a realistic constraint within the model
because the increase in income from increased forage is not realized unless
that forage is utilized.

After an investment is made on the watershed, a basin decision must be made
concerning the use of the water produced when the plan is implemented. Such

a decision can again use dynamic programming as a tool. In this case, water
may be used for agricultural purposes, by municipalities, or possibly for rec-
reation. The different uses are the stages of the program while the state
variable is the amount of water used by a stage. The basin benefits include
on-gite benefits and the down stream benefits of water use. Finally by com—
bining the results of the two dynamiec programs the manager is given a guide

to watershed development and use of the water that would be produced.

It is hoped, through the development of this model as well as the development
of other resource allocation models, managers will be provided a tool that
will guide them in their decision making process. It is good to reiterate the
idea that good common sense is the final step in decision making and that man
has the last say. However, it is useful to note that even though the source
of knowledge in computer models is man, the computer has the advantage of to-
tal recall and an unfailing memory.
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