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Density of Forest Road. (2)
Capacity cost.

Tsutomu AriMizu
(Résumé)

Justification of the forest road system, which we call forést road density, has been made on
the basis of conventional cost control or ambiguous benefit-cost analysis with static nature
lacking welfare concept sometimes!®, although it is long-range and dynamic consideration that
is essential for forestry.

In this paper an approach is made for economic justification of forest road density® from the
aspect of dynamic programming on the basis of capacity cost of the well-known marginal cost
pricing theory?4® which has been developed by Marcel Boiteux®, H. S. Hournakker, Peter O.
Stemner?, J. Hirsureirer and so onf®,

For instance, Dr. Stemver wrote in his papert) that to generalize the augument it is essential
to recognize that a unit of capacity is justified if and only if (1) it is justified by the demand
in any period alone or (2) it is justified by the combined demands in two or more periods. This
way of thinking is nothing but an eloquent expression of the principle of optimality in his
approach to marginal cost pricing on the basis of which Dr. Richard Beiiman, RAND Corpora-
tion, developed for the first time the so-called dynamic programming and adaptive control pro-
cesses%6) if in that above sentence referred to “or” was replaced by “and”: this is right.

In this way marginal cost pricing is one of the problems of dynamic programming. According
to the language of dynamic programming®, marginal cost pricing theory up to recent times
has been attacking one-dimensional deterministic multi-stage allocation processes. In this paper
the writer showed for pedagogical purposes the two-dimensional case with the two variables
Xi1(t) and X,(¢), which represents the maximum#® flow of log-loading trucks at time ¢ and the
capacity of forest road density already developed, respectively35)5657,

Let a(?) be the ratio occupied by vehicles not for forestry activities, and z:;(¢#) the speed of
x¢(t), then the following simple system of differential equations with the constraints can be
obtained.

dXi/dt=2z()—a(t)z(t), cX1(0)=c;
dxg/dt=2z,(2), X3(0)=c,q
2e(1)>0

Xi(£)>0

z(H <X, (D),

This is the typical example of bottleneck problems of dynamic programming if the objective
function of it were chosen, for instance, as maximizing X1(7T), and solution of the marginal
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cost pricing in the two-dimensional case is straightforward, because operating cost & (X, ?)
and cost of providing a unit of capacity g;(X, ¢)5® can be determined accordingly once optimal
path of X;(¢) and X,(¢) were determined by this dynamic programming; It is not difficult to
expand the technique to the N-dimensional case.

As the result of this approach, interdependence between economic benefits of forest roads
including forestry, investment criteria, road charges and forest road density were clarified
in a dynamic vision. This is the merit of this approach under not only deterministic but also
stochastic and adaptive cases®5"%%9)  irrespective of the curve of long-range marginal cost.

The feature of this model is aiming at balanced growth of forest road that is different from
Rahman’s approach33? and it will show a difference between Pontryagin’s model3® and Bell-
man’s model which can be said to represent unbalanced and balanced growthé repectively,
although the mathmatical model is somewhat different and in the long run during which we
have to estimate in order to compare the benefit between these two kinds of growth, balanced

growth would be realized eventually.



