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CHAPTER II

DETERMINISTIC HARVESTING DECISION WHEN A
STANDING FOREST PROVIDES NET VALUE

Introduction
"In any realistic model, regeneration costs and the costs
of making recreational services accessible to people would have

to be explicity considered." (Hartman, R., p. 57)

The quotation from Hartman serves quite well to introduce the
issues discussed in this chapter. Hartman developed and Strang extended
a Faustmann-type forestry model to determine the optimal rotation time

when a forest resource stock (standing forest) per se has consumptive

» value (i.e., recreational value). Although acknowledging the need for

cost considerations, neither Hartman nor Strang incorporated such costs.

Does considering regeneration costs and/or costs of producing and
making recreational services accessible impact the optimal length of
rotation? If it does, in what way and in which direction?

In order to focus on these issues, a more generalized model is
presented in which regeneration costs and costs associated with
recreational services are explicitly introduced. In other words, a
model is developed to determine the optimal harvesting time (if it
exists) for a forest that provides net value when standing as well as

when harvested.




Setting of the Problem

As noted in Chapter 1, the problem cf determining the optimal rota-

tion of a forest is fundamentally a problem in capital theory. Although
the growing forest stock may be considered as an asset in the formof
gocds in process or inventory, a standing forest may be treated as a
special kind of durable equipment providing a flow of services. This
model incorporates both the commercial value of timbers when the forest
is harvested as well as the value of services flowing from a standing
forest. Hence, both the concepts of forest asset are relevant here,

The distinctive feature of economic activity involving capital is
that it takes place at more than one point in time. Both the holding of
inventories and the management of durable equipment may be treated in a
unified manner through the temporal theory of production. For both, a
stock of productive goods may be represented as an input to the stock-
holding process when it is acquired. Output/service levels of the
stockholding activity depend not only on acquiring a stock of productive
goods, but also on various other inputs of material and services that
represent production and maintenance activity (Jorgenson, et al.).

-In this forestry problem, timber production and recreational
services involve regeneration inputs, inputs required for preparing
campgrounds, maintaining mountain rescue teams, generating wildlife
habitat improvement programs, and providing program administration.
Maintenance activity involves inputs related to preserving the flow of
services of a standing forest besides preserving the stock of trees.

The objective of a harvesting or maintenance policy is to find a
sequence of times for harvesting successive forest stands that maximize

the discounted total "net" benefits over the 1ife of the investment
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process. Any time sequence for harvesting constitutes a rotation

"optimal

policy; a sequence that maximizes the total net benefits is an
rotation policy."

In the following analysis, the forest resource is assumed to be
owned by a hypothetical competitive firm operating in an environment of
certainty. It is a deterministic world in which all current and future
demands, and prices and costs are known; in which current and future
reserves of the resource can be observed and measured accurately; and in
which environmental factors affecting the growth or deterioration of the
resource are either insignificant or are perfectly predictable.
Further, a given plot of land is considered, with all trees harvestec
simultaneously (clear cutting as opposed to selective cutting).
Individual trees are assumed to be identical when they are regenerated.
Rotation restores the investment and regeneration process to its
original state.

The Objective Function and Existence
of an Optimal Rotation Age

This section formulates the appropriate objective function to be
maximized under the above assumptions and examines the existence of the
optimal harvesting age for two specific situations.

Following Hartman and Strang, let G(t) denote the stumpage value in
a forest of age t. This can be thought of as the value of the timber
less the cost of harvesting. G(t) is assumed to be bounded and, unlike
standard durable equipment, has the following growth curve shape:
appreciating in value at an increasing rate, then at a decreasing rate,
reaching a maximum, depreciating, leveling off, and finally, again

gradually falling. The Hartmann-Strang G(t) curve does not exhibit this
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last possible eventuality. Natural biological decay is likely to over-
whelm the steady-state forest at a very old age. Further, harvesting
cost may be an increasing function of forest age. Taken together, these
imply the ultimate falling phase of G(t).1 The value of the flow of
services of the standing forest at age t (e.g., wildlife habitat, flood
control, viewing, and hunting), will be referred to as F(t) or
recreational services. F(t) is assumed to be bounded and that initially
F(t) rises at an increasing rate, then at a decreasing rate, reaching a
maximum, and eventually declines gradually. This characterization of
F(t) again contrasts with the Hartman-Strang F(t) function that
asymptotically approaches a maximum and never decreases with age. But
in the present analysis, it is plausible to assume that old growth trees
are subject to "wear out," defined as the decline in the recreational
value or quality of the standing forest attributable to the normal
forest aging process. Hence, F(t) eventually declines. Figures 1 and 2
depict the assumed characteristics of G(t) and F(t) respectively. (The
subscript H is used to depict the Hartman-Strang specifications.)

F(t) may be considered as the flow of the gross value of recrea-
tional services. In contrast, this analysis highlights the impact of
net values associated with the 1ife of a forest on the optimal rotation
time. So, the costs associated with the producing and maintaining the
flow of recreational services are introduced to derive the flow of net
value. To keep the analysis simple, an analytical technique suggested

by Henderson and Quandt is utilized.

T 1 am thankful to Professor Richard Fisher, Head, Department of
Forestry, USU, for confirming my initial thought in this regard.



