
INTRODUCTION — TIMBER MANAGEMENT
Timber managers face a myriad of questions in planning a
stand from regeneration to final harvest. Two of the most
basic questions center around rotation length and stand
density. These two questions are appropriate whether the
objective is fiber or financial maximization. To answer these
questions, foresters must pull out the “crystal ball” and
make predictions, using some form of growth and yield
model to estimate future stand characteristics (total
volume, diameter distribution, species composition). If
financial maximization is desired, then foresters must also
attempt to predict future economic conditions such as the
cost of capital, inflation, future stumpage prices, and the
costs of harvesting. These data are important for making
decisions about sustainable forest-wide management
decisions as well as good stand-level decisions. For the
forest cover types in the central United States, this usually
involves planning and prediction of forest and financial
conditions on a time frame from 25 to 100 years.

Two approaches have been applied in an effort to provide
forest managers with some guidelines for decision making
about rotation length and stand density. The first and oldest
technique is field testing. Representative sites are selected
and management alternatives are actually implemented
and the physical results are measured and reported. The
second approach has grown in use since the advent of
powerful, low-cost computers. Computer simulation of a
forest stand is based upon the use of growth and yield
models and this is coupled with economics to provide
estimations of future outputs.

The following discussion will compare these two
approaches and then provide a detailed description and
one example of an implementation of dynamic

programming which represents one technique for computer
simulation of forest stands. One overall assumption will be
that the problem under consideration is an even-aged
stand, although all techniques are equally applicable to
uneven-aged stand structures. 

TWO APPROACHES — COMPUTER
SIMULATION AND FIELD TESTING

Necessary Resources for Each Method
Actual field testing of silvicultural regimes requires access
to representative sites and the ability to actually implement
and then observe the results of management actions.
Considerable financial, personnel and equipment resources
are needed. This method also requires time for the stand to
respond to the management actions and for repeated
monitoring of stand parameters. It is assumed that
environmental conditions (site, climate) will be typical of the
region to which the study applies.

Computer simulation, on the other hand, requires good
data on initial stand conditions as a starting point for the
simulation. These initial conditions may be a selection of
actual representative sites or a hypothetical composite
site that is considered typical of the region. Growth and
yield models that are responsive to the range of actions
and stand conditions simulated are necessary. For
example, the TWIGS individual-tree growth simulator for
the Central United States (Miner and others 1988) was
developed from a data base that poorly represented
yellow-poplar, Eastern redcedar, and tupelo/gum.
Therefore, this growth simulation would not be an optimal
choice for computer simulation of these species in the
Central United States. Also, whole stand models such as
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yield tables are unable to accurately predict how a stand
might grow if the diameter distribution is altered from
thinnings from above or below. Predicting future tree
quality is also very difficult with whole stand models.
Furthermore, computer simulations will need estimates of
future financial conditions. Data or additional models that
predict stumpage prices, the cost of capital (interest
rates), and the cost of harvesting operations must be
included.

Strengths and Weaknesses of Each Approach
Table 1 is a list of some major strengths and weaknesses
of each approach. Field-based studies have several
advantages. They do not rely upon predictions of growth
and yield or economic conditions. It is difficult to argue
with observed results when properly replicated. However,
it should be noted that even observed economic results,
when applied in planning future rotations, assume that the
future will be the same as the past. The alternatives for
management that are chosen can be put into practice with
relative ease. Due to the great length of time required and
the costs related to acquiring the sites and managing
them, field-based studies are expensive. Sensitivity
analysis is also difficult and type and number of
alternatives is usually kept very low so that adequate
replication can be achieved.

Computer simulation, on the other hand, can test a great
number of alternatives and combinations. Due to the
speed and power of modern personal computers,
simulations can test millions of combinations in hours
rather than decades and at a far lower cost. However,
long-term projections with growth and yield models may be
substantially in error (Rauscher and others 1997) and at
best might be considered only relatively correct. Another
subtle, but important problem with computer simulation is
“artifacts.” An artifact represents a difference in a result
that is not likely to be observed in the real world. For
example, Beck and Della-Bianca developed yield
equations for unthinned (1970) and thinned (1975) yellow-
poplar stands. The two equations are disjoint at any single
given age. When these two models are used together in a
computer simulation, when a stand is thinned, it
immediately shows a slight increase in volume at the

same age! This directs the simulation to thin at an early
age to capture this “free” volume which, in reality, does not
exist. Another form of an artifact may occur from rounding
of values in a simulation. For example, it may be possible
to test the sensitivity of thinning in basal area increments
of one square foot or less, but would the results be
practicable in the real world?

The remainder of this paper presents the basics of one
computer simulation technique, dynamic programming
(DP). A non-mathematical description of DP will be
presented, followed by a mathematical formulation and
then a description of a DP-based computer program
(NESTER). The results of published research on field-
based studies of yellow-poplar will be compared to some
NESTER results.

OPTIMIZATION USING DYNAMIC
PROGRAMMING
Dynamic programming is a computational method that
takes large sequential problems and breaks them down
into solvable, related subproblems which can be linked
together to achieve an optimal solution to the entire
problem. Let’s think about a 20-year-old even-aged
hardwood stand. Let us further assume that management
operations will occur only once every 10 years, and that
the alternatives available are, to do nothing, thin 20
percent or 40 percent of the volume, or clear fell the entire
stand (regeneration harvest). Figure 1 shows a diagram
with a node or state representing our 20-year-old stand.
The state is described by the total cubic foot volume per
acre, in this case 700 ft3/acre. Over the 10 years, this
stand will grow 700 ft3/acre and will have a total of 1400
ft3/acre. If we do nothing, the stand remains at 1400
ft3/acre. If we thin, the stand volume will be reduced to
either 1120 ft3/acre (20 percent thinning) or 840 ft3/acre
(40 percent thinning). If we clear fell the stand it has no
residual volume. From one state in the initial stage (age
20), we now have four possible states in the first stage.
Figure 2 shows a partial diagram of the progression into
the second stage. Note that two paths compete for the
state described by 1600 ft3/acre. As each stage continues,
we will have more states in the decision space and as that
happens, it is more likely that two or more paths will
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Table 1—Strengths (+) and weaknesses (–) of field-based studies and computer simulations

Field-based Computer Simulation

+ Long term growth and yield valid – Long term problems with growth and
+ Economic data is observed, not predicted yield models
+ Alternatives selected are relatively easy to – Long term economic assumptions

put into practice can be invalid
– Costly to implement – Model may reflect artifacts based on
– Difficult to test large numbers of alternatives structure of model

and combinations/intensities + Inexpensive to test
– Long time for study completion + Excellent sensitivity analysis

+ Fast results



compete for a given state. The underlying assumption in
dynamic programming is that any two or more paths that
compete for the same state represent an identical forest
condition with the same future value growth potential. If we
assume that it doesn’t matter how we achieve 1600
ft3/acre in a 30-year-old stand, this assumption holds true.
This is called the principle of optimality (Dykstra 1984). It
is also called the memoryless principle and it means that
an optimal path through the network of all possible states
can be solved one stage at a time.

More formally, the subproblems are often referred to as
stages, and within each stage are multiple states. A
recursive relationship links the stages together. This
recursive relationship contains a method for choosing
optimal states within a stage and for linking optimal stage
policies together into an optimal problem solution. To do
so, certain information must be stored at each state. This
includes 1) a link to a state in an adjacent stage, 2) the
objective function value for reaching this particular state,
and finally, 3) information necessary to describe the state
and make a decision regarding options for moving it to
the next adjacent state and determining its value relative
to the objective function (Figure 3). The formal
mathematics for dynamic programming are provided in
the next section.

Dynamic Programming Formulated
Mathematically
The objective function shown in equation one relates the
value of N management decisions, ƒN*(YN), which yield a
stand described by YN (a regeneration harvest in even-
aged stands). A management decision is defined by the
variable Tn.

(1)

Equation two relates the current state of a stand in stage n
to a state in the next stage n+1 (Yn → Yn+1) by taking the
current stand condition (Yn) and adding the next current
growth (Gn+1(Yn)) and subtracting out any intermediate
harvests (Tn+1).

(2)

Equation three simply relates the volume of a stand after it
has grown (Xn) to its final volume in stage n (Yn) by
showing the difference as the amount of volume harvested
(Tn).
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Figure 1—Initial condition and stage one states for forward-recursive dynamic programming
network.
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Figure 2—Stages one and two of a dynamic programming network.

Figure 3—Competition for nodes in the DP network and tracing the optimal path.


