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6.4

Problem Identification We can identify this problem as:
1.  Decision maker. Wildlife planner.

2.  Goals. Produce habitat for elk.

3.  Criterion. Size and spacing of forage created each time period subject to size limits.

4.  Activities and decision variables. The activity is clearcut harvest and replant. The decision variable, Xij represents harvesting management unit i in period j, which is similar to the previous timber and wildlife example. However, we restrict the Xij to be binary variables in this problem in order to require that the entire management unit must be cut if it is selected. This is necessary so that two clearcuts are not located next to one another, creating openings larger than 120 acres. 

Objective function.  The objective function consists of maximizing the age differences between management units located next to (adjacent to) one another.  By doing this, we hope to develop a landscape where the management units with maximum cover quality (the older forest stands) are located next to management units with maximum forage quality (the recent harvests).

Maximize  A11 + A12 + A13 + A21 + A22 + A23 + .... A91 + A92 + A93
As we will see shortly, Aij represent an index of age differences between management unit i, and all of the neighboring management units to unit i, during period j. 

5.  Constraints.

a.  Do not permit two created forage units to share a common edge in Period 1

There are several techniques to express this relationship. The technique we illustrate here requires an equation to be written for pair of neighboring management units that could be harvested in this period. 

 To begin with consider the neighboring pair of  management unit 1 and management unit 2,

X11 + X21 ( 1
Since the Xij are binary variables, this equation permits either management unit 1 to be harvested in period 1 OR management unit 2.

Similarly, for the neighboring pair, management units 1 and 4,

X11 + X41 ( 1
Equations for the other neighboring pairs are written similarly.  We have chosen to present these rather simplistic equations to handle these problems.  There are, however, more elegant (and efficient) methods to account for these "adjacency constraints."  Also, the definition of "neighbors" or "adjacent pairs" is flexible.  Here we have chosen those that share and edge; in other instances you may want to consider management units which share edges or points (corners), or those which have edges not touching, but within a certain distance.


b. Do not permit two forage areas to share a common edge in Period 2

These constraints have the same format as for period 1. For example for management unit 1 and its neighbor, unit 4, in period 2

X12 + X42 ( 1

c.  Do not permit two forage areas to share a common edge in Period 3



These constraints also have the same format as for period 1.


d.  A cover management unit can be treated at most one time during periods 1, 2, and 3, due to the requirement to re-grow enough timber to pay for a conversion again in the future. 

X11 + X12 + X13 ( 1

   Equations for the other management units are written similarly.


e.  Goal constraints for forage.  We wish to maintain approximately 240 acres of forage in each time period.  therefore, we will require that exactly 2 units of forage be created in each time period.




In period 1, the constraint can be written as, 

X11 + X21 + X31 + X41 + X51 + X61 + X71 + X81 + X91  = 2

Similar equations are written for periods 2 and 3.


f.  Age difference accounting row definition.

Since we are interested in maximizing the age differences between management units that share an edge, with the hope of providing high-quality cover areas which are next to forage areas, we need to determine what the age differences might be given the choices we have.  The following equations do just that, and the results are used in the objective function.

For management unit 1 during period 1, we can use the following equation:


120 X11 - A11 = 0

How did we arrive at the coefficient for X11, 120?  If we assume that we cut management unit 1 during period 1, its age for the purpose of evaluating the effect on elk habitat quality, becomes 0.  We have already indicated above that neighboring units 2 and 4 will not be harvested if unit 1 is harvested, so the age differences become

(age of management unit 2 - age of management unit 1) + (age of management unit 4 - age of management unit 1)


or, 

(60 - 0) + (60 - 0) = 120

since all units are initially 60 years old, and the harvested unit is effectively 0 years old.  If management unit 1 is cut in period 1, and X11 becomes 1 (rather than 0), A11 will take on the value of 120, otherwise A11 equals 0.

Similarly, for management unit 2 during period 1, we can use the following equation:

180 X21 - A21 = 0

Where the coefficient for X21 was determined by the following:

(age of management unit 1 - age of management unit 2) + (age of management unit 3 - age of management unit 2) + (age of management unit 5 - age of management unit 2)

or,

(60 - 0) + (60 - 0) + (60 - 0) = 180

Accounting for age differences in period 2 and 3 is a little more difficult, since here we need to know how whether the neighboring units have been cut in a previous period.  For the possibility of harvesting management unit 1 during time period 2, we could use

160 X12 - 60 X21 - 60 X41 - A12 = 0

Where the coefficient for X12 was determined by the following:

(age of management unit 2 [if not harvested yet] - age of management unit 1) + (age of management unit 4 [if not harvested yet] - age of management unit 1)

or,

(80 - 0) + (80 - 0) = 160

With the part of the equation "- 60 X21", we account for the possibility that management unit 2 was actually harvested in time period 1.  If management unit 1 will be harvested during time period 2, management unit 2 was harvested in time period 1, and management unit 4 has not been harvested, what are the age differences around management unit 1?  The difference between units 1 and 2 is only 20 years, since unit 1 is 20 years old during time period 2 (if cut during time period 1).  The difference between units 1 and 4 is 80 years, since unit 4 is 80 years old in time period 2.  The total differences are therefore 100 years around management unit 1.

Alternatively, using the equation above, the differences would be

160 (1) - 60 (1) - 60 (0) = 100

and therefore A12 would have the value of 100.


g. All Xij are restricted to be binary variables {0,1}.

As the goals of a forest plan become more complex, we are faced with having to develop some very creative methods for developing plans that adequately address each goal.  The cover and forage example we have discussed above illustrates some techniques used to spatially control activities on the landscape. Although this simple example could have been solved by inspection, when we express our requirements over a larger, more diverse landscape with a longer planning horizons the problem becomes much more complex.  Then, the creation and solution of a formulation such as the one constructed above becomes a necessity.
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