Forestry 481 – Natural Resource Planning
Sensitivity analysis & adding prescriptions

Note: You’ll find it useful to bring your previous lab handouts and the description of the Jerry Wilcox problem with you.  Also bring your files from last week, if you have them.  If you don’t, a copy will be available in the lab.

Last week you worked with the Jerry Wilcox harvest scheduling problem.  Suppose Jerry decides to consider uneven age management for his tract.  He gets his friend - the local consulting forester - to walk out into the woods with him, and they decide Stand B might be suitable for single tree selection.  They look at Stand B and decide a gradual conversion to single tree selection might work.  The forester helps Jerry develop two possible regimes of slightly different intensity:

Table 1. Stand B - two possible STS prescriptions





Lighter intensity STS


Heavier intensity STS



Pre-harvest inventory
Harvest volume

Pre-harvest inventory
Harvest volume

Period 1
20
5

20
8

Period 2
19
5

15
5

Period 3
21
5

17
4

Ending inventory
23


20


Add these two prescriptions to Jerry’s problem.  Hint: you’ll need to add some new columns, add/change some of the coefficients in the matrix, and modify the equations in the EQUATION column.

Jerry decides to test his new management options with the following management strategy:

-  Harvest as much as possible in the first period.  

-  Harvest at least 2000 Mbdft in the 2nd and 3rd periods.

-  Put at least 20 acres of Stand A into a park, and have a park of at least 30 acres.  

-  Manage at least ½ of Stand B using STS.

-  Have an ending inventory of at least 3000 Mbdft.

Using this management strategy, and the two new prescriptions, solve the problem.   If you don’t have an objective function value of 2946.66666, check your problem formulation.    Run the optimization three times, and generate an “Answer” report, a “Limits” report and a “Sensitivity” report.  Use these reports to answer the questions.  

Questions.  

(1) (1a) Is this problem feasible? (1b) What are the values of the decision variables for this problem (= how will he manage his forest?) 

(2) Aside from the non-negativity constraints, which of the constraints are not binding?   For each non-binding constraint, interpret the “slack” variable. 

(3) Why didn’t both uneven age prescriptions get used?  (Interpret the reduced cost value for the unused prescription.)

(4) Suppose Jerry discovers he measured stand B incorrectly - it’s actually only 99 acres.  What impact would this have on his objective?

(5) What’s the dual price (shadow price) for the ending inventory constraint?  Why does it have this value?

(6) Suppose Jerry decided he only needed to harvest 1500 Mbdft in the 3rd decade.  Without re-running the program, can you tell what effect this would have on his first period harvest?  Suppose he decided he needed to harvest at least 2500 Mbdft in the 3rd decade.  Without rerunning the program, can you tell what effect this would have on his first period harvest? 

(7) Suppose Jerry’s forester friend was greatly confused about the 1st period harvest volume that could be removed with the high intensity single tree selection prescription.  Without rerunning the program, can you tell if Jerry’s management strategy would change if this volume was actually 10 Mbdft?  What if it was actually 18 Mbdft?

(8) The SOLVER program gives an optimal solution to the problem you give it.  Is this solution also the solution to Jerry’s problem of how to manage his forest?

Hand-in:  Your answers to these questions.

Jerry Wilcox Sensitivity Analysis Lab - ANSWERS

1a. Yes, feasible. SOLVER reports a solution was found. If the problem has an optimum, it has at least one feasible solution.  

1b. If he takes this approach, his management strategy will be:

Stand A has 50 acres.  Of that 50 acres, he will put 20 into a no-cut prescription, and 30 into first period harvest.

Stand B has 100 acres.  Of that 100 acres, he will put 50 acres into first period harvest, and 50 acres into the high intensity single tree selection prescription.

Stand C has 100 acres.  Of that 100 acres, he will harvest 1.67 acres in the first period, 58.3 acres in the second period, 30 acres in the 3rd period, and puts 10 acres into the park status.

2. The ending inventory is not binding - the slack value indicates that the ending inventory constraint could be increased by 2216.7 (to a value of 3216.7) before it had any effect on the solution.

3. The lower intensity single tree selection (STS) prescription is not used because it produces less first-period harvest  volume than the other STS prescription.  Its first period harvest volume is 5 Mbdft acre.  The reduced cost value shows that it would have to increase by 2.8333 (to 7.8333) before it would enter the solution.

4.  The dual price value for stand B is 20 - losing an acre would cost him 20 Mbdft for his first period harvest.

5.  The dual price value for the ending inventory constraint is zero - this corresponds to the constraint being non-binding.  If it a constraint is not binding, raising or lowering its right hand side will have no effect.

6.  The dual price for the 3rd period harvest constraint shows that changing its right hand side by 1 Mbdft will change the first period harvest by 0.17 Mbdft.  But to tell what will happen for more than a 1 Mbdft change, you need to look at the section of the sensitivity report showing the allowable increase and allowable decrease for this dual price.  This shows that increasing the righthand side by more than 100, or decreasing the right hand side by more than 1800, will change the problem’s answer.

Thus, decreasing the 3rd period requirement to 1500 Mbdft will increase the first period harvest by 500*.17 =  85 Mbdft, so his new first period harvest volume will be 2947 + 85 =     3032 Mbdft.

Increasing the 3rd period requirement to 2500 Mbdft is outside the right hand side range, so we can’t tell what would happen without re-running the program.

7.  The objective coefficient range for the high intensity STS prescription shows an allowable increase of 9.66666 and an allowable decrease of 2.83333.  Therefore if first period volume had actually been 10 Mbdft, he would do exactly the same thing for his management strategy.  But if the first period volume had actually been 18 Mbdft, he would change his strategy.  (To know what the strategy would change to, you would have to re-run the problem.)

8.  NO!  The mathematical representation of Jerry’s problem is an abstraction.  Because it only grossly represents Jerry’s problem, the answer does not tell Jerry what he SHOULD do.  Jerry can use the abstraction to understand the tradeoffs that he must make:


between putting the old growth into park status, and putting the other 2 stands into park status


between putting land into park status and producing timber


between harvesting timber in the first period and harvesting timber in later periods


between using single tree selection, and getting timber immediately

He may use this information about tradeoffs to end up with a better solution to his problem.  But if he ends up with a better management strategy, it’s because he learned something about the consequences of his choices, not because the computer gave him an optimum solution.

