CONTAINERIZED SEEDLING PRODUCTION


The local forest nursery is contemplating the purchase of a large seed lot with a guaranteed germination rate of 70% and the following costs:

Purchase cost.....................................................$ 1.70 per 1000 seeds

Sowing cost.......................................................$ 4.04 per 1000 seeds

Blank container carrying cost...........................$ 13.00 per 1000 blank containers

Thinning excess seedlings in a container.........$ 8.37 per 1000 seedlings thinned

There are 375,000 containers available, and there is a production requirement that an expected output of at least 300,000 seedlings be targeted. No replanting of blank containers is possible and those containers that have more than one seedling must be thinned back to leave only one seedling per container. It is obvious that if only one seed is sown per container then the expected production will not meet the targeted output. On the other hand sowing more than one seed per container increases the expected operating costs of the nursery because of the hand thinning that will be required.

I.
What is the sowing strategy that minimizes the expected cost?

(As an initial hint note that the number of seedlings, say x, that germinate in a container in which n seeds have been sown follows the binomial probability distribution. Define Yi as the proportion of the total number of containers in which i seeds are planted. Let i equal 0, 1, 2 and 3.)

II.
Plot the marginal cost curve for targeted production levels running from 250,000 to 350,000.

(Note that you should obtain a step function.)

III.
Plot the average cost curve over the same range.

(Note that the slope of this function will change at each step of the marginal cost curve.)

IV.
How might the owner/operator of the nursery use this information if there were a pure competition market for seedlings? (What should the production target be set at if the free market price for seedlings were $75 per 1000?)

V.
Have all the relevant costs been included?

LAND USE ALLOCATION


A 10,000 acre management unit of public wildland encompasses a large valley and is distributed into three land classes as follows:


North slope

7,000 acres


South slope

2,100 acres


Bottom land

900 acres


Any proportion of the acreage within each of these three land classes can be given over to the production of timber, forage or recreational activity. It is the objective of the land manager to allocate this area among these three possible uses in a way that maximizes annual net revenue.


Prices for products and services are as follows:

Timber



$200 per Mbf

Forage



$5 per AUM (Animal Unit Month)

Recreation



Slopes


$1 per RVD (Recreation Visitor Day)


Bottom land

$3 per RVD


The total available annual budget is $50,000. The average annual yields and costs per acre for each land class and use is given in the following table:

LAND CLASS
LAND USE
YIELD
COST/ACRE/YEAR

NORTH SLOPE
      FOREST
0.30 Mbf
$2.00


      RANGE
0.40 AUM
$2.00


      RECREATION
0.10 RVD
$0.50

SOUTH SLOPE
      FOREST
0.05 Mbf
$0.50


      RANGE
0.10 AUM
$0.10


      RECREATION
0.10 RVD
$0.10

BOTTOM LAND
      FOREST
0.80 Mbf
$10.00


      RANGE
0.90 AUM
$5.00


      RECREATION
25.00 RVD
$20.00

1.
Define the decision variables.

2.
Write out the objective function.

3.
Write out the budget constraint.

4.
Write out constraints for each of the following:

a.
An obligation to supply a sawmill at least 50 Mbf per year.

b.
At least 20% of the total land base to be allocated to each use.

c.
For each acre allocated to recreation at least 10 acres to either forest or range.

SLASH BURNING PROJECT

The preparatory activities associated with a large slash burning operation to be conducted under difficult environmental conditions are often sequential in nature and sometimes quite time consuming. On one such project the following activities and expected times to complete have been identified.

ACTIVITY
LINK
TIME (DAYS)

Preparation of External Fire Breaks
AB
5

Application of Critical Area Fire Retardant
BD
2

Felling of snags in Near Vicinity of Burn
AD
4

Felling of Hardwoods within the Burn Area
AC
8

Installation of Firing Devices
CD
3

Check Performance of Pumps and Related Equipment
AE
2

The sequence of operations can be arrow-diagrammed with each of the listed activities being a "link" connecting two "nodes".
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The pathway through this network from start to end that is expected to take the longest time to complete can be found using linear programming. Consider the following LP formulation:

Decision Variables:


XAB
the path from A to B is selected.


XAD
the path from A to D is selected.


etc.

Objective Function:


MAX:  Z = 5 XAB + 4 XAD + .................+ 3 XCD + 0 XED + 0 XBC
Subject To:


XAB + XAD + XAC + XAE = 1


Source


XAD + XBD + XCD + XED = 1


Sink


XAB - XBD - XBC = 0



Conservation


XAC - XCD + XBC = 0



Conservation


XAE - XED = 0




Conservation

The solution to this LP is:

XAB
XBD
XAD
XAC
XCD
XAE
XED
XBC

0
0
0
1
1
0
0
0

with an objective function value of 11 which represents the expected completion time of the project, 11 days. The "Critical Path" is:  START ( AC ( CD ( END

