PAGE  
5

ASPRock1: A simple optimization model for continuous cover forest management for production and rock fall protection
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Problem description:

We consider a forest which is located on a slope above a community with valuable and sensitive property, including houses, people, cars etc..

A rock which comes down the slope follows a trajectory from north to south. The forest stand is rectangular, 50 meters wide (from west to east) and 200 meters long (from north to south). The protected property is found south of the forest stand and is denoted the ”target”.

The objective is to maximize 
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, the total economic surplus ( = The rate of interest multiplied by the present value of forestry – expected cost of rockfall per year).


[image: image2.wmf]0

()()

F

rhfxhJ

pp

=--



[image: image3.wmf]r

is the real rate of interest in the capital market, 
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denotes the present value of forestry as a function of the first stock adjusting harvest level, 
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. 

(We assume that the optimal value of 
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 > 0.) 
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 denotes the expected number of rocks reaching the target per year. 
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 is the initial stock level and 
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 is the expected cost if the target is hit by a rock. 

The expected number of released rocks from the slope above the forest stand is 
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 per year. 

Example:
We assume that experiments in the forest show that 75% of the rocks are stopped if the forest stock is 50 cubic metres per hectare (for a fixed tree size distribution). (This assumption will later be possible to modify.) 

Hence, if A = 1,
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. We also assume that 
[image: image12.wmf](.)

f

 is an exponential function, which is a more or less reasonable assumption in this kind of problem. 

(The rocks hit different objects (trees) during the passage through the forest stand. Compare this situation to the collision probability models and regulation principles used in the control of nuclear power plants where  particles hit objects.)

Hence, we have this function:
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 We can determine 
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from this equation (when A = 1):


[image: image15.wmf]50

0.25

b

e

=


which gives:
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The forest growth function, 
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 is assumed to be logistic:
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Estimations of the parameters (based on preliminary figures from forest stands in Hebalm, Austria) give the following explicit growth function:
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The present value of the first harvest and the future harvests has been determined to follow this function:
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 is the net price per cubic metre in the first harvest, which occurs directly,  and 
[image: image22.wmf]1

P

 is the net price per cubic metre during the future harvests. We can solve the integral and simplify the expression this way:  
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 We initially assume that these figures, reported from forestry in Hebalm, Austria, are relevant:


[image: image24.wmf]01

650

PPAS

==

  

Of course, the net prices may be quite different in other places. They depend on timber quality, harvest costs and the costs of terrain transport etc..

If we have optimized the initial harvest level, 
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, which indirectly gives the optimal stock of continuous cover forestry, 
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, then the following first order optimum condition holds (since we assume an interior optimum):
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where 
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The interpretation is the following:

The marginal revenue of the initial harvest level, MR, 
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, should equal the marginal cost of the initial harvest level, MC, 
[image: image31.wmf]1

1

fx

J

xh

¶¶

¶¶

.

MR can be described as the derivative of the present value from forestry with respect to the initial harvest level, multiplied by the rate of interest in the capital market. The reason is that the value of the total economic surplus from harvesting per definition is the present value. This present value can in principle be placed in the capital market. 

MC is the cost per damage event (caused by a hitting rock) multiplied by the derivative of the hit probability with respect to the initial harvest level.

It is possible to show that the objective function is strictly concave in the decision variable. That will however not be done here.

An explicit analysis of the optimal decisions in some test cases:

In the test cases below, we assume the following:

The real rate of interest in the capital market, r = 2 %. 

The expected number of rocks released each year, A = 5.

The initial stock level in the forest, 
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 = 300.

Case 1:

J = 300, 000 AS. (This represents the cost of a rather severe damage to a house or a completely destroyed new car.)

Optimal results:
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	293
	4222
	233, 550
	0.149 %


Case 2:

J = 100, 000 AS (This represents the cost of a severe damage to a less expensive building, perhaps a barn, or a completely destroyed second hand car.) 

Optimal results:

	
[image: image37.wmf]1

x


	
[image: image38.wmf]p


	
[image: image39.wmf]F

p


	
[image: image40.wmf]f



	264
	4651
	249, 225
	0.333 %


Case 3:

J = 0 AS (Here, there are no rock fall problems at all and/or no valuable property to protect.)

Optimal results:
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	172
	5412
	270, 614
	4.264 %


Conclusions:

In rockfall areas, we should consider the value of the forest for production and protection. The optimal stock in the continuous cover forest increases if the value of the protected property increases. 

The direct profit from forestry decreases however, since the initial harvest level and resulting stock level no longer maximize the profit from forestry in isolation.

In order to motivate the forest owner to provide this protecting service to property owned by others, the forest owner could be compensated for the reduced direct profit in forestry. Such a compensation is often a low protection cost if we compare it to the alternative cost, namely the cost of advanced steel nets with energy absorbtion. 
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