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Abstract

In Sweden, the forest act contains spatial regulations constraining the feasible set of the dynamic harvest area space. A dynamic linear programming model is constructed which optimizes the harvest schedule at the forest property level subject to forest act constraints. The model is constructed as an ASP web application. It is found on the internet. The user inputs the present price, price development, volume, growth, area and land information for each stand. Then, for the forest property, the user inputs the feasible extra harvest area of the future time periods, according to the forest act regulations. When the solve button is pressed, the optimal harvest schedule is shown on the screen within approximately one second. The total optimal present value of the forest property, the optimal harvest periods of the different stands, the marginal values of the different stands and the marginal costs of the different harvest area constraints are directly reported.

Questions

A. What is the economically optimal harvest schedule at a forest property?

B. How is the economically optimal harvest schedule affected by the forest act regulations?

C. What is the cost of the forest act regulations at a forest property?

D. What are the marginal values of different kinds of forest stands and marginal costs of different kinds of forest act constraints?

E. Is it possible for the individual forest owner to economically optimize forest harvest scheduling with a personal computer and an internet connection?

F. What are the general effects of the regulations? 

Some area constraints in the Swedish forest act

The forest act regulations are sequentially updated. One of the regulations, 12 §, concerns harvest area constraints at forest property units of different sizes. (Skogsvårdsförordning:  Förordning (1997:712). http://www.notisum.se/rnp/sls/lag/19931096.HTM)

(This is presented in Swedish. An english translation follows below.)

Avverkning av skog på skogsmark 

12 § På brukningsenheter större än 50 hektar skogsmark får föryngringsavverkning inte ske i sådan utsträckning att mer än hälften av brukningsenhetens produktiva skogsmarksareal kommer att bestå av kalmark och skog yngre än 20 år.
Bestämmelserna i första stycket gäller även brukningsenheter på 50 hektar skogsmark eller mindre om brukningsenheten genom fastighetsbildning bildats av mark från en brukningsenhet större än 50 hektar eller tillförts mark från en sådan enhet och mindre än tre år har förflutit sedan fastighetsbildningen ägde rum.
För brukningsenheter större än 1 000 hektar skogsmark får Skogsstyrelsen meddela föreskrifter om hur stor del av skogsmarksarealen som årligen eller under andra perioder får avverkas. Förordning (1997:712).

(Below, the english translation follows.)

Some area constraints in the Swedish forest act

The forest act regulations are sequentially updated. One of the regulations, 12 §, concerns harvest area constraints at forest property units of different sizes. (Skogsvårdsförordning:  Förordning (1997:712). http://www.notisum.se/rnp/sls/lag/19931096.HTM)

(Translation) 

12 § On forest property units larger than 50 hectare, clear felling must not take place in such a way that more than 50% of the productive forest area will consist of bare land and forest younger than 20 years.

The regulation in the first sentence is valid also at forest properties of 50 hectares or less if the forest property unit has been constructed from a forest property larger than 50 hectares or if the forest property unit has obtained land from such a property unit, and less than three years have passed since this change took place.

For forest property units larger than 1000 hectares, the Board of Forestry may state legally binding rules concerning the harvest area that is allowed each year or during other periods.  
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Questions with answers

A. What is the economically optimal harvest schedule at a forest property?

This depends on the prices, costs, price changes, costs changes, rate of interest, possible particular financial constraints, forest stand areas, volumes in different stands, volume growth in different stands, possible harvester och forwarder capacity constraints, delivery constracts, environmental constraints, harvest age constraints and harvest area constraints.  

B. How is the economically optimal harvest schedule affected by the forest act regulations?

The harvest area constraints of the forest act regulations will in many cases affect the optimal selection of stands to harvest during different time periods. The optimal decisions at the forest property level are sensitive to most local conditions in all stands at the forest property unit. 
C. What is the cost of the forest act regulations at a forest property?

The cost of the harvest area constraints can be considerable at many forest properties. In three different real cases, it was found that the present values of the forest property units were reduced to 64%, 68% and 74% of the present values that would be true in the absence of the harvest area constraints. If the forest properties initially have a large area covered with old forest stands, this is typical. 

D. What are the marginal values of different kinds of forest stands and marginal costs of different kinds of forest act constraints?

These marginal values are functions of all specific conditions at the forest property unit. They can be calculated for each specific case. One interesting result is that the value of one particular forest stand may be different to different neighbour forest properties just because of the forest act. It may be optimal for a forest owner with several old stands to buy a 21 year old stand from another forest owner. Thanks to the obtained area of the 21 year old stand, the harvest area in the old stands may increase! (The present value of the 21 year old stand "in isolation" would normally be very low.)  

E. Is it possible for the individual forest owner to economically optimize forest harvest scheduling with a personal computer and an internet connection?

Yes! Just go here http://www.lohmander.com/Program/Avv_SVL/InAvSv8.html
There, you input all the locally relevant conditions in a web page form and send it to a server. There, a multi period linear programming software maximizes the present value of the forest property unit and sends the results back within approximately one second.

F. What are the general effects of the regulations? 

The area constraints of the forest act can reduce the present value of some forest property units very much, in some cases 24 or 36 percent.

Such costs can represent several MSEK per forest property unit.

From the society point of view, one may argue that it is good for long term employment at the forest property to have a constant harvest activity. On the other hand, since most private forest properties are very small and almost no people are permanently employed at the private forest property units, the constant harvest activity at the particular forest property unit has almost no effect on local employment.

Hence, the author is strongly convinced that society would benefit from less harvest area regulations at the forest properties. 

Can society as a whole really afford to pay millions of crowns per forest property unit without gaining anything at all? 
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Numerical appendix

Optimal harvest scheduling with forest act constraints

Web site: http://www.lohmander.com/Program/Avv_SVL/InAvSv8.html
Example:

We consider a forest property unit of 52 hectares. This consists of two old stands, stand 1 and stand 2, that from a present value optimization perspective should be harvested very soon. The stand data relevant in these stands are found below. One year ago, a stand of 14 hectares was harvested. 12 years ago, another stand of 8 hectares was harvested. 

Below, we find the input and output from the optimization software on the internet. 

First, we find the optimal results when we take the harvest area constraint of the forest act into consideration. The optimal present value of the forest property unit is 1 190 232 SEK. 

Then, we assume that the harvest area constraints are very generous (50 hectares) and do not affect the optimal solution. As a result we find that the optimal present value of the forest property unit is 1 566 261 SEK.  

In this case, we may conclude that the cost of the forest act regulation is 

1 566 261 SEK - 1 190 232 SEK = 376 029 SEK.

This constraint reduces the present value of the forest property unit by 24 %.
Case 1

Ekonomisk avverkningsoptimering m.h.t. arealrestriktioner
Peter Lohmander 2002-02-09

Top of Form 1

Antal möjliga avverkningsobjekt (bestånd) = Nbest = 
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Arealutrymme i perioden 0-5 år = 
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Arealutrymme i perioden 5-10 år = 
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Arealutrymme i perioden 10-15 år = 
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Arealutrymme i perioden 15-20 år = 
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Kalkylränta (där räntan utfaller en gång årligen) = r (%) = 
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Maximalt antal iterationer inom optimeringen (100 - 10000) = 
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Bestånd nummer 1

Nettopris just nu (SEK/M3SK) = 
[image: image13.wmf]

220



Nettopristillväxt (SEK/M3SK/ÅR) = 
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Virkesförråd just nu (M3SK/HA) = 
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Volymtillväxt (M3SK/HA/ÅR) = 
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Markvärde efter avverkning (SEK/HA) = 
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Beståndsareal (HA) = 
[image: image18.wmf]

10






Bestånd nummer 2

Nettopris just nu (SEK/M3SK) = 
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Nettopristillväxt (SEK/M3SK/ÅR) = 
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Virkesförråd just nu (M3SK/HA) = 
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Volymtillväxt (M3SK/HA/ÅR) = 
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Markvärde efter avverkning (SEK/HA) = 
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Beståndsareal (HA) = 
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Ekonomisk avverkningsoptimering m.h.t. arealrestriktioner 
Peter Lohmander 2002-01-08 

Tabell 0. Optimalt totalt nuvärde

Optimalt totalt nuvärde (SEK) = 
1190232 

Tabell 1. Optimala avverkningsarealer (HA) under olika perioder

Bestånd \ År 
0 < t < 5 
5 < t < 10 
10 < t < 15 
15 < t < 20 
20 < t 

1 
0 
0 
0 
0 
10 

2 
4 
0 
8 
0 
10 

Ekonomisk avverkningsoptimering m.h.t. arealrestriktioner 
Peter Lohmander 2002-01-08 

Tabell 2. Inoptimalförluster (SEK/HA) under olika perioder

Bestånd \ År 
0 < t < 5 
5 < t < 10 
10 < t < 15 
15 < t < 20 
20 < t 

1 
4415,19 
2770,2 
1528,23 
623,84 
0 

2 
0 
0 
0 
0 
0 

Tabell 3. Beståndens marginella värden (SEK/HA) 

Bestånd 
Marginellt värde (SEK/HA) 

1 
38127,38 

2 
30815,58 

Tabell 4. Marginalkostnader p.g.a. arealrestriktioner (SEK/HA) 

Period 
Marginalkostnad (SEK/HA) 

1 
4957,95 

2 
4502,42 

3 
4078,47 

4 
3686,03 

5 
0 

Case 2

Ekonomisk avverkningsoptimering m.h.t. arealrestriktioner
Peter Lohmander 2002-02-09

Top of Form 1

Antal möjliga avverkningsobjekt (bestånd) = Nbest = 
[image: image25.wmf]

2



Arealutrymme i perioden 0-5 år = 
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Arealutrymme i perioden 5-10 år = 
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Arealutrymme i perioden 10-15 år = 
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Arealutrymme i perioden 15-20 år = 
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Kalkylränta (där räntan utfaller en gång årligen) = r (%) = 
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Maximalt antal iterationer inom optimeringen (100 - 10000) = 
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Optimera!




Bestånd nummer 1

Nettopris just nu (SEK/M3SK) = 
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Nettopristillväxt (SEK/M3SK/ÅR) = 
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Virkesförråd just nu (M3SK/HA) = 
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Volymtillväxt (M3SK/HA/ÅR) = 
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Markvärde efter avverkning (SEK/HA) = 
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Beståndsareal (HA) = 
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Bestånd nummer 2

Nettopris just nu (SEK/M3SK) = 
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Nettopristillväxt (SEK/M3SK/ÅR) = 
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Virkesförråd just nu (M3SK/HA) = 
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Volymtillväxt (M3SK/HA/ÅR) = 
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Markvärde efter avverkning (SEK/HA) = 
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Beståndsareal (HA) = 
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Bottom of Form 1

Ekonomisk avverkningsoptimering m.h.t. arealrestriktioner 
Peter Lohmander 2002-01-08 

Tabell 0. Optimalt totalt nuvärde

Optimalt totalt nuvärde (SEK) = 
1566261 

Tabell 1. Optimala avverkningsarealer (HA) under olika perioder

Bestånd \ År 
0 < t < 5 
5 < t < 10 
10 < t < 15 
15 < t < 20 
20 < t 

1 
10 
0 
0 
0 
0 

2 
22 
0 
0 
0 
0 

Tabell 2. Inoptimalförluster (SEK/HA) under olika perioder

Bestånd \ År 
0 < t < 5 
5 < t < 10 
10 < t < 15 
15 < t < 20 
20 < t 

1 
0 
3312,95 
6573,41 
9747,5 
12809,7 

2 
0 
4957,95 
9460,38 
13538,86 
17224,9 

Tabell 3. Beståndens marginella värden (SEK/HA) 

Bestånd 
Marginellt värde (SEK/HA) 

1 
50937,08 

2 
48040,49 

Ekonomisk avverkningsoptimering m.h.t. arealrestriktioner 
Peter Lohmander 2002-01-08 

Tabell 4. Marginalkostnader p.g.a. arealrestriktioner (SEK/HA) 

Period 
Marginalkostnad (SEK/HA) 

1 
0 

2 
0 

3 
0 

4 
0 

5 
0 
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