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Abstract:

Sustainable utilization of the forest resources of our planet is necessary for our survival. The resources can be used in many different ways, and for several purposes, that all are important to a sustainable world. This paper contains an optimization model that considers sustainability in the following dimensions: Recreation and tourism, a controllable climate, renewable bioenergy supply, supply of timber and pulpwood and economic profits. Forests can be managed in many different ways. In some countries, only continuous cover management is legal. In other countries, the law forces the forest owner to harvest all or nothing. Even with such constraints, there are many different ways to control the forest over time, dynamically changing the size and species structure. Forest management decisions influence the value of the forest for recreation and tourism and, at the same time, changes the flow of bioenergy, the flow of timber and pulpwood, the economic results and the effects on the global warming problem. The system optimization models defined in this paper make it apparent that new mathematical functions with empirical support are needed in several cases. For instance, it is important to determine parameters of mathematical functions that describe how the value of recreation is affected by the properties of the forest stands. 
1. Rational coordination of the decisions in the forest industry, infrastructure, energy industry, recreation and tourism sectors, with consideration of climatic effects
Let the activities in the sectors “forestry and forest industry”, infrastructure, energy, and recreation (including tourism), be denoted
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. We also consider the future climate
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. A very general approach is to investigate the function  
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 is the total utility as a function of all activities in the different sectors already described (possibly including even more sectors) and the climate. In general, 
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 is affected by the activities in all sectors. Furthermore, dramatic changes in 
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 influence the possible activities, and results of such activities, in all sectors. There are several strong links between all sectors. Let the present values of the profits in the sectors be denoted
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. One computationally feasible, but certainly not completely general, alternative to the very general problem of maximizing 
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 is to try to maximize 
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is a function describing the “direct” utility effects of the climate and where the climate, is a function of the activities in the different sectors. In the simplified approximation, we assume that the changes in 
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 are close to zero and hence do not influence the present value function
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Different optimization methods have different advantages and disadvantages, when they are applied to solve problems with long horizons and large numbers of dependencies. 
Lohmander (2007) presents some adaptive optimization approaches that are possible to use, in cases when the risk and/or uncertainty is relevant, considerable and important, and when processes such as the climate and the market prices can be described as stochastic Markov processes. The adaptive approaches, such as stochastic dynamic programming, however sooner or later, reach the upper dimensionality limit in problems with many dependent activities. In cases when the investigated systems include large numbers of dependent activities, linear and quadratic programming methods are usually the only computationally feasible approaches. Quadratic programming is more general than linear programming and can also handle quadratic approximations of nonlinear functions in a simple way, which is usually very relevant and important in problems of the kinds discussed in this paper. Hence, the best choice of optimization method is a function of the relative importance of these factors: Risk and uncertainty in the most relevant processes, the number of activities that have to be coordinated and the possibility to handle nonlinear functions.   

Recent studies of optimal combinations of decisions in the forest and energy sectors with consideration of the global warming problem are found in ECOFOR (2008), IISD (2008) and in Lohmander (2008a & 2008b). 
Decisions concerning the activities in the different sectors can be determined, and sometimes optimized, in several different ways. In different historical periods and in different parts of the world, alternative approaches have been used. There are several reasons for this. In some countries, the forests are owned and/or controlled via more or less detailed forest acts, by the governments. In other countries, large numbers of individual forest owners control the activities in the forests almost independently. Furthermore, large forests are owned and controlled by industrial companies that also own saw mills, pulp mills and paper mills. In some regions of the world, such as Sweden, energy corporations presently increase the use of biomass from forests. Such biomass can come from branches and tops (GROT), from stem wood of any dimension and from stumps. A preliminary plan for a global research programme with the title “Rational and sustainable international policy for the forest sector - with consideration of energy, global warming, risk, and regional development” is presented in Lohmander (2009d).
Below, six alternative ways to define the optimization problems with strong links to the forest resources are described. The optimal management activities in the forests are strongly dependent on how the optimization problems are defined. In general, the final results can be improved if the relevant links between the dependent sectors are consistently considered. 
Johansson (1987) focuses on a general theory of environmental benefits. Such theories must however be integrated in the relevant and often complex and multidimensional resource management problems. Hull and Buhyoff (1986) is an example of the interest in explicit functions that describe how individuals like forests with different properties. The functions presented in that article are however not exactly the kind of functions that are needed in order to optimize the relevant multi sector problems where the forest plays a key role. The system optimization models defined in this paper make it apparent that new mathematical functions with empirical support are needed in several cases. For instance, it is important to determine parameters of mathematical functions that describe how the value of recreation is affected by the properties of the forest stands. It is necessary that these functions can be included in the relevant systems that we should optimize. For this reason, and since the most general problems with large dimensions should be possible to solve, nonlinear functions, in particular quadratic approximations, are recommended. Then, quadratic programming can be used to handle the large and relevant system that contains all of the sectors “forestry and forest industry”, infrastructure, energy, and recreation (including tourism).       
1.1 Forest sector optimization

You maximize
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, the present value of the activities in the forest sector, including forest management and the forest products industry, selecting the decisions in this sector, 
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. The decisions must belong to the feasible set,
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1.2 Forest sector and infrastructure optimization 
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, the present value of the infrastructure sector, is also considered in the objective function. The feasible set 
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. Furthermore, the infrastructure decisions are optimized with consideration of both sectors. The optimal result based on this formulation is 
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 Some ideas concerning optimal and coordinated expansion of the forest sector and infrastructure in Russian federation based on this approach are found in Lohmander (2009b & 2009c).   
1.3 Forest sector, infrastructure and energy optimization

Now, also the energy sector activities are included in the problem definition.
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. Recent studies of optimal combinations of investment and production plans in the forest industry and energy industry sectors are reported by Lohmander (2009c).  
1.4 Forest sector, infrastructure and energy optimization plus conditional free access recreation valuation 


[image: image32.wmf]M

R

is the recreation activity combination that is a consequence of free independent decisions by all “recreation actors” and the decisions in the other sectors and includes “wild” tourism. This does usually not maximize the present value of recreation. Here, the present value of the recreation sector is not considered when the decisions in the other sectors are optimized.
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1.5 Forest sector, infrastructure, energy and conditional free access recreation optimization

Here, the present value of the recreation sector is considered when the decisions in the other sectors are optimized. However, it is still assumed that the recreation activities are consequence of free independent decisions by all actors.   
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1.6 Forest sector, infrastructure, energy and recreation optimization

Here, all sectors are considered and all decisions are optimized. 
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Here, the 
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 that is optimal with consideration of all sectors, replaces 
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2. Proof that wild tourism is not economically optimal  
Here, a quadratic model of tourism in two areas is defined. Some numerical assumptions are made in order to illustrate a hypothetical case of relevance. It can easily be generalized to many areas and general parameter cases. We are interested in the total utility of tourism, 
[image: image38.wmf]U

.  
[image: image39.wmf]1

n

 and 
[image: image40.wmf]2

n

 are the numbers of visitors in the areas 1 and 2. The total number of visitors is 20. (We can imagine that the visitors are counted in the unit “thousands of persons” or some other scale.) The utility of a visitor, visiting area 1, 
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, is a decreasing function of the number of visitors to that area. The utility of a visitor, visiting area 2, 
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, is assumed to be insensitive to the number of visitors to that area. This is clearly relevant but it is not the standard assumption in economics, when a “consumer surplus” is calculated. We may consider area 1 to be a sensitive area. With many visitors, the animals and vegetation get disturbed and the area is degraded.
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2.1. The case of free access (“Wild tourism”) 
With free access to both areas, every individual will independently select destination. 

If 
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In spatial equilibrium, 
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2.1. The case of optimally controlled tourism

[image: image55.wmf]1

11122121

max()(())()

n

Uunnunnnn

=+



[image: image56.wmf]1

111

max(20020)20(20)

n

Unnn

=-+-



[image: image57.wmf]1

2

11

max40018020

n

Unn

=+-



[image: image58.wmf]11

1

1804004.5

dU

nn

dn

æö

=-=Þ=

ç÷

èø



[image: image59.wmf]2

2

1

400

dU

dn

=-<

. Hence, the derived optimum will be a unique maximum.
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We conclude that the optimally controlled access to the sensitive area means that the number of visitors to that area should be 4.5. In the case of wild tourism, the number of visitors to that area will become 9. Furthermore, the free (“wild”) tourism will give the total utility 400 and the optimally controlled access will give a total utility that is more than 100% higher, namely 805. Hence, wild tourism will not only degrade the environment but also reduce the potential total utility of recreation and tourism. Of course, with a suitable price system, substantial parts of the total utility can be transformed to profits and present values. 

Conclusions
Sustainable utilization of the forest resources of our planet is necessary for our survival. The resources can be used in many different ways, and for several purposes, that all are important to a sustainable world. Forest management decisions influence the value of the forest for recreation and tourism and, at the same time, changes the flow of bioenergy, the flow of timber and pulpwood, the economic results and the effects on the global warming problem. For this reason, recreation and tourism should not be studied in isolation. They should, and can, be optimized as a part of the total system, with consideration also of “forestry and forest industry”, infrastructure, energy and climate. The system optimization models defined in this paper make it apparent that new mathematical functions with empirical support are needed in several cases. For instance, it is important to determine parameters of mathematical functions that describe how the value of recreation is affected by the properties of the forest stands. Let our research move in this direction! 
References

ECOFOR (2008) (in French) Summary of results by Peter Lohmander (on page 8) in “Evaluation du developpement de la bioenergie”, in Bulletin d’information sur les forets europeennes, l’energie et climat, Volume 157, Numero 1, Lundi 10 novembre 2008 http://www.gip-ecofor.org/docs/34/nancy2008synthseiisd.pdf
Hull IV, R.B. & Buhyoff, G.J. (1986) The Scenic Beauty Temporal Distribution method: An Attempt to make Scenic Beauty Assessments compatible with forest planning efforts, Forest Science, Vol. 32, No. 2, pp. 271-286
IISD (2008) Summary of results by Peter Lohmander (on page 6) in “Evaluation of Bioenergy Development”, in European Forests, Energy and Climate Bulletin, Published by the International Institute for Sustainable Development (IISD) http://www.iisd.org/ , Vol. 157, No. 1, Monday, 10 November, 2008 http://www.iisd.ca/download/pdf/sd/ymbvol157num1e.pdf
Johansson, P-O (1987) The economic theory and measurement of environmental benefits, Cambridge University Press, Cambridge, UK

Lohmander, P. (2007) Adaptive Optimization of Forest Management in a Stochastic World, in Weintraub A. et al (Editors), Handbook of Operations Research in Natural Resources, Springer, Springer Science, International Series in Operations Research and Management Science, New York, USA, pp 525-544, 2007 
http://www.amazon.ca/gp/reader/0387718141/ref=sib_dp_pt/701-0734992-1741115#reader-link
Lohmander, P. (2008a) Guidelines for Economically Rational and Coordinated Dynamic Development of the Forest and Bio Energy Sectors with CO2 constraints, Proceedings from the 16th European Biomass Conference and Exhibition, Valencia, Spain, 02-06 June, 2008 (In the version in the link, below, an earlier misprint has been corrected. ) http://www.Lohmander.com/Valencia2008.pdf
Lohmander, P. (2008b) Optimal dynamic control of the forest resource with changing energy demand functions and valuation of CO2 storage, The European Forest-based Sector: Bio-Responses to Address New Climate and Energy Challenges, Nancy, France, November 6-8, 2008, Proceedings: (forthcoming) in French Forest Review (2009) Abstract: Page 65 of: http://www.gip-ecofor.org/docs/34/rsums_confnancy2008__20081105.pdf
Presentation as pdf: http://www.gip-ecofor.org/docs/nancy2008/ppt_des_presentations_orales/lohmander_session_3.1.pdf
Conference: http://www.gip-ecofor.org/docs/34/nancy2008englishprogramme20081106.pdf
Lohmander, P. (2009a) Strategic options for the forest sector in Russia with focus on economic optimization, energy and sustainability (Full paper in English with short translation to Russian), ICFFI News, Vol. 1, Number 10, March 2009
http://www.lohmander.com/RuMa09/RuMa09.htm 
Lohmander, P. (2009b) Strategiska möjligheter för skogssektorn i Ryssland 
Nordisk Papper och Massa, Nr 2, 2009
http://www.skogssverige.se/nyheter/nyhetsdokument/PL_NPM_2_2009.pdf 

Lohmander, P. (2009c) Derivation of the Economically Optimal Joint Strategy for Development of the Bioenergy and Forest Products Industries, European Biomass and Bioenergy Forum, MarcusEvans, London, UK, 8-9 June, 2009,
http://www.lohmander.com/London09/London_Lohmander_09.ppt
http://www.lohmander.com/London09.pdf
Lohmander, P. (2009d) Rational and sustainable international policy for the forest sector - with consideration of energy, global warming, risk, and regional development, Ministry of foreign affairs, Embassy of Chile in Sweden, 2009-10-07 http://www.lohmander.com/IntPres091007.ppt
_1330421887.unknown

_1330948581.unknown

_1330951152.unknown

_1330951499.unknown

_1330952406.unknown

_1331023384.unknown

_1331023385.unknown

_1331023428.unknown

_1330953564.unknown

_1330952431.unknown

_1330952231.unknown

_1330952405.unknown

_1330952229.unknown

_1330951209.unknown

_1330951241.unknown

_1330951160.unknown

_1330951017.unknown

_1330951110.unknown

_1330951150.unknown

_1330951151.unknown

_1330951130.unknown

_1330951081.unknown

_1330950652.unknown

_1330950969.unknown

_1330950480.unknown

_1330423716.unknown

_1330942188.unknown

_1330942198.unknown

_1330942187.unknown

_1330422849.unknown

_1330423048.unknown

_1330423715.unknown

_1330422902.unknown

_1330421974.unknown

_1330416760.unknown

_1330417116.unknown

_1330421826.unknown

_1330417856.unknown

_1330417983.unknown

_1330418263.unknown

_1330417287.unknown

_1330417843.unknown

_1330416832.unknown

_1330416875.unknown

_1330417115.unknown

_1330416798.unknown

_1330416821.unknown

_1330416776.unknown

_1330415797.unknown

_1330416108.unknown

_1330416748.unknown

_1330416188.unknown

_1330415842.unknown

_1330415669.unknown

_1330415754.unknown

_1330415583.unknown

