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Foreword

This volume contains a collection of the papers presented at the Biennial Meeting
of the Scandinavian Society of Forest Economics, May 12-15, 2004 in Jarvenpaa,
Finland. It was a joint event, organised by Finnish Forest Research Institute
(Metla), Forest Economics Forum of the Finnish Society of Forest Science and the
University of Helsinki.

On behalf of the SSFE I would like to heartly thank our keynote speakers Prof.
Darius Adams, Oregon State University and CEO, Dr. Olli Haltia, Infudor Oy, as
well as our panelists in the panel session on topic: “Challenges for Forest Economic
Research”, namely President of IUFRO, Prof. Risto Seppéld, Deputy Director,
Prof. Sten Nilsson, IIASA and Dr. Jussi Uusivuori, Metla.

During the meeting a cultural tour at Tuusula Lake was made. It included a visit to
Ainola, the home of Jean Sibelius, where we had the possibility to enjoy his music.
For research work, as well as for composing, peace is needed for creative
endeavours.

The organizers and participants express their sincere appreciations to Samnordisk
Skogsforskning for indispensable financial support to the conference. We also thank
Dr. Heimo Karppinen and Anne Viljakainen for their efforts in helping to organize
the meeting and Sisko Salminen and Essi Puranen for the layout-work of this book.

Vantaa, September 2004

Heikki Pajuoja
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Developing the Business: Logging Contractors’ Strategic
Choices for Profitability and Work Environment

Oscar Hultéker, (corresponding author)
Folke Bohlin

Swedish University of Agricultural Sciences
Department of Forest Products and Markets
Sweden

Abstract

Logging contractor profits have been reported to decrease substantially in Swedish forestry
in later years. During the same period there have been reports on a declining work environment
in logging leading to difficult recruitment of personnel. Previous research has shown needs for
both business and work environment development in the logging industry. This article continues
our efforts at describing and analysing the strategic choices logging contractors make in order
to develop or transform their companies to improve profitability and work environment.

We have interviewed logging contractors and other representatives of the logging industry
regarding contractor incentives for investing in and developing new products and services as
well as existing business activities. We have explored the same themes in seminars with
contractors, employed machine operators, and buyers of logging services. The contractor
strategies we identify are about creating and appropriating value by utilising the resources of
the firm and market possibilities.

Keywords: ergonomics, investment, market possibilities, qualitative research, strategy

Introduction

Outsourcing of logging operations by forest industry and subsequent contracting of
logging services has increased drastically in Sweden since the 1970’s. Presently, contracting
accounts for at least three quarters of the mechanised logging (Synwoldt & Gellerstedt 2003).
Contractors are usually very small enterprises; the median firm might have four or five
employees. Contractors usually work for forest industry companies or forest owners
associations. Profitability in the contracting business used to be good. Nowadays it is frequently
claimed to be problematic (Lundberg 2000). Previous research on contractor business
development has shown several obstacles to the development of logging contracting into a
more profitable business. Logging contractors have a great dependency on their customers,
hence the prerequisites for business development is also determined by the contractor’s clients.
Contractors as well as their customers frequently lack important aspects to their business
competence, e.g. negotiation technique and leadership. The low profitability in the logging
activity limits the resources available for new efforts and investments (Norin 2002).

Lidén (1995) gave a summary of the logging contractors’ situation in Sweden. Having a
contracting firm she described as a way of living. The incentive for becoming a contractor
often was an aspiration for independence and seeking of a challenge. However, the contractors
often regarded the economic situation as problematic, a view which was exacerbated by the
one sided dependency on one or very few customers. Pontén (2000), as well, pointed to the
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problematic economic situation in logging contracting. Norin (2002) explained the dependency
of logging contractors upon their customers by an over establishment of contractors,
alternatively a lack of alternative customers to the contractors. A well functioning co-operation
between customers and contractors seemed to be of great importance for the contractor to be
able to satisfy the needs of the customers. Norin also described how negotiations usually were
formed on a yearly basis. One problem in the negotiation process was often the role definitions
between the negotiators; neither customers nor the contractors themselves regarded the
contractors as independent businessmen.

According to Stuart (2003), a contractor-customer interdependency was common in the
logging sector around the world, stemming from the previous organisation of logging inside
the forest industry organisations. Makinen (1997), studying successful logging contractors,
applied Porter’s model of competitive strategies being dependent on mainly external factors.
Focusing on success factors for Finnish forest machine contractors he showed that the most
successful contractors had one customer with whom they had had a very long-term relationship
— up to twenty years — a sufficient capacity utilisation, and a not too large operating radius.
Contractors with more customers or shorter relationships reached lower capacity utilisation
and performed worse economically. Prudham (2002) showed that in Oregon, US, two distinct
patterns of logging contracting had developed. One pattern consisted of relatively open bidding
involving more of an arm length s relation between the negotiators. The other pattern involved
repeated contracting between the same parts over a long period of years. Prudham discussed
advantages and disadvantages of both contracting patterns and how both patterns may be in
the interest of forest industries as well as contractors.

Ergonomic problems in forest machine work were observed more than twenty years ago
(Bostrand 1984). Repetitive and monotonous tasks in the machines have resulted in illness
among the machine operators, e.g. acute aches and pains in the neck and shoulder regions. A
work organisation permitting greater variation in the tasks performed could increase the
productivity as well as decrease the level of occupational diseases (Gellerstedt et al. 1999).
Joint initiatives by the Swedish work and health authority and the logging industry focusing
on solving the ergonomic problems were presented by Synwoldt & Gellerstedt (2003). However,
the possibilities of organising work in a more varied way were seriously limited due to lack of
meaningful and profitable complementary occupation and limited economic opportunity for
initiatives. Low profitability and a poor work environment were also forwarded as major
reasons behind reported difficulties in recruiting new machine operators (Persson et al. 2003).
Proper et al. (2004) showed that there might be economy in ergonomic interventions.

The aim of this paper is to continue our exploration of the strategic choices logging
contractors make in order to develop and transform their companies to meet the demands on
profitability and work environment (cf. e.g. Hultdker & Bohlin 2004). Based on qualitative
research we explore contractor strategies for development. We have studied contractor incentives
for utilising and developing market possibilities, thus developing and investing in existing
business activities as well as new products and services.

Theory

Business development
In economic theory development is closely connected to the concept of entrepreneurship.
At least two traditions exist, using the concept in different ways. A unifying factor is the view
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that development is a dynamic process requiring both entrepreneurship and innovation. In the
Schumpeterian tradition (Schumpeter 1926) the concept of entrepreneurship is derived from
the technology innovation function. The entrepreneur disturbs existing market equilibria by
his innovative activity of introducing new ways of production and new products. Another
tradition stems from Kirzner (1993/1973). Kirzner argues that the core issue of entrepreneurship
is the discovery of hitherto unexploited opportunities, thus, in contrast to Schumpeter, taking
care of market disequilibria. Gick (2002) summarises the perspectives of Schumpeter and
Kirzner as being complementary. Kirzner focuses on individual action; Schumpeter focuses
on the market process. Both the Kirznerian and the Schumpeterian entrepreneur calls for the
firm in order to be able to explain how the entrepreneurial process is connected to the utilisation
of resources.

Penrose (1968/1959) introduces the concept of enterprising, thus meaning the attitude to
investigate possibilities for development. The enterprising attitude is a character of the growing
firm, meaning to commit effort and resources to speculative activity in hope of gain. Being
enterprising is a prerequisite for growing in the long run. Penrose presents three explanations
why the firm may grow and why there may be limits to the growth of the firm — internal
conditions (managerial ability), external conditions (product or factor markets), and combined
internal-external (uncertainty and risk). While uncertainty refers to the confidence the
entrepreneur has in estimates and expectations risk refers to the outcomes of action.

According to Moran & Ghoshal (1999), there is a mutual dependency between the firm
and the market, where the firm is the dynamic element shaping the prerequisites for exchange.
Through the exchange process firms and market together bring about adaptive efficiency, thus
shaping the prerequisites for innovative activity and contributing to economic development.
They state three necessary conditions for deployment of a firm’s set of productive opportunities:
First, someone must have or have access to all needed resources; second, someone must benefit
from the execution of the deployment; and third, someone must see the act of deployment as a
viable act anticipating a service.

Strategies

The literature stresses different aspects of business strategies. This is illustrated by
Mintzberg (1987a) presenting five different definitions of strategy. (i) As a plan strategies are
made in advance and continuously being developed consciously and purposefully. This plan
may be general or specific. It deals with how leaders establish direction for organisations. (ii)
Strategy may as well be a ploy; i.e. be regarding a single intended activity. The plan or ploy
may eventually be realised or not. (iii) Strategy may be described as a pattern, a pattern in a
stream of action. This pattern of action emerges into a realised strategy. (iv) The notion of
strategy may also be used for the positioning of resources in an environment. In this meaning
strategy looks at organisations in their competitive context. (v) Finally, strategy may be used
to describe a perspective in perceiving the world. The five definitions of strategy are interrelated
and complement each other. Mintzberg (1987b, pp. 28-29) holds that all five notions of strategy
are “needed to reduce uncertainty and provide consistency..., in order to aid cognition, to
satisfy intrinsic needs for order, and to promote efficiency under conditions of stability...”.
The aim of strategy is to allow people in an organisation to take some things for granted in
dealing with reality. However, effective strategy must not render organisation blind to changes
in the environment (Mintzberg 1987b). According to Mintzberg (1994), viable strategies have
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both emergent and deliberate qualities.

Weick (1987) focuses on substitutes for strategy. The core issue of management, thus, is
to encourage action. As Weick poses it, improvisation may have a greater importance in the
management of firms than is usually accepted. Often strategy is a construction following the
action that has taken place, giving meaning to the preceding action. The management, according
to Weick, rests on presumptions and improvisation to a high degree. He thus introduces the
notion “just in time strategy”. This is not saying that action is stochastic. Both presumptions
and improvisation contain order.

Grant (1991) claims that one important aspect of strategy is the deployment of the
existing capabilities of the firm; another is the development of the firm’s resource base. The
competitive advantage of the firm is mostly dependent on the resources that are “...durable,
difficult to identify and understand, imperfectly transferable, not easily replicated, and in
which the firm possesses clear ownership and control.” (Grant 1991, p. 129) Others, as Porter
(1980), stress the importance of external factors for gaining competitive advantages. Porter
models five factors influencing the state of competition in an industry; competition within the
industry, the negotiating strength of suppliers, the negotiating strength of customers, the threat
from new establishers, and threat from substitutes. As Moran & Ghoshal (1999) pose it, firm-
level strategy is about value appropriation and value creation and they ask how these two
requirements might be balanced. They make a differentiation between strategies focusing on
competitive advantage and shareholder wealth on one side and the creation of new rent sources
on the other. Effective firm-level strategy has to deal with the internal resources of the firm as
well as with the external environment. Storey (1997/1994) explicitly uses the notion of strategy
about ways to achieve goals once in business.

Firm level goals

The different aspects of strategy, whether deliberate or emergent, all have a connection
to action and indicate that action is conscious and directed towards goals. According to Cyert
& March (2003/1992), individuals have goals while collectives do not. In the firm, being a
coalition of individuals, a goal has to be some shared objective. There is not any need for
perfect consistency between different goals at different times or at different places. Penrose
(1968/1959) views the firm as a set of more or less unique productive opportunities. She
claims that the over all incentive behind growth of the firm is to use the available resources as
fully as possible. Snehota (2002/1990) uses the notion of goals or driving forces as the guidance
of behaviour. The business activity is the gain achieving entrepreneurial action of exploiting
market opportunities through exchange processes. According to Moran & Ghoshal (1999),
the goal of the firm seems to be the creation and appropriation of value.

Firm, enterprise, and organisation

The definitions and delimitations of business firms, enterprises, and organisations are
not very clear. The use and meaning of the different notions differ between different authors.
Cyert & March (2003/1992) start using the concept coalition for organised activity but later
tends towards using organisation. Penrose (1968/1959) uses firm throughout. Snehota (2002/
1990) explains the concept of organisation, stemming from sociology, as meaning a collective
of actors related through joint activities of some members. The concept of firm stems from
economics, being an entity with the primary task of transforming inputs into outputs thus
creating value. Snehota prefers the concept of business enterprise, thus meaning a pattern of
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activities with focus on generating market transactions. This is not always in coherence with
other authors. However, our intention in this paper is to follow the notion from Snehota.

Formation of an interpretative framework

Our interpretation of the literature is that business development is a dynamic process
requiring entrepreneurship and innovation. Without an enterprising attitude the business will
not develop in the long run. Strategies are the ways the people forming the coalition of an
enterprise act and intend to act in order to achieve the best use of their collective productive
opportunities with regard to value appropriation and creation. The acting is guided by objectives
operationalised at different levels of detail (Figure 1).
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Figure 1. Interpretative framework of the business development process.

Our notion of strategy is built on Mintzberg’s (1987a; 1994) ideas on strategy having
both deliberate and emergent qualities. Weick (1987) provides a perspective of retrospectivity
and makes a clear distinction between strategic planning and management. The strategy concept
is merged with notions of business development and entrepreneurship. From Penrose (1968/
1959) we include three factors behind business development; internal resources, product or
factor market conditions, and uncertainty and risk. According to Grant (1991), the competitive
advantage is mostly dependent on the resources of the firm. Moran & Ghoshal (1999) give the
development activity guidance by formulating the over all goal of value creation and value
appropriation. Gick (2002) tells us that there is a need for a firm in order to connect the
entrepreneurial activity to resource utilisation.

Essential for the understanding of strategies for business development and the goals of
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the contractors are the three driving forces behind development of the enterprise: Internal
resources and external market conditions as well as the experience of uncertainty and risk.
The enterprising attitude becomes manifest in the entrepreneurial action, which is guided by a
striving to appropriate and create value by deployment of existing capabilities as well as
development of the resource base into beneficial services or products. The strategies may be
formal plans of intended action, which may be realised in action or go unrealised. The strategies
may as well be of a more emergent quality. However, the emergence of entrepreneurial activity
requires some preparedness for action. The preparedness is one manifestation of an enterprising
attitude.

Methods and material

With the objective to investigate the potential for diversifying a logging contractor busi-
ness, interviews were carried out building on traditional qualitative methods in social science,
e.g. grounded theory (cf. Strauss & Corbin 2003/1998). The results have been discussed in
seminars with participants from different sectors of the forest industry (cf. Gustavsen et al.
2001). Interviews and seminars have been conducted indiscriminately in order to successively
form a theoretical framework (cf. Dubois & Gadde 2002).

Interviews

A first set of sixteen interviews was carried out in 2002. Respondents known as successful
logging contractors were chosen in order to investigate different contractor characteristics.
Customers of logging services were also interviewed as were machine manufacturers and a
machine operator (Hultaker et al. 2003). A second set of interviews, three new and eight
complementary with previously encountered contractors, was carried out in the summer of
2003. This time, respondents were chosen in order to study different contractor experiences of
diversification (Hultaker & Bohlin 2004). A third set of ten interviews was carried out in late
autumn of 2003. The main purpose was to study work environment issues. In this set, new
respondents were chosen aiming at giving a good representation of different company sizes
and different parts of Sweden.

Seminars

In November 2002, a seminar on the diversification of logging business was organised,
where decision makers from all three forest sub-sectors participated — 1) logging contractors,
2) representatives of forest companies and industries and forest owners’ associations, and 3)
forest machine manufacturers (Hultaker et al. 2003). In the spring of 2003, interview results
on diversifying businesses were discussed with networks of logging contractors within the
forest machine contractors’ association in Sweden — Skogsmaskinforetagarna (SMF). This
gave the opportunity for contractors to expand upon our ideas for diversification and for us to
find out what interest they have in broadening their activities (Hultaker & Bohlin 2004). In
February 2004 two more seminars were conducted together with SMF aimed at discussing
work organisation and work environment. This time the participants were logging contractors,
representatives of forest companies and industries and forest owners’ associations, and machine
operators.
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Results

During the interviews we identified three different contractor intensities of development
activity: (i) The contractors who were taking active initiatives trying to develop products and
services for supply to the market, (ii) the contractors who were reacting on expressed customer
demands but not taking initiatives of their own, or (iii) all passive contractors making no
efforts to develop new products or services. The contractors’ development efforts were in
many cases triggered by external factors out of control of the contractor. However, there also
seemed to be a need for preparedness for development prompting action when opportunities
appeared. Many of the contractors we studied had experienced a steady cooperation with the
same customers for many years. The other contractors often were newly started enterprises.

The contractors interviewed performed different activities besides logging offered to the

existing customers or to new ones. The entrepreneurial efforts of the contractors had emanated
from, on the one hand, different local opportunities and, on the other, from contractor competence
and interests. We identified different contractor driving forces as well as constraints for
development of the logging contracting enterprises. Driving forces for investing in and
developing specific new products and services frequently differed from contractor to contractor
according to local opportunities. The product or service offered by one contractor may seem
a sheer loss to another. The contractor competence differed or the customer need or demand
differed. The contractors proposed several driving forces for developing new products or
services:

- Utilise personnel or machine resources or the company’s competence more effectively,
thus increasing the productivity.

- Give opportunities for more varied tasks, thus increasing the productivity or creating a
better work environment.

- Satisfy curiosity or other special interests of the contractor.

- Meet explicitly expressed demands or requirements from customers, thus being able to
continue working for the customer, or ambition to supply customers with more valuable
products and services, thus strengthening the contractor’s market position.

-Reduce or spread risks, e.g. reduce dependency on single customers or single products
or services.

- Make co-ordination profits or get parts of profits in other parts of the forestry sector.

- Provide employment for people asking for work in the company.

-Utilise changes in the market structure, e.g. liquidation of neighbouring companies.

The main constraints for developing new products or services were lack of competence
or resources, poor profitability, difficulties to effectively combine new and existing tasks, lack
of interest, and the structure and attitudes within the market.

Concerning re-investing in the provision of existing logging services the main driving
forces named were operating reliability, reducing maintenance work, increasing the productivity,
or improving the work environment. Investment in new equipment was often guided by the
needs in the production chain of a customer. Several contractors said that having a good work
environment is a way to compete for the personnel in a situation with lack of skilled operators.
The main constraints for re-investing in existing logging equipment were lack of long-term
contracts as well as low profitability.
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Discussion

The contractors seldom express their development efforts with the notion of strategies.
The contractors rely on confidence and improvisation, not on clearly formulated strategies.
This calls for an emergent view on strategy as patterns of action. The contractors may say that
they have goals, which seems to be strongly connected to the opportunities at hand. If the
notion of strategy is to be used, the strategy formulation has to be done by us —the researchers
—while analysing the contractors’ statements.

The contractors develop their businesses due to conditions within their enterprises, e.g.
competence and resources, or due to external market conditions, e.g. demand from customers.
The contractors’ tacit goal is to create the best possibilities for their businesses with regard to
the resources available, thus creating and appropriating value and shaping the prerequisites
for market exchange. Some of the strategies emanate from within the firms —e.g. better resource
utilisation, need for more diversified tasks for the employees in order to reduce monotonous
work, or the contractors’ ambition to supply customers with more valuable products and
services. Other strategies emanate from outside the firm — e.g. customers claiming more of
existing as well as new services from the contractors. There is also an element of curiosity in
the development effort, a curiosity that, within limitations, is allowed to conflict with the full
resource utilisation. The additional products and services developed may all give separate
incomes and better opportunities for more varied tasks. However, new tasks often seem to be
performed by the contractor himself or by new personnel not operating the machines, which
reduces the possibilities of a more varied work, at least initially.

The different development efforts identified are aimed at creating new value or aimed at
appropriating value. The different driving forces and constraints identified and the different
levels of development activity are explanations behind development efforts. The results of
different contractors and in different environments show the dynamics of the enterprises and
the dependency of the enterprises upon their environment. There are contractors able to shape
their own possibilities for exchange.

The notion of strategy for business development introduced in this paper relies on an
enterprising attitude aiming at improved value creation and appropriation. The logging
contractors might be passive and not develop their businesses, e.g. only answering on demands
expressed by existing customers or being all passive. However, our results show that there are
contractors developing their businesses by an enterprising attitude actively trying alternative
ways to use their resources as fully as possible. We would label this enterprising attitude
entrepreneurship.
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Abstract

Real option theory has for some decades been used in forest economics to analyse decision
problems which involve irreversible and stochastic decisions. One such decision is when to
harvest a stand and with what species to regenerate. The latter decision can be postponed for
some time, making a species change possible if favoured by the value development or if
regeneration of the present species is unsuccessful. This problem is analysed here as an extension
of'the traditional two-option problem, by involving several stochastic elements.

Key words: stochastic decision theory, optimal harvesting, dynamic programming, real options.

1. Introduction

In forestry a major task is to decide when it is optimal to harvest a stand. Economically
it can be seen as a matter of finding the optimal rotation age in a perpetual series of identical
rotations. However, this is an abstraction because conditions will change over time. It is most
obvious when we want to convert the present stand into something else that may later prove
inoptimal, perhaps making the first stand preferable. -So, the use of decision analysis under
uncertainty is encouraged, particularly if actions are irreversible. Establishing a new stand is
irreversible in the sense that it may be too costly to undo the decision. However, if the decision
can be postponed, this possibility may have an option value.

Stochastic decision analysis has for some decades been applied in natural resource
economics. Early contributions were Samuelson (1965) and Arrow and Fisher (1974). After
McDonald and Siegel’s (1986) paper on the option value of waiting to invest, the development
gathered momentum in forest economics, e.g. Brazee and Mendelsohn (1988), Morck et al.
(1989), Clarke and Reed (1989), Thomson (1992), Plantinga (1998). The focus has mainly
been on optimal harvesting when observing stochastic timber prices. Over time the applications
have been extended to include more and more problems, such as differentiated timber prices
(Forboseh et al., 1996), uneven-aged management (Haight, 1990) and multi-species stands
(Jacobsen and Thorsen, 2003).

Other applications relate to the investment problem of stand establishment which cannot
necessarily be treated as a single-option problem. In a situation with two options the problem
can be analysed by looking at the relationship between them, provided it is constant. This is
shown in Dixit and Pindyck (1994) and forestry applications are, e.g. Reed (1993), Conrad
(1997) and Abildtrup and Strange (1999). Thorsen (1999a) analyses the choice of tree species
for afforestation as a real option problem, and Thorsen and Malchow-Maller (2003) extend it
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to a two-option problem with two mutually exclusive options (two tree species), where exercising
one option implies losing the other. This paper extends the model of choosing between two
options, as analysed by Reed (1993), Conrad (1997) and Abildtrup and Strange (1999), to
include a situation where there are fixed costs and hence no constant relation between the two
options. This approach is similar to Thorsen and Malchow-Mgller (2003), but the two options
are not mutually exclusive in the present paper and it includes fixed costs.

The main problem of interest in managing even-aged monocultures all over the world is
final harvest and regeneration. Many forests in Western Europe are dominated by secondary
Norway spruce (Picea abies (L.) Karst.). A main reason is that this species is relatively easy
to establish on poor soils, but probably due to their extension far beyond the natural habitat
the health condition of such stands is often poor (Spiecker et al., 2003). Transformation and
conversion of even-aged monocultures of Norway spruce is becoming a much discussed topic
in Europe (a few examples are Hanewinkel and Pretzsch, 2000; Hanewinkel, 2001; Knoke et
al., 2001; Sterba and Zingg, 2001; Spiecker et al., 2003). The issue is also discussed in
Danish forestry, especially in relation to stand regeneration on former heathlands. Main reasons
for transformation are a high risk of windthrow and generally poor health conditions. The
optimal time of the final harvest has been analysed by, e.g. Thorsen and Helles (1998) who
treat windthrow risk as an endogenous problem, and Meilby et al. (2001) analyse the problem
by taking neighbouring stands’ stability into account. Thorsen (1999b) extends the problem
by including stochastic prices, and Nord-Larsen and Holten-Andersen (2002) by assuming
that conversion is necessary. These studies all assume that the value of the future stand is
given. However, when deciding on a stand’s future, foresters have expectations about the
future development, based on present prices and conditions despite knowing that they are
uncertain. Under suitable conditions a stand may be regenerated naturally, which is cheap or
even gratis. But if an alternative tree species will perform better, it may be preferable to
change even though investment is necessary. This is of course particularly likely if there is a
risk that natural regeneration will prove unsuccessful. This is the problem analysed below,
based on the example of Norway spruce on poor soils in Denmark.

2. Model

The point of departure is a stand of Norway spruce which at some point has to be
regenerated using one of two options — Norway spruce or oak (Quercus robur L.). Norway
spruce has zero investment costs since it comes naturally whereas establishing oak requires a
high investment. There may be some species-independent costs. The expectation value of both
species evolves stochastically, depending on external factors (e.g. price) and moreover the
natural regeneration has a risk of failure, making regeneration with oak necessary.

Let the expectation value of Norway spruce be 4 and that of oak B. They follow the two
stochastic processes:

dd = o, Adt + o Adz  with  probability 1-ydt (1)
B -4 with  probability  ydt
dB = ogBdt + ogBdw (2)

where o, o, 6, and G, are parameters, and dz and dw are increments of the two respective
wiener processes. Furthermore, there is a possibility, y, of 4 failing, driving the process
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to zero. Therefore, 4 is a mixed geometric Brownian motion and Poisson jump process, and
B is a geometric Brownian motion. They may be corre-lated with the parameter p , i.e.
E(dzdw) = pdt.

Given that we have a regenerated Norway spruce stand, or that we want to decide which
of the species to establish, we can express the value of future income by V-

V = max{B-C,, (1+&dty E[V(B+dB, A+dA)]} 3)

where ois the risk-adjusted interest rate. If 4 is chosen, conversion to B is still possible,
so the value in the next period depends on both A4 and B. If B is chosen, the conversion option
is lost. Therefore, B is chosen only if this stopping value (the first term) is larger than the
continuation value (the second term). At each point in the continuation region the value function
must satisfy:

V= (I+8dty' [V+EdV)] => 6V =E (dV)d )

Using Ito’s lemma we get:
_ 242 2p2
oV=o AV, +a BV, + Ve AV, A +1c BV, + po,c BAV,,
-y [V (4,B)-V(0.B)] )
where V' is the derivative of V'with respect to R, V,is the derivative of V' with respect to
B,and V,, V, and V, are the second derivatives of /" with respect to 4 and B. Eq. (4) must
be satisfied for all points in the continuation region. Notice that even though A4 reduces to zero

with probability 7y, we still have the possibility of changing to B. Inserting in the Bellman
equation we get:

V =max{B-C,(1+odt)'[V+ o AV, + a BV, + V2 AV,
146, )BV, + po,G BAV, - Y[V (4,B)-V(0,B)] 6)

Hence to find the switching point we must have the value-matching condition:
B-C, = (1+8dt)'[V +a AV, + a, BV, + %c M4V + %o BV,
+p0,6,BAV, -y [V (4,B)-V(0,B)] (7)

and the smooth-pasting condition:

VA\A A*:VB\B B* (8)
VA\B B*:VB\A A* (9)

Furthermore, we need some terminal conditions. 4 = 0 and B = 0 are absorbing states; the
processes will never increase again once zero has been reached and hence the pro-blem reduces to
single-option problems with (4,0) = V'(4) and V(0,B) = V'(B), where V" is the optimal value
function for the single option. However, we have to choose and exercise one of the options and hence
the terminal conditions just be-comes V(4,0)=V*(4)=A and V(0,B)=V*(B)=B-C,,.
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When we are not at the terminal state the two-option problem is non-trivial to solve. If
the value of V" were proportional to the development in 4 and B, looking at the ratio between
them would enable us to treat it as a single-option problem of the ratio (see, e.g. Dixit and
Pindyck (1994) and Abildtrup and Strange (1999)). However, due to establishment costs of B
and risk of destruction of 4, this is not the case here and therefore we need to turn to numerical
solutions.

The problem is solved by finite horizon dynamic programming, since it seems reasonable
to assume that after some time it will always be inoptimal to change from Norway spruce to
oak (Norway spruce regeneration has grown to big). We thus have an optimal-stopping problem
with a maximum time horizon of 15 years. The process of dynamic programming is described
in, e.g. Judd (1998). Solving the problem is made easier through logarithmic transformation
of the two processes, so that the Brownian motion’s jump size becomes relative and hence
independent of state. This is similar to what is done by, e.g. Thorsen and Malchow-Magller
(2003) and described in more details in Thorsen and Malchow-Meller (2002).

3. Data

The method is applied to Norway spruce on poor heathland in Denmark, assuming YC5
West-Nielsen (1950), and for oak YC4 Meller (1933). Norway spruce regenerates naturally
when shelterwood regime is initiated. Soil treatment is assumed to be necessary for both tree
species. Oak is established by seeding at 10,000 DKK/ ha' (Madsen et al., 2003). The value

functions 4 and B are based on the expectation value of Norway spruce and oak,
respectively. Depending on prices the values of both species lie in the interval 0 to 20,000
DKK/ha (exclusive of establishment costs C,). It is assumed that final harvest decision depends
on price development, so that no fixed rotation age exists.

Tablel. Assumptions.

Parameter Estimate Parameter Estimate
OA 0.13 033) 0

OB 0.16 A 0.08

P 0.49 B 0.02

OA 0.02 Cg 10000

Estimates of variance are based on Thorsen (1999a), whereas the annual risk of natural
regeneration failure * is a rough estimate based on silvicultural experience. It is, however,
highly dependent on the specific location. The assumptions are shown in Table 1.

4. Results

The problem faced is a present Norway spruce stand, which we can either convert into
oak or regenerate naturally, given a certain level of the value of Norway spruce (4) and oak
(B), but acknowledging that they may change in the future. Starting with a simple situation
with no fixed costs C,, no risk of failure and no correlation, we get free boundaries as shown
in Figure 1. A free boundary is the combination of values of Norway spruce and oak for which
the value of choosing each of them are identical. To the left of the lines oak is preferred and to
the right Norway spruce. When the stand of Norway spruce has reached the age of 15 years

'1€H” 7.42 DKK
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the problem ends, and the question is simply to choose the species with the highest expected
present value. When Norway spruce is young, there are still many years left where switchingis
possible and therefore the value of waiting is high, pushing the free boundary to the left.
However, the difference diminishes, so it does not matter much to the result whether there are
10 or 15 years left until switching can no longer be done. But Norway spruce is also growing.
So at ages above zero, Norway spruce has already been growing for some years, and
consequently we would expect the value to be located a bit to right in the figure, making the
species preferred more frequently. But if the value of Norway spruce drops dramatically, oak
would still be preferred. It is seen that the biggest change in action through time caused by the
value of waiting lies where the value of both Norway spruce and oak are high.

In Figure 2 fixed costs of establishing oak are introduced. Notice that the y-axis is still
the value of B, so the range is changed, and the value of establishing oak is B-C,. Not surprisingly
we see a shift upward for all ages by the size of establishment costs, but when we have the
option to wait, the free boundary is pulled even more upward. The value of 4 and B can not
drop below zero, but so can B-C, and therefore a higher value of B is required before it is
optimal to switch. = ‘ 7 ‘
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Figure 1. The free boundaries for combinations of values of Norway spruce (A) and oak (B)
at different points in time (ages 0, 5, 10, 15 years). At time 15 the problem ends. C =0, g=0,
r= 0. All values in DKK/ha.
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Figure 2. The free boundaries for combinations of values of Norway spruce (4) and oak (B)
at different points in time (ages 0, 5, 10, 15 years). C, = 10000, g= 0, r = 0. Notice that the
value of establishing oak is B-C,. All values in DKK/ha
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As compared with Figure 1 we see that the value of waiting becomes higher, such that 4
is preferred more often in Figure 2. We also see a change in the shape of the free boundary. In
Figure 1 the distance to the 45-degrees line (age 15) is increasing with increasing values, in
Figure 2 it becomes more sigmoid.

From Figure 3 is seen that the correlation p between the value of Norway spruce and
that of oak has significant effect on the shape of the free boundary. If the correlation is negative,
Norway spruce is preferred more often (Figure 3a). On the other hand, if the correlation is
positive (Figure 3b), oak is preferred more often, and the value-matching lines are pushed
back towards the free boundary for the terminal date. The shape caused by including fixed

costs for establishing oak is still seen.
a) . i i b)
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Figure 3. The free boundaries for combinations of values of Norway spruce (A) and oak (B)
at different points in time (0, 5, 10, 15). Cb = 10000, g =0, r =-0.49 in a) and 0.49 in b).
Notice that the value of establishing oak is B-CB. All values in DKK/ha

The risk of natural regeneration failure is seen from Figure 4a to have the effect of
choosing oak more often as compared with Figure 3b, which is not surprising since the risk is
related only to Norway spruce. The risk is here set at 1% per year and in the case of failure it
is possible to establish oak. Alternatively, if in case of destruction of A we could not choose B
insteaagi, we would see a more dramatic effect (Figure 4b).

b)

25000

20000

Value of B

15000

0 5000 10000 15000 20000 ‘L0000

o 5000 10000 15000 20000
Value of A Value of A

Figure 4. The free boundaries for combinations of values of Norway spruce (A) and (B) at
different points in time (0, 5, 10, 15). Cb=10000, g =0.01, r=0.49. a) In case of failure of
A, B can be applied. b) In case of failure of A, B cannot be applied. Notice that the value of
establishing oak is B-CB. All values in DKK/ha.

In Figure 5 the value V'is shown for different points in time, using the same assumptions
as in Figure 4a. It is seen that at 15 years, V' is simply the maximum value of 4 or B-C,, and
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the longer we can postpone the decision, the larger and flatter /" becomes (given 4 and B). The
biggest difference lies though between ages 15 and 10 years, as is also seen from Figure 4a.
For small values of Norway spruce, the value is equal to the situation in the terminal condition,
i.e. the value of choosing oak, because that option is exercised. For small values of oak,
however, we will see a value of waiting, though small. The highest value of waiting lies where
it is likely that the maximum value changes from 4 to B or opposite and therefore the value
function changes from V-to U-shape.

Figure 5. Value V of having the two options A (Norway spruce) and B (oak), depending on
state space (A, B). CB =10000, g= 0.01, r = 0.49 at different points in time (0,5,10,15). All
values in DKK/ha.

5. Discussion

A main question is what tree species to chose when the choice involves an option value.
It is evident from the figures that involving establishment costs for one of the options changes
the shape of the free boundary from convex to more sigmoid (compare Figures 2 and 1). The
original convex shape is also found by, e.g. Abildtrup and Strange (1999). The reason for the
change in shape is that a big part of the value of B-C, is now fixed, so that the volatility
becomes relatively higher compared to the value of establishing oak, B-C, because it is related
to B alone (cf. eq. (2)). This is especially the case for small values of B. The larger the value
of B, the more the effect of increasing volatility dominates and therefore the effect of fixed
costs diminishes.

We see that the fixed costs of establishing oak cause the value of B to be much higher
than the difference between A and B before oak is preferred (see Figure 2), the reason being
that it is suddenly possible for the value of establishing oak, B-C, to drop below zero which
it is not for 4 or B themselves. This is exactly the case if we establish a stand at high costs —
the present fixed costs are certain, but the future output is uncertain, so the revenue can
actually be negative. If we had no fixed costs, as here for Norway spruce, we could always
choose not to harvest and hence the value would just be zero. Therefore, investing in stands
that require high investment costs must require a higher expected benefit than the difference in
expected values before chosen.

As also Thorsen and Malchow-Magller (2003) show, the correlation between the two
options has a major effect on the value of waiting as reflected in the free boundary. We
furthermore see, as in all option problems, that the value of waiting increases by time left in
the rotation, but the difference decreases. However, Norway spruce is growing. Apart from
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making Norway spruce more preferred than oak, it also causes that we, as time passes, will be
in a situation with higher values of Norway spruce. Naturally it will then require higher levels
of oak before switching, so the growth of Norway spruce increases the value of waiting. But
the risk of destruction of Norway spruce reverses this effect. It is interesting to see that there
are in fact situations where oak would be preferred, and they are not so extreme as to be
unlikely, even after Norway spruce has been growing for some years. Though often criticised
among foresters, it is economically optimal to switch tree species even late in the regeneration
phase if the value of the present stand is sufficiently low. On the other hand, even if including
a high risk of failure, natural regeneration might be worth trying — simply because changing is
possible in this case and establishment can be relatively inexpensive. The assumption in the
model is, however, that failure of regeneration of Norway spruce has no effect on the value of
establishing oak afterwards. In reality we would probably see the costs of establishing oak
increase if made after a Norway spruce regeneration that has failed due to weed. This would
reduce the value of waiting, causing a situation more as shown in Figure 4b. In sum, fixed
costs, correlation and risk do not pull the value of waiting in the same direction, though it will
still be positive, causing continuing with Norway spruce to be optimal for a wider range of
values than if assessed deterministically.

6. Concluding remarks

The decision problem of how to generate a Norway spruce stand is analysed in this
study as a two-option problem. It is found that when we face a fixed cost for one of the
options, which does not evolve stochastically as do their values, the threshold for choosing
that option becomes higher than the actual difference in values. This may explain the awareness
among some foresters to establish expensive stands. A risk of failure for the option where
switching is possible is also included in the study. This lowers the value of waiting considerably,
the magnitude being dependent on whether or not it is possible to switch to the other option in
case of failure.

The study extends previous analyses made on choice of regeneration. This is done without
considering the relation between the time of harvesting the existing stand and the value of the
future stand. This seems as an important extension that would be interesting to include in
future research.
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A Hybrid Heuristic Algorithm for Harvest Decision of Mixed
Species Stand under Price Risk
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Abstract

In this article, a hybrid heuristic algorithm based on Genetic Algorithm and Hooke and
Jeeves is described for solving a complicated forest harvest decision problem, which involves
optimization of thinning and final felling under price risk for a mixed species stand of spruce
and pine. The strategy consists of two optimal stocking level functions and one reservation
price function; in which, there are ten variables need to be optimized. The hybrid heuristic
algorithm consists of two stages. At the first stage, Genetic Algorithm is applied to generate
candidate initial solutions. At the second stage, the Hooke and Jeeves is applied to find the
optimal solutions using these initial solutions. As benchmark, a pure Genetic Algorithm, Hooke
and Jeeves, and Powell search are also tested. Results show that the hybrid heuristic algorithm
is the best one among all of the tested algorithms. Genetic Algorithm ranks second, Hooke and
Jeeves the third and Powell search is the worst.

Keywords: Harvesting decision, Genetic Algorithm, Hooke and Jeeves, Powell search

1. Introduction

The optimization of decision in forest management is usually complex due to the long
planning horizon and high dimensionality. Consideration of uncertainty and multi-functionality
of forest makes the problem becomes even more complex. The optimization of thinning and
harvest decision under price uncertainty is one typical example. In such a case, the traditional
optimization techniques usually can not be applied to solve the problem within a reasonable
computation time. Simplification is one way to deal with this kind of problem, which, of
course, will reduce the accuracy and correctness of the model for the real world problem. An
alternative is using heuristic optimization techniques instead, to obtain the near optimal solution
from complicated model which is more near the reality.

The aim of this study is to develop and test a heuristic approach for harvest decision
problem (including thinning) of a mixed species stand of pine and spruce, when price uncertainty
was considered. This approach is based on modified genetic algorithm and a traditional nonlinear
optimization technique-Hooke and Jeeve.

The testing problem is come from a previous study of Lu and Gong (2004), in which an
optimal thinning and final harvest strategy for mixed species stand of pine and spruce with
price risk was developed. This strategy includes two optimal stocking level functions to guide
the thinning decision for each species and a reservation price function for the final harvest
decision. With this strategy, the thinning and final harvesting decision could be optimized
simultaneously without any limitation on the number and intensity of thinning. Only the ten
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coefficients in the three functions need to be optimized through simulation. This was considered
as an advantage compared with stochastic dynamic programming. In that study, a traditional
non-linear optimization technique, Powell Search, was applied to optimize the coefficients.

However, it is not an easy task to optimize the ten coefficients in the three functions, due
to the high dimensionality. Meanwhile, the computation burden for each iteration (objective
function evaluation) in this problem is big, because of the complexity of the model. The forest
stand growth is simulated by the single tree growth model of S6derberg (1986), which is the
most complicated one among the stand growth simulation models. Furthermore, the thinning
effect model of Jonsson (1980) and the natural mortality model of Bengtsson (1981) were also
applied for the growth simulation, which, of course, make the model even more complicated.
In addition to the complex stand growth simulation, 100 price scenarios were applied to
simulate the stochastic price process, which means the stand growth simulation will be repeated
100 times for each iteration.

Using Powell Search, the satisfied result can only be obtained through certain numbers
of repetitions with different initial guess. If some other kinds of risks (e.g. growth risk) are
included, and /or more tree species are considered, the optimization problem would be more
complicated. The function form of the optimal stocking level functions and the reservation
price function used in the previous study is some how ‘ad hoc’. More suitable function form
could be found by further study, which possibly has more coefficients to be optimized, and
therefore, an even higher dimensions problem needs to be solved. So a more efficient
optimization approach is under high demanding.

2. Method

Before discuss the hybrid heuristic algorithm, we first illustrate the implementation of
Genetic Algorithm, which is the main part of the hybrid algorithm, to the problem.

2.1 Implementation of Genetic Algorithm

Genetic algorithm (GA) is a heuristic optimization technique developed by Holand (1975).
In the last twenty years, it has been applied to a wide range of areas. Together with other
popular heuristic methods (Tabu Search, Simulated annealing, etc), GA also has been
successfully applied to forestry to solve decision problems (Lu & Eriksson 2000, Ohman &
Eriksson 1998, Wikstrom 2000). Based on a randomly generated initial population of solutions,
GA improves these solutions by applying the basic genetic law: selection, crossover and mutation
from generation to generation until certain stop criterion is met. The performance of a GA
usually depends on the implementation details. Still, according to the no free lunch theory, GA
does not necessarily perform better than other methods in all kinds of problems. In this study,
in order to improve the performance of GA, a number of modifications were made, which will
be illustrated in the following sections.

2.2 Coding of parameters

GA requires the natural parameter set of the optimization problem to be coded as a
finite-length string over some finite alphabet (Goldberg, 1989). There are different ways for
parameter coding, e.g. binary coding, real number coding, grey coding, etc. The binary coding
method was used in this study. The ten parameters in the testing problem are continuous
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variables, so the coding of these parameters is also a process of discretion. In previous study,
we determined the search scope for each of the ten parameters. If we let a binary string with

length / to code one parameter with specified interval [U_,U_ ], then the map between the
cod and the value of the parameter is:

000.......0 > U,
!

] > U

R S

Others map linearly in between. The precision of this mapped coding is:

Umax B Umin

2' -1
When U . and U, is fixed, the precision could be controlled by choosing different

T =

value of (Goldberg, 1989). A smaller value of will reduce the search space and make it easier
to find the optimal solution, but at the cost of lower precision. It will be the opposite if the
value of is higher. In order to solve this problem, a multi-stage approach was developed in
this study. At the first stage, with the original search scope [U ., U 1], a relatively lower
value of was chosen. This will simplify the problem but the precision was lower than the
requirement. After the optimal solution was found, the second stage was started. and were
adjusted accordingly and the interval was narrowed to half of the previous stage with the
center of the optimal points found in previous stage. With the same value of , the precision will
be improved in each succeeding stage . This process will be continued until certain criterion
for the precision was met. In this study, we set for each of the ten coefficients. Therefore, the
total length of the string is 70.

2.3 Generation of initial population

Finding a proper population size is important for the performance of GA. With a too
small population, the algorithm tends to converge quickly and stop at local optima, while a too
large population will increase the burden of calculation. A population size of 100 was chosen
for our study problem after preliminary test. The initial population was created randomly, that
is every position on the string has an equal probability of being 1 or 0. Each of the 100 strings
will correspond to a set value of the ten parameters, a solution of our optimization problem.

2.4 Local improvement

The fitness of every string is evaluated according to its objective function value (directly
or indirectly). The simple and straightforward principle is: the higher of string’s objective
function value, the fitter of it. However, this evaluation method will neglect the potential value
of each string, especially at the initial search stage. This can be illustrated through a simple
example of a one-dimensional maximization problem (figurel). The solution point P, is
obviously better than point P, if their fitness is evaluated in terms of the objective function
value. Nevertheless, the solution point P, is potentially better since it is near the global optimal
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point, and this fact will be neglected by normal fitness evaluation and selection. This can be
improved to some extents by local improvement. For each string, we set a narrow search
scope [U, U, ] (one tenth of the original search scope) and apply a simple random search with
only five randomly generated solutions within this scope. Using the best one among the five
solutions replaces the original strings if it has a higher value, otherwise, the original string
keeps unchanged.

Local improvement will increase the burden of computation; therefore it is only applied
in the first two stages. At later stages of the search process, it tends to converge to an optimal
point (local or global), and all the candidates will gather at a smaller scope. Therefore, the
local improvement is not as necessary.

v
>

Figure 1. illustration of local improvement for one dimension maximization problem

2.5 Fitness scaling

Each string corresponds to a solution with an objective function value. Using the objective
function value directly to evaluate the fitness of each string is usually not effective due to the
following three reasons:

1. Atinitial stage, some strings with high objective function value could dominated the
population; the others with low objective function value could be kicked off too early in the
search process. This would be the reason for early convergence and stop at local optimal

2. Atthe final stage, the difference among the strings is small. The good string with high
objective function value could not be favor enough and this will slow down the convergence
process.

3. Some strings are infeasible solutions and their objective function values are zero; yet
they still could carry useful information (genes), which could be used to create good new
strings with other strings through crossover. If the fitness is evaluated by the objective function
value directly, this kind of strings will be eliminated directly.

In this study, the following strategy was used for fitness scaling:

1. Determine the rank number N, of string 7 in the population according to its objective
function value. The best string (with the highest objective value) is assigned the rank number
1, while the worst string is assigned the rank number 100.

2. Using the following equation assigns new fitness value for each string:
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100-N,+1
Z, = X"

Z is the new value for each string.
Xis adjustable coefficient. It ranges from 1 to 1.1.

The new value of a string not only depends on its rank number &, but also depends on
the coefficient X,

For example, if we set the value of X to be 1.02, then the new value for the best string
would be:1.02' while that for the worst string is: 1.02.

2.6 Selection

Roulette selection approach was applied in our study based on the new value for each
string. The strings with higher value have high probability of being selected as candidate
parents for the next generation. Since we use the new value to evaluate the fitness for each
string, we can adjust the extent to favor the high value string by choosing different values of
X during the selection. It is not difficult to find the most suitable value of X for selection.
However, fixed value of X is not the optimal way for selection. In order to avoid the premature
result, at the initial stage, it is suitable not to favor the good strings too much, and to keep the
search in a wider range. At the final stage, in order to speed up the convergence process, the
good strings should be favored more. Therefore, at different stages of the search process,
different strategies should be applied. In stead of a fixed value of X, we designed a dynamic
selection strategy which uses a relatively small value of X at the first stage and a higher value
of X at the final stage. It is difficult to determine the value of X during different stages. The
number of generation is not an accurate indicator of the process of convergence. We use the
following equation to control the value of X :

X=X +X,%§8
6 = (RE, - RE)/ RE;

in which

X, and X, are coefficients to determine the relation between X and 0
0 is the relative improvement of objective function value

ob! is the initial objective function value

ob! is the latest objective function value

During the selection, the ‘reposition of the best’ strategy was applied. That is, the best
string in all generations so far will go to the next generation automatically. This is more
important during the initial stage, when the diversity is high and the value of X'is low (which
mean that the good strings are not favored very much).

2.7 Crossover

In order to create new strings with the selected strings through selection, crossover was
performed in hoping that the new strings could have higher fitness. The pair of parents was
randomly chosen from the selected population, and with a pre-assigned probability P_(crossover
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rate), the parents performed the crossover and created two new strings. If no crossover takes
place (with probability 1- P)), then form two new strings that are exact copies of the two
parents.

We tested five different crossover strategies with different numbers of splice point through
1-5. The result showed that the four point crossover is the best one. The value of crossover
rate P_ was also was decided by preliminary test.

2.8 Mutation

Mutation is considered as a secondary mechanism of GA, which performed after selection
and crossover. Crossover only shuffles the substrings contained in the population. The substrings
of the optimum have to be present in the population; otherwise a search by recombination is
unable to locate the optimum (Muhlenbein, 1997). Therefore mutation is essential since its
role is to recover some potentially useful genetic material (1’s or 0’s at particular locations)
which is not available in the initial population (Goldberg, 1989). Since we use binary coding
in our problem, the mutation is simply occasional changing from 1 to 0 and vice versa. The
probability of this changing for each position is called the rate of mutation.

2.9 Stop Criterion

As mentioned in the coding section, in order to meet the precision requirement and keep
the length of the string short, we divided the search process into stages, with the search scope
being narrowed at each succeeding stage. The stop criterion for the whole process is that a
pre-specified precision being met. And for each stage, we set a specified number of iteration
without improvement as the stop criterion to end that stage.

The results of this GA strategy developed here will be presented, discussed and compared
with others later.

2.10 Designing the Hybrid Heuristic Algorithm

GA has the population based structure and is a parallel random search with centralized
control through selection schedule. Instead of improving one solution points step by step, GA
evolves a certain number of solutions- the population simultaneously. This character makes
GA powerful to locate the optimal point. However, due to the same character, GA also has the
drawback of slower convergence after the optimal point being located, compared with some
traditional hill climbing methods. This fact motivates the study on hybrid algorithm of GA and
other optimization approaches. The idea is using GA to locate the mountain (the rough position
of the optimal points), and let others to climb the mountain. In this study, we designed hybrid
heuristic algorithm, which is GA plus Hooke and Jeeve (HJ). We also tested GA plus Powell
Search, which is not as good as GA plus HJ.

There are two important things for this hybrid algorithm. One is choosing the right time
of switching from GA to HJ; the other is selecting the solutions among the populations of GA
to be used as the initial solution points for HJ.

It is difficult to deicide the right time to stop GA and start HJ. There is no sign to
indicate if GA has really found the position of optimal solution or not. By examining the
performance of GA developed previously, we can see that the improvement of the objective
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function value is mainly made during the initial stage of GA. This gives us a hint that we can
stop the GA after the main improvement. In this study, we set a limited number of generations
for GA and after this limitation is reached, GA will be stopped. 50 generations was used as the
limitation for GA. That is to say, we let GA run 50 generations, and then switch to HJ.

Then the second question is which of the solution among the population should be used
as the initial solution for HJ. Intuitively, the best solution among the population should be
chosen as the initial solution. However, is there any value of the other solutions? Would it be
helpful to take average of some of the other solutions? In order to answer these questions, we
tested ten candidates solutions selected from the population. The first five is the five best
solutions among the population, then, the sixth is the average of the five best solutions, the
seventh is the average of the ten best solutions, the eighth is average of the twenty best solutions,
the ninth is the average of the fifty best solutions, and the tenth is the average of all the
population (100 solutions).

3. Result

Besides GA and the hybrid algorithm, we also tested random search, Hooke and Jeeve,
and power search, and used their results as benchmarks to check the performance of the first
two algorithms.

The parameters of GA were determined after preliminary test. The mutation rate is 0.01,
crossover rate is 0.8, and the value of the two parameters X, X, which were used to determine
the selection rate, is 1.005 and 0.06, respectively.

Through examining the convergence process of GA, we found that, in most of the
situations, the improvement is mainly made during the first 50 generation. Therefore, for the
hybrid algorithm, the GA will be stopped and switch to HJ after 50 generations. Of course, if
GA is given more generations before switching to HJ, the quality of the initial solutions for HJ
will be higher, and the finial results for each run would be better. However, this will increase
the time for each run, and decrease the overall efficiency.

Since it is impossible to get the real optimal results, and in order to compare the
performances of different algorithms, we set the same fixed computation time for each of the
algorithms and just take the ten best results from them. Due to the same reason, the relative
deviation index (RDI) (Kim and Kim, 1996) was used to compare the results of different
algorithms. The definition of RDI is:

RDI = (TI -TW)/(TB -TW)

Where 71, TW, TB are respectively, the objective function value of result I, the worst
result and the best result.

The results were shown in table2:
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Table 2. The mean RDI of the ten best solutions determined using different algorithms

algorithm  RM PW HJ GA HBI HB2
0.346 0.935 0.953 0.940 0.964 1.000
0.283 0.820 0775 0.920 0.964 0.962
0.219 0.385 0.733 0.847 0.937 0.941
0.187 0.363 0.672 0.791 0.933 0.925
Ten
0.110 0.363 0.653 0.748 0.924 0.920
best
0.071 0.355 0.466 0.461 0918 0.919
results
0.068 0.327 0.449 0.443 0.762 0.916
0.027 0.318 0.303 0.416 0.740 0.885
0.014 0317 0.292 0.369 0.701 0.885
0.000 0.308 0.279 0.355 0.560 0.885
Average 0.133 0.449 0.558 0.629 0.840 0.924

The fixed computation time is the time needed by GA for ten runs. Since other algorithms
cost less time for each run compared to GA, the ten results listed here is the ten best results
among their total results. From the results in table 2, it is clear that the hybrid algorithm
performs best among the five tested algorithms, while random search is the worst one. The
modified GA developed in this study is better than the two traditional optimization algorithms,
HJ and PS; while HJ is better than PS.

As mentioned before, for the hybrid algorithm, ten solutions from the GA stage were
used as the initial solutions for the HJ stage. We run 150 times for the hybrid algorithm in
order to test the performances of different initial solutions. The frequency of the best result
occurred from different initial solutions was presented in table 3.

Table 3. Frequency of the best result occurred from 10 initial solutions

No. of initial

1 2 3 4 5 6 7 8 9 10
solution
Frequency of
43 18 16 19 21 6 4 10 7 6
best result
Percentage
28 12 10 13 14 4 3 7 5 4

(%)
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It is not surprising to see the highest frequency of the best result occurred when the best
solution of GA stage was used as the initial solution for the following HJ stage. However,
there is still a very high percentage (72%) of the best solution being found when other solutions
from the GA stage was used as initial solution for HJ stage. This is to say, the best point (the
point with the highest objective function value) got from GA is not necessarily the best starting
point for HJ to climb the top of the mountain. Since each run of HJ takes relatively little time,
it is worthwhile to try multiple initial starting points, in order to improve the performance of
this hybrid algorithm.

4. Discussion and Conclusion

In this study, a hybrid heuristic algorithm, which is based on Genetic Algorithm and
Hooke and Jeeve, was tested for a forest harvest decision problem under price risk. Genetic
Algorithm, random search, Hooke and Jeeve, and Power Search were also applied to the
problem. The results show that if properly implemented, GA will perform better than the
traditional algorithms tested in this study for continuous variables optimization problems. An
even better performance was observed for the hybrid algorithm based on Genetic Algorithm
and Hooke and Jeeve. This indicates that heuristic optimization approach is promising for
complicated forestry decision problems.

The performance of GA is problem specific and a successful application is highly based
on the preliminary work for the right way to implement it. Besides the work for finding the
right value of parameters for different operations (selection, crossover, mutation), it is also
very important to interpret the problem properly, that is, finding the suitable way to code
parameters in the problem. In this study, we use the traditional binary coding system to cod
the variables. Since the variables are continuous, to code them is also the process of discretion.
A dynamic search scope strategy was developed in order to keep the length of strings relatively
short and meanwhile satisfied the precision requirement. The speed of narrowing the search
scope as stage goes on is low, (the scope of any stage is half of that of previous stage), to avoid
missing of the real optimal point.

A strategy to map the objective function value to a new fitness unit was developed. In
this strategy, the fitness of each string will depend on its position in the order which made
according to its original objective function values. By this strategy, the relative fitness of each
string is adjustable, and this gives us the chance to develop a dynamic selection strategy. That
is, at the initial stage, the good strings (with high objective function value) are favored less
compared to that in the final stage. This is controlled by adjusting the relative fitness in
deferent stages, and the relative improvement of the objective function value was used to
indicate the stage process.

Different ways to combine GA and Hooke and Jeeve to form the hybrid algorithm were
tested. It turns out that ending the GA at its early stage (after 50 generations) and then switch
to Hooke and Jeeve is the most efficient way. This result is due to the fact that GA is more
capable of locating the rough position of the global optimal point and Hooke and Jeeve is
faster in convergence to local optimal points. The five best solutions from the last generation
(generation 50) of GA were used as the initial solution of HJ. Besides that, another five
solutions were derived from the GA solutions (the means of the five best solutions, ten best
solutions, twenty best solutions, fifty best solutions and total solutions respectively) were also
tested. The result showed that using the best solution from GA as the initial solutions of HJ
has the highest tendency to reach the final best solution. However, among the 150 tested cases,
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72% of the best final solutions were obtained using the other initial solutions. The overall
efficiency was improved by using multiple initial solutions for HJ instead of one initial solution.
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Abstract

Economic optimisation of silvicultural strategies is usually based on maximisation of
(expected) present value, prices and costs being based on historical information. However, in
some cases forest owners may have strong opinions regarding the character of future timber
markets, conflicting with the use of historical price information. For example, a forest owner
may expect wood quality to become much more important than it is today. Costs can often be
observed to vary less than sales prices of timber and, therefore, if the focus is on the wood
quality offered by various silvicultural alternatives and historical price information is considered
invalid, it may be a reasonable alternative to compare strategies using estimates of production
cost and product quality. In this paper such measures are used to identify the most robust and
efficient silvicultural strategies, i.e. strategies forming a frontier where products of a given
quality are produced at minimum costs and are thus most likely to prove profitable. However,
while the method may lead to robust and quite efficient strategies it does not ensure welfare
maximisation.

Keywords: Norway spruce, ring width, thinning regime, plant number, rotation age

1. Introduction

The economics of forest stands is influenced considerably by the applied silvicultural
strategy. Many studies have emphasised the search for economic optimal thinning strategies
(e.g. Nislund 1969; Roise 1986; Pukkala et al. 1998; Meilby 2001). Simulation studies reveal
that many local optima may exist, typically on a major ridge of the response surface (e.g.
Roise 1986, Pukkala et al. 1998). Usually the optimal solution is searched for under a fixed
set of historically based assumptions regarding prices and costs. The uncertainty characterising
such assumptions is considerable and, therefore, some studies include price uncertainty in the
evaluation of stand management strategies (e.g. Haight & Smith 1991, Teeter & Caulfield
1991, Abildtrup 1999, pp. 191-214). However, forest owners and managers may have strong
personal opinions regarding the quality preferences of future markets, conflicting with the use
of historical price information.

Abildtrup (1999) included a price premium on quality. However, a basic assumption in
many studies is that the proportion of the timber production which can be marketed as saw
logs depends on thinning regime only to the extent that thinning influences the diameter
distribution. However, as recognised in studies like those of Briggs & Fight (1992) and Eriks-
son & Kyrkjeeide (1992), this is hardly an adequate description of reality. An example
illustrating how the quality aspect of thinning strategies can be handled within the present
value framework is found in Meilby (2002).

Sales prices are often characterised by a greater variation than costs. For example, data
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from private forest estates in Denmark yielded the following coefficients of variation for the
22-year period 1981-2002: average sales prices of coniferous timber: 0.28, harvest costs of
coniferous timber: 0.24, administration costs: 0.11, and total harvest-independent costs
(including administration): 0.14 (Danish Forest Association, 1982-2003; prices were deflated
using a consumer price index). Moreover, as illustrated in the example in Figure 1, even for
minimal discount rates at least 40-50 per cent of the total discounted costs over the life span
of'a planted stand are costs that are not likely to vary much (harvest-independent, fixed costs)
or costs that are known with a high degree of certainty at the time of planting (regeneration
costs). Accordingly, provided that the forest owner has a firm notion of the quality preferences
of future markets, an approach mainly based on costs and product quality might be deemed a
more reliable and pedagogic tool for choosing a suitable silvicultural strategy than a present
value approach, even if it does not necessarily lead to welfare maximisation. Therefore, in this
paper a highly simplified product quality description is used in combination with an estimated
production cost. By using such tools along with expected future price structures (effect of
diameter and quality on price) those silvicultural strategies may be identified, which have the
greatest chance of being profitable.

o 100 A

©

Q

%]

T 801 Harvest costs

=

3J

S 60 -

2

..U_ Harvest-independent, fixed costs

o

. 40 A
k7]

j= B

= 20 - Regeneration costs

3

Q
<

0 T T T T T T T
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

Discount rate

Figure 1. Distribution of discounted costs for a rotation of spruce including four thinnings:
age 25: V=50m’ha’, D,=12cm;age35: V=150 m’ha’, D =18 cm; age 45: V=200 m*ha
', D, =22 cm; age 55: V=100 m’ha" ,D, =26 cm. Fmal harvest at age 65: V=500 m*ha’,
D =30cm. Regeneration cost: 3000 €ha  annual harvest- independent cost: 140 €ha’!, harvest
cost (Em3)=5+250/ D..

2. Method — the production cost criterion

2.1 Production cost

The exact cost of producing a given log cannot easily be stated. Of course, one may
calculate the costs of cutting away branches, crosscutting the stem and transporting the log to
the road. Likewise, the costs of marking and felling the tree may be distributed to the logs.
However, regeneration costs, management costs and silvicultural costs are defrayed at other
points in time and are related to the whole rotation. Consequently, we will apply a simple
definition based on the soil expectation value, S, expressed as:
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(1+5) -1
(1)
where 7'is rotation age, a is the age of transplants when planted, b is discount rate, C,
is the density-independent regeneration cost (soil preparation, fencing), C, is the cost
per plant, N, is the initial density of plants (ha™), B(r) = (1+b)1 is a discounting
factor, V,(7) is the harvested volume at age 7, P(7) is the average sales price of wood,
C,(1) is the average cost of harvest and transportation at age 7, and C_(¢) are annual
fixed costs (administration, management, taxes, road maintenance).
For plantation forests to be profitable the soil expectation value has to be greater
than or equal to zero. Accordingly, a reasonable measure of production cost
corresponds to that sales price which leads to a soil expectation value of zero under
the applied assumptions regarding the costs: C, C, C(0, and C (7). Setting the

left-hand side of equation (1) to zero and defining that V¢ : E = P(t) = P(T), we

can express the production cost }N’C as:

& +&, 1+ iB(r) 7, ()&, () +&; (1)]

I=a

2. BOY, @) ’

(O

)

in other words, the production cost of a cubic metre of wood is defined as discounted
costs defrayed over a rotation, divided by discounted volume yields. Note that in this
definition of production cost the opportunity cost of the silvicultural strategy is assumed
to be zero.

2.2 Product quality

The industrial utility value and, hence, the relative price of a given quality of timber
depends on diameter as well as homogeneity, strength and stiffness of the wood. The only
measure of diameter that is directly available as output from a forest growth model is the
diameter at breast height and, to be more specific, for a stand growth model it is the quadratic
mean diameter of thinned or harvested trees. To characterise the outcome of a silvicultural
strategy a single measure of diameter is needed. An obvious candidate measure is the volume-
weighted quadratic mean diameter. However, while this metric yields a fair description of the
size of stems produced, it appears inappropriate that it attaches the same weight to volumes
harvested in the near and far future. Therefore, it may be chosen to use a discounted and
volume-weighted quadratic mean diameter instead. The two alternative metrics are thus defined
as:
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As regards the wood quality of the timber, we cannot apply the visual and
subjective classification rules that are used in practice. Instead wood quality must be
quantified using a simple index that can be derived from growth model output. For
simplicity and to avoid introducing additional models it is chosen to apply the average
ring width at breast height. For a stand that reaches breast height at age 7,, the average
ring width at breast height can be estimated as: R(¢) = Dg(t)/(2[t—tbh]). To obtain
measures that characterise a whole silvicultural strategy we use the same principles as
above, i.e. either a simple, volume-weighted average ring width or a discounted and
volume-weighted average ring width:

DV, () R() > BNV, () R(©)
E:l=aT EW:haT 4
NAG N DI AT

2.3 Price structure

As mentioned in Section 1 one of the premises of this paper is that the forest owner or
manager has a firm expectation regarding the future price structure, i.e. the relative effects of
diameter and quality on prices, but no idea about price level or variation. Moreover, he or she
wants to avoid introducing historically based assumptions about prices. Evaluation of the
relative economic efficiency of silvicultural strategies is therefore done by (i) calculating the
production cost and weighted diameter and ring width according to (2)-(4); (ii) proposing a
relationship between diameter, ring width and sales price using an arbitrary price level, and
(iii) measuring the difference between the hypothetical sales price P(-) and the production cost

B
A=P(D,,.R,)-B. .5

The greater the value of H, the more likely the silvicultural strategy is to be profitable
under the applied assumption regarding price structure. Note that as long as the same price

function P(+) is used for all strategies the actual level of the function does not matter. To keep
the system as simple as possible the basic price function applied in this paper is:

P(BgWaEW) =Dy +pD5gW _pREW ,  (6)

where p, is the (arbitrary) price level and p and p, indicate the price structure.
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Figure 2 illustrates the strategy evaluation. Among the five alternative silvicultural

strategies shown in Fig. 2 the one yielding the greatest H is Strategy E, no matter the level of
the price surface. The poorest performance is observed for Strategy A.
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Figure 2. A hypothetical price surface with slopes defined by the forest owner is compared

with the production costs, ﬁ(, , estimated for five silvicultural strategies (A...E).

2.4 Production cost vs. soil expectation value

The use of the production cost criterion is straightforward: if we consider
two different strategies (1 and 2) and *, > *, we would prefer Strategy 1 to Strategy
2, just as if S, > ). What may not be quite as obvious is under what conditions the
evaluation can be expected to lead to the same conclusion irrespective of the choice
of criterion. Therefore, we will briefly consider the problem for a simple situation

with only one product quality variable, Q. For a situation where Strategy 1 is preferred
to Strategy 2 the production cost criterion can be written as:

A>A = P(QWI)_ETI > P(éwz)_ﬁ(,‘z - (D
Using the production cost definition in (2), the discounted and volume-weighted
quality measure in (3)-(4), and assuming that the price function P(*) is linear like in

(6) and expressed as P(Q) = a + [ O, the condition in (7) can be written as:
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For Strategy 1 to be preferred to Strategy 2 the soil expectation value criterion
implies that S, > S,. By specifying S as in (1), setting P(7) = P(Q(?)), introducing
E(T) as short for E(T)=x1+E)' “]/X1+E)' ™ 1], using the same linear price

function as above, P(Q) = a + [ O, and organising the expression in an expedient
manner we find that:

E(T}) % (— Co—C, Ny, + 3 BOW,, (e + B0, 1) BO,,()C, 1) +C, <r)]j

> E(Tz)X(— Co=C, No, + iB(t)Vh,z(t)(a +£0,(0)-BO,,()C, 1)+ C(;(t)]j
€)

By comparing this expression with (8) above it is seen that agreement
between the two criteria cannot generally be guaranteed. However, if 7, =T, then
the condition ZB()V, (1) <ZB(1)V, (1) is sufficient to ensure agreement.

3. Example — applying the method in practice
3.1 Growth model

To enable evaluation of a wide range of silvicultural strategies, including
strategies with high or low initial stem numbers, no thinning or heavy thinning,
thinning from above or below, long or short rotations, or any possible combination
thereof, a very flexible growth model is needed. Leary et al. (2004) developed a
flexible stand growth model for Norway spruce in Denmark, which is formulated as
a set of three difference equations, all including a common stand-specific coefficient
(D), i.e. a site quality parameter. The applied, preliminary version of the model is
expressed as:

A]{100

= Hyg exp(~0.1405H,,, ) , (10)
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©= 01525 D2 H §(-0.000156 D? 1 )+ &+ (D,) , (11)

AA]tV —T,,, 0.000002 N°7* exp(0.001476 D2 N)+CH(N) |  (12)

thin

where the top height, H,, is the height (in metres) of the 100 trees per ha with the
greatest diameters at breast height, D, is diameter corresponding to mean basal area
(in centimetres), N is the stem number (in 100 ha''), @ is the stand-specific growth
rate parameter, 7', is the time since last thinning (in years), and CH(D,) and CH(N)
are the forced changes in D, and N due to thinning, respectively.

In the simulations an initial age of 4 years was applied. At this age the top
height is assumed to be 0.4 metres. First the height growth was simulated using model
(10) until the top height exceeded 1.3 m. The breast height age (7,,) was recorded.
The mortality during this time was assumed to be 5% of the plants. Moreover, the
diameter corresponding to mean basal area at this age was assumed to be 1 cm. The
growth and mortality in the remaining part of the rotation was estimated using the
three models (10)-(12). To estimate the total stem volume the volume function of
Madsen C Heuserr (1993) was used.

3.2 Silvicultural strategies

Stand development was simulated for stands with an initial stem number N, ranging
from 2000 to 7000 ha''. A step length of 500 ha' was applied (i.e. N, = 2000, 2500,
..., 6500, 7000 ha'). The rotation ages (7 tried out ranged from 35 to 75 years
with a step length of 5 years, i.e. 7= 35, 40, ..., 65, 70. Each thinning was
specified using two parameters, the proportion of the stem number removed p, =
N, N, P— and the ratio of the quadratic mean diameter of thinned trees to
the quadratic mean diameter of the stand before thinning », =D, sefore thinning’
The applied thinning alternatives are specified in Table 1 and include both thinnings
from below (r,, <1) and from the top (,, > 1). At each thinning occasion all
possible combinations of p, , i =0... 7 _(7), and Fppd = 1o Ja (D), were tried out
(notethati and; _ depend on age). The total number of different silvicultural
strategies was 19,112,522, The applied growth rate parameter was @ = (.4 , which

corresponds to a maximum average annual increment of roughly 20 m*ha’!.

Table 1. Applied thinning specifications.

Age Proportion of trees thinned Relative diameter of thinned trees

[vears] Pxo Pt P2 Py3 Py Pxs m L)) 3 T Fps

25 0.00 040 0.35 0.30 0.25 0.20 0.80 090 1.00 1.10 1.20

30 0.00 035 0.30 0.25 0.20 0.85 095 1.05 1.15

35 0.00 035 0.25 0.15 0.90 1.00 1.10

40 0.00 030 0.20 095  1.00 1.05

45 0.00 025 0.15 095  1.05

50 0.00 0.20 1.00
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3.3 Economic parameters
Production costs were estimated as expressed in (2). The cost parameters were:
fixed cost of cultivation C, = 800 €ha’, cost per plant C,=050¢€, harvest cost
(Em’) C () =5+250/ D (o), and the annual costs of administration, management,
taxes, road maintenance, etc. were assumed constant: C . = 140 €ha’'. The applied
discount rate was b = 0.02.

All strategies were examined using the principles expressed in (5) and (6), i.e.

for a given hypothetical price surface P(D, > R, ) those strategies that yielded the

highest value of A were searched for, the objective being to examine the
characteristics of strategies included in the resulting ‘frontier’ set, depending on the
expected price structure. The frontier was defined as the best 0.01% of the
19,112,522 strategies, i.e. the 1,911 strategies above the 99.99% quantile of the
distribution of A .

In Section 4 the characteristics of selected frontiers will be examined. To
standardise the slope parameters of the price function (6) the function was

reformulated as: P(ng,ﬁwj =20+5% (fi},ﬁgﬁ, - {?’:QIUEW), where ng isin

centimetres, &, is in milli-metres per year, and #, and #, express the price

structure and vary within the range 0-1.

3.4 Strategy metrics

To describe the characteristics of the frontier strategies a set of metrics is
needed. Consider a frontier including the strategies m=1... M. Strategy m includes k
=0...K thinnings (in some cases there are no thinnings). The stand basal area G ()
is considered from the time when the stand reaches a height of 5 metres, 7, . The
applied metrics are specified in Table 2.

Table 2. Applied strategy metrics.

Single strategy (m)

Set of strategies (1...M)

Mean plant number

Weighted mean thinning age

Mean basal area

Mean relative thinning diameter

Mean rotation age

N
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4. Results

In Figure 3 the distribution of the silvicultural strategies is illustrated
with respect to and . Figure 3 also shows the distributions of the frontier strategies
for four different market scenarios. For the scenario where 6, =0, = 0.0 the
frontier is found in the central part of the distribution and appears to include 4-5
subpopulations of strategies. If 6, = 0.0 and 0, = 0.5, narrow annual rings are
prioritised and the frontier *cloud” moves to the left. In this case the frontier
appears to include 2-3 subpopulations. If 6, = 0.5 and 0, = 0.0, large diameter is
prioritised and the preferred strategies are found in the uppermost right-hand
corner. Finally, if 0, =0, = 0.5, the frontier cloud” moves up and to the left. In this
case the cloud is very thin and flat, so the frontier covers a wide range of mean ring
widths and diameters.

39.5

_8,=6,=05
| 8,=05,8,=0.0

Dgw, Weighted Dg (cm)

242 Ry, Weighted ring width (mm) 4.06

Figure 3. Plot ofall 19,112,522 strategies (grey dots) in diameter/quality space. Frontier
strategies (black dots) are overlaid for four different market scenarios (6,.,0,).

Figure 3 may indicate that at least some of the frontiers include a wide range
of markedly different silvicultural regimes. It emerges that this is indeed true in
rather many cases. Figure 4 shows the distribution with respect to and for the
particularly heterogeneous case where 0, =0, = 0.5. It appears that in this case the
frontier includes strategies with moderately light to very light thinning and
strategies with thinning from below as well as strategies with thinning from above.
Closer examination of the frontier in Fig. 4 reveals that the rotation age 7 only
varies from 60 to 75 years (mean 72.6 years), whereas the initial number of plants
N, varies from 2000 to 7000 ha (mean 3024 ha''), high values coinciding with high
values, and the weighted thinning age varies from 25 to 50 years (mean 40.8
years), high values coinciding with thinning from above.
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Depending on one’s general attitude and state of mind, the wide range of strategies
represented in the frontier in Figure 4 can either be considered comfortable or
confusing. However, to obtain a notion of the effect of the expected future market
situation it may be sufficient to examine the mean characteristics of the associated
frontiers. An example of this is shown in Figure 5. As will appear from the Figure,
the variations are pretty much in agreement with common sense, i.e. with increasing
weight on quality the mean plant number increases and the thinning intensity
decreases. Similarly, with increasing weight on diameter the mean number of plants
decreases and the mean rotation age increases. On the other hand, it may be less
obvious that increasing weight on diameter has no particular effect on mean basal
area if there is no price premium on quality (0, HH 0). Similarly, the mean relative
thinning diameter is not influenced much by a slope parameter (0,0 ) if the other
slope parameter is close to zero.

D?

5. Conclusion

Application of the production cost measure presented here does not maximise the welfare
of the forest owner and, as such, it is not generally an ideal tool for choosing between silvicultural
alternatives. However, for an owner who expects the future market to behave in a manner that
differs markedly from previous experience and has a firm conviction with respect to the character
of this future market, the described procedure is likely to yield robust and presumably quite
efficient results without making use of assumptions regarding future price levels or price
variations. Moreover, it provides a simple and pedagogic measure of cost, measured on the
same scale as prices. Unfortunately, as described by Abildtrup (1999), price structures can be
observed to vary considerably over time so the robustness and efficiency of silvicultural
strategies chosen on the basis of production cost are clearly conditional on the owner’s sincere
faith in the applied price structure.
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Abstract

Sustainability has several definitions within natural resource economics. Sustainable
states may be economically or biologically determined. Age and age classes add complexity to
any definition of forest sustainability. Here we focus on selected metrics that might be used to
define forest sustainability, convergence to a sustainable state, and methods that allow
convergence detection and classification of forest dynamics. In a deterministic world sustainable
states of forests may be cyclic or fixed. If random perturbations are included, sustainability is
associated with convergence of distribution parameters. Pattern recognition procedures are
presented that detect whether a forest converges to a cyclic, a fixed or a stationary state and
whether convergence is fast, slow or cannot be observed within the time horizon considered.

Keywords: Faustmann normal forest, forest cycles, convergence criteria, convergence
detection

1. Introduction

An inherent characteristic of forest management is the need to make decisions regarding
harvesting, regeneration, thinning and other silvicultural activities. These human interventions
influence the current state and long-term development of the forest and its productivity, which
determine economically feasible options. Some types of interventions are crucial to the state
and long-term dynamics of the forest whereas other interventions have more limited impacts.
Forest economics has widely focused on determining the optimal rotation age or harvest time
for a stand of trees. However, long-term forest dynamics including the evolution of forest age
class structure over many rotations has not received much scrutiny (Newman 2002).

Since the 1950°s, standard answers regarding optimal harvesting provided by forest
economists have been based on the Faustmann Model of forest management (see Newman
1988 and Newman 2002 for comprehensive reviews). In the Faustmann Model the optimal
harvest age that maximizes the net present value of bare land is determined. In most studies
the age class structure of the forest is assumed to follow directly from the Faustmann harvest
age, and take the form of a Normal Forest, i.e. if ¢” is the Faustmann harvest age, then a forest
can be divided into a” compartments, each with 1/a"th of the forest area. All a* age classes
within the interval [0; a'[, or [1; a"] depending on the season, occupy one compartment and
every year one compartment is harvested.

There are several reasons why a normal forest may be desirable, including such advantages
as sustainable harvest levels and the absence of adjustment costs from changing harvest levels.
However, the idea of a normal forest and particularly the Faustmann normal forest has acquired
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almost mythical, unquestioned status as an inherently desirable goal. Only a limited number
of studies have addressed the questions of under what circumstances is a Faustmann normal
forest desirable, under what conditions will optimal harvesting generate a Faustmann normal
forest, and what types of dynamic/static age class structures will otherwise arise (Mitra &
Wan 1985, 1986, Salo & Tahvonen 2002a,b, 2003, Wan 1985, Wan & Anderson 1983, Wan
1994).

A re-examination of the desirability and a more extensive analysis of the conditions that
generate Faustmann normal forests are timely due to the emergence of sustainability as an
increasingly important natural resource management goal, and the simultaneous proliferation
of optimal harvesting rules that either extend the Faustmann rule or offer alternative rules,
e.g. the ‘reservation price approach’ (Brazee & Mendelsohn 1988, Brazee & Newman 1999,
Lohmander 1987) and the ‘real-options approach’ (Thorsen & Malchow-Moller 2003). The
development of such alternative harvest rules, incorporating risk and uncertainty or in other
ways extending the Faustmann Model, have dominated the forest economics literature since
the late 1980’s (Newman 2002). The focus of these alternative rules has been to incorporate
omitted factors into optimal harvest rules. Thus, for example the analyses have focused on
optimal response to changing prices, but have not analyzed changes of age class structures
over time and the associated effects on managerial flexibility and sustainability.

Although much has been written on sustainability, little has been done to quantify the
impacts of sustainability and its implications for forest management. The popularity of
sustainability as a goal of forest and natural resource management suggests a concern with
future harvests, future forests, and managerial flexibility. How the age class structure of a
forest changes over time and how this influences the availability of mature stands for possible
harvest are essential components of both determining forest sustainability and managerial
flexibility.

The aim of this paper is to provide some of the tools needed to analyze age class structure
and long-term forest dynamics. Metrics are a primary tool to describe forest dynamics and to
distinguish between desirable and less desirable dynamics. The metrics are intended to serve
as a basis for future studies that attempt to combine theoretical and applied approaches by
focusing on the development and simulation of very simple systems with some standard features
of standing forests. These studies are intended to supplement theoretical works with more
detailed results providing a broader and clearer picture of the implications of various decision
rules and management strategies.

The outline of the paper is as follows. In Section 2 general metrics are presented. In
Section 3 relevant forest state variables are defined and identified. In Section 4 we present
methods for convergence detection for different types of systems. In Section 5 we illustrate the
characteristics of selected metrics when applied to a simple, deterministic example. Section 6
is a brief conclusion.

2. General metrics

By ‘general metrics’ we refer to parameters or statistics that are applicable to and could
measure the distributional properties of almost any variable. These general metrics are intended
to characterize dynamics after the time when the forest appears to have converged to some
sort of dynamically stable state, or after the time when it has been decided that such a state
cannot be identified within the time frame considered.

The graph in Figure 1 shows a single cycle of a forest state variable in deterministic
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systems or a forest state distribution parameter in stochastic systems. Figure 1 illustrates
some standard metrics within a forest state cycle. The variations of the state variable influence
the level and stability of the owner’s utility as well as the risk implied by unexpected external
events. The forest value is above the cycle mean most of the time but has a large negative
spike. Within the context of risk aversion a large negative spike may have a greater impact
than indicated by the standard deviation or the amplitude. Similarly, a large positive spike
may have a smaller impact than indicated by the standard deviation or the amplitude.

Maximum
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©
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Figure 1. Characterization of the dynamics of a cycling forest state variable or distribution
parameter.

When the forest has reached a static or dynamic equilibrium it will be characterized by
constancy or cycles. To characterize cycles by periodicity let the period length, p >1 be the
time between identical forest states or identical distributions of forest states.

Dynamics type is a basic classification metric. We distinguish three different types:
convergent, cyclic and unresolved dynamics. For asymptotically convergent dynamics the
period length is p = 1, for cyclic dynamics p > 1, and for unresolved dynamics, p is not
identified within 7years. Formal definitions are presented in Section 4. Unresolved dynamics
may indicate a chaotic process but — more likely — it means that the system has not been
monitored for a sufficiently long period of time (7). To identify truly chaotic dynamics is
demanding, both in terms of required number of iterations and required numerical precision.
Stochastic state variables are considerably more difficult to characterize than are deterministic
state variables. However, deterministic state variables are often difficult enough to type. For
example, in one of the cases in Meilby (2002) a forest was observed to enter a 3,500-year
cycle after roughly 12,000 years. Given the large, unknown number of iterations that maybe
required to identify chaotic dynamics we prefer using the term ‘unresolved’.

A variable that is strongly related to the identification of the dynamics type and the
associated period p is the time to convergence. The time to convergence, 7 , is defined as the
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time from the start of the process to the time of the first occurrence of a repeated forest state
or forest state distribution and, therefore, for unresolved dynamics the value of 7 is not defined.

Consider a forest state variable, X(¢) at time ¢, 1 €[0;7']. As all cycles of a fully

converged deterministic forest are identical within some numerical tolerance, for a forest that
has converged we only need to consider the period 7, =7 to ¢, =7, + p—1 i.e. itis only
necessary to define the metrics for one single period of duration p. However, in situations
where the dynamics remain unresolved, and situations where state variables are stochastic,
we may need to consider the period 7, = T—p to ¢, = T. Since examining an entire time horizon
is effort consuming, it may be desirable to examine a subperiod. For unresolved deterministic
dynamics one may choose to examine a given percentage of the latest simulated states. For
many series, we found examining the last 10-20% of the series to work well. For a single
convergent stochastic variable a reasonable choice seems to be to evaluate all states observed
after the time when convergence was detected. For a single stochastic variable that does not
appear to converge autocorrelation is likely to occur, and it may be appropriate to evaluate a
systematic or random sample of, e.g., 10-20% of the forest states observed within the last
50% of the simulation.

Standard descriptive statics may be used to characterize both the trajectory of X(7) in
the interval ¢ € [0;7], or within a cycle of duration p = 1. For unresolved cases and for
stochastic forests we operate on a sample. For deterministic cases with a fixed cycle, population
formulas are used. Useful descriptive statistics include the mean, the standard deviation, the
minimum, the maximum and the amplitude.

Compared to small and frequent negative deviations, rare but large negative deviations
are often highly influential, when evaluating the utility of NPV or cash flow. Hence, it may be
relevant to consider the skewness of the distribution of X(7). Again we need to distinguish
between situations where we operate on a sample or on a population. A simple skewness
measure is:

=4

S (x@y-x)

When we consider a sample: L) =2 .
(S=D HxX)’
=l 3
> (X¥()-X)
When the complete cycle is known: (X)) = =l

SHX)Y

An alternative way to measure the asymmetry of the distribution is to calculate the
proportion of the sum of squared deviations caused by negative deviations from the mean:

(=1

D>+’
Z(X(t) B )?)2 where (1)

1=l

0 if X)=2X
XO-X if X()<X

By applying the above metrics to the relevant forest state variables a description of the
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long-term dynamics should be obtained for almost any forest system. However, as mentioned
above the exact use of general metrics depends on the specific characteristics of the system
under study.

3. State variables

The state of the forest may be described by a set of variables, which express the factors
that have the greatest influence on economic sustainability, i.e. variables that describe the
owner’s current choices, long-term flexibility and the potential for dynamic stability. No sing-
le variable can describe all factors but by combining a few variables it may be possible to
construct a useful description.

An obvious measure to partially describe an owner’s current choices is the disposal or
liquidation value of the forest (not including the sales value of bare land). Suppose that a is
age, a__is the maximum biological age of the forest or the maximum age that would ever
occur in the forest, P(a) is the stumpage value at age a on a per hectare basis, and 4A(a.?) is the
area in age class a at time ¢. The liquidation value at time 7 is:

Amax

L(t) = P(a) A(a.1) |

The liquidation value provides an indication of immediate flexibility but does not
characterize the range of options available to the owner in the long term. Therefore, we include
the net present value of the forest at time ¢:

1
. —(7=1)
WO =lim3.2, 4y (a.0)(P@-C)[i+r]

where 4, (a,0) is the area harvested in age class a at time 6, r is discount rate and C is
regeneration costs. In practice W(r) will be estimated on the basis of revenues from a finite
period of time. However, with a positive discount rate net values in the distant future will be
close to zero, and the approximation of W) will be close to the actual value. With the inclusion
of state probabilities the extension to an expected net present value is immediate.

In the calculation of net present value future revenues and costs are weighted according
to the owner’s own time preference, and thus the net present value yields an exact description
of'the forest value perceived by a particular owner. However, with a positive discount rate the
net present value puts the most weight on revenues of the near future. NPV does not provide
a good description of the long-term stability of income from the forest. To adequately describe
long-term stability we introduce a metric describing the age structure’s current deviation
from a normal forest. The goal of this metric is to determine the degree of disagreement
between the actual land area distribution at time 7 and the normal forest rectangle (width a”
years; height 1/a"):

Amax

2 A@.n/ A4, 0,

a=a +1

N(t) = i‘A(a,t)/Aml ) -1/a’|+

where 4_(7) is the total current area of the forest.
In a sense each deviation is counted twice, i.e. where it is “missing” and where it ends
up. The highest value of this metric, N=2, would only arise in a forest that is all older than a".
When a forest is all younger than ¢" and all land is in a single class, N converges towards 2 as
a” approaches infinity.

59



4. Convergence

To develop methods for pattern identification and classification of dynamic state variables,
we need to distinguish between strictly deterministic systems, and processes that are known to
be influenced by stochastic disturbances or are likely to endogenously generate perturbations.
Truly deterministic systems are unlikely to exist in reality, but serve as useful benchmarks
because results for deterministic systems are usually more detailed and complete than results
for systems that include random effects. In addition, the dynamics of simple deterministic
systems can be evaluated using only a single simulation, while it will usually be necessary to
undertake Monte-Carlo simulations to evaluate stochastic systems.

In deterministic cases dynamics can be classified by examining whether a parameter
converges towards an asymptotic value, a fixed cycle or remains unresolved at the end of the
time period considered. In stochastic cases classification implies recognizing if and when a
distribution parameter converges in probability to a limit. Here we will both consider situations
where distribution parameters converge asymptotically (p = 1) and situations where they
converge towards a cycle (p > 1). In all cases we will use the term ‘stationarity’ (sensu lato)
to indicate a situation where convergence has been detected, no matter the particular type of
pattern identified.

4.1 Convergence of deterministic systems
At time ¢ the state of the forest system is given by X(7). The system is monitored for 7
years/iterations, and the sequence is examined for occurrence of periodic/cyclic behavior. For

any (small) tolerance a we may generally state that a cycle with period p >1 occurs for X
from time 7, and onwards if:

Vke N'.Vrel0.p-1]: |X,(t, +7+kp)-X,(t, +7)| <& .

As we only monitor the development of the system for 7"years a cycle with period p is in
practice observed if

Vk e[l..int(T 1)/ p)l.Vrel0..p-1]: [X,(t. ++kp)- X, (1, +7)| <€,

If the observed period is p = 1, we will describe the convergence of the trajectory as
asymptotical, otherwise it converges to a cycle. If 7 and p are not identified within 7" years the
dynamics of the system is considered unresolved.

4.2 Convergence detection for replicated stochastic series

To detect dynamics types for stochastic series, it is necessary to define convergence of a
stochastic series. There are several definitions of stochastic convergence. We adopt a simple
definition based on Billingsley (1995, p. 70): lim ., P[|¥(¢)-i|* e] = 0, where i is the convergence
level of the parameter Y and e is an arbitrary tolerance.

Similar to deterministic systems the first task is to examine whether a process stabilizes
over time or not. If the process converges key questions are: (1) how are the dynamics
characterized, (2) at what level does the process stabilize and (3) how does the process vary
over time. Here we attempt to categorize the stationary state by the first two moments of the
distribution of outcomes. To do this it must first be determined whether the first two moments
converge asymptotically or exhibit periodic behavior (cycles). In case that neither of these
apply, we will consider the dynamics unresolved.

As above the system is monitored for 7"years. The simulation is repeated M times.
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Accordingly, for X(7) we have M different outcomes, X (#)...X (1). We define a level 4 at
which we test the value of the mean and variance of X at one point in time, 7, against the mean
and variance of X at another point in time, 7. We then propose a time of convergence

t,>>0;T>and a period p > 1, and repeat the test VN> [1..IQT —¢,)/ S)] and

Vre [O...p —1] with 7, =7, +7 and ¢, =7, + 7+ NS. Based on the null hypothesis H:
s*(X(1))) = s(X(z,)), we test the equality of the variances using the F statistic:

e max{sZ(X(fc + T)),SZ(X(Q +7+ kp))}
Cmin{s’ (X, + )52 (X, +7+hp)]

which is F-distributed with (M-1,M-1) degrees of freedom under H,..

For all combinations of 7 and p the number of times that H is rejected is tallied, and if
the proportion of rejections does not exceed 4 or some other chosen threshold, we conclude
that the variance of X is likely to exhibit periodic dynamics with period p from time 7, and
onwards.

If it is established that periodicity with period p cannot be rejected from time 7, and
onwards, we may proceed testing whether the apparent periodicity applies to the mean values
too. The null hypothesis is H ;2 (X(#,)) =4 (X(z,)). For all combinations of k and 7 the following
¢ statistic is used to test the null hypothesis:

)?(tc +r)—A_’(tc + 7+ kp)
(X, + 1)+ > (X (1, + 7+ kp)))/M

The number of degrees of freedom in each individual test can be estimated using
Satterthwaite’s approximation. When the number of replications is equal in the two samples
Satterthwaite’s approximation can be expressed as:

257 (X(t, + 0)s> (X (¢, + 7 + kp)) j

t =

sTX(t, + 1) +sT(X(t, + T+ kp))

i.e. df approximately equals 2 (M-1).

Again the number of times that H is rejected is tallied. If the proportion of rejections
does not exceed the chosen threshold, we conclude that the mean of X is likely to exhibit
periodic dynamics with period p from time 7, and onwards.

Since the null hypothesis for mean values is only tested if the variance appears to be
periodic, then it is assumed thatc*(X(7,)) = 6*(X(Z,)), and we may use the pooled-variance
version of the ¢ statistic:

i X(t, +7)-X(t, + 7+ kp)

252 /M :

where s? is the pooled variance:

s°= (M - 1)>< (S2 (X(t, +7)+s>(X(t, +7+ kp)))/(ZM - 2) and the number of degrees
of freedom in each individual test is 2M-2.

It should be noted that the outcomes of the tests described inevitably depend on the
number of replications (M) and the chosen significance level (a). Moreover, it may happen
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that ambiguous results are obtained, i.e. that periodicity is accepted for a number of different
values of p (that are not multiples of each other). To choose the most likely set of 7, and p the
value of a may be increased, leading to more frequent rejections of the null hypotheses, until
only one candidate remains.

4.3 Convergence detection for a single stochastic trajectory

Although convergence of the mean and the variance indicate the existence of a
comparatively stable region, they do not describe, neither address the convergence path. Paths
may converge at different levels or exhibit fluctuations with different amplitudes, and some
paths may become stationary before others. Therefore the distribution of times to stationarity
(¢) of individual paths as well as the mean and variance of individual stationary paths with
regard to a specific state variable, X' may be of interest. Here we define a convergence criterion
for an individual series in addition to the convergence criteria defined above for the two first
moments of the distribution of outcomes.

A single simulation of the system is not sufficient to enable estimation of the moments of
the distribution at a given point in time. On the other hand, it appears to be a sufficient basis
of examining whether the individual X series converges towards a limiting distribution. Suppose
that the system is monitored for 7'years, with 7’being so large that the system can be expected
to converge within this time if it converges at all. Suppose also that the last u years of the
simulation (¢ = T-u+1...7T) are used as a basis of estimating the first two moments of the
distribution. Next, using appropriate assumptions regarding the type of limiting distribution,
outliers can be detected by introducing a threshold probability of more extreme outcomes
(P,.) and by estimating the corresponding quantiles, O, (#) and 0, ), of the distribution.
Next, the number of outliers, i.e. values below Q, () or above 0, (u), may be summed from
t=Tto t=0. The time of convergence 7, may then be defined as the time when the calculated

proportion of outliers, R, first exceeds a threshold value,i.e, R *P_.R is defined

outlier X outlier
as:

#122T| X (1) <Q,w)v X (1) >0, (u)
T+1-t '

A key choice is the value of u, i.e. the period used to estimate the moments of the
limiting distribution. Clearly, the greater the value of 7'the better, not only because it improves
the chances of actually observing values representing the limiting distribution but also because
it allows for greater values of u, improving the estimates of the moments of the limiting
distribution. If autocorrelation of the series arise, it may be necessary to examine the first-
order differences of state variables, AX(#’— #-1) = X(¢) — X(z-1), instead of the current state
variables, X(?).

A general concern with the analysis of single stochastic time series is that, not even a
long relatively stable series can guarantee that the system will not at some point diverge. Not
even a Monte Carlo simulation will be able to demonstrate that a given system can never
exhibit divergent behavior. Of course, if divergent patterns occur with not too small probabilities,
we would expect to observe them if we execute a reasonable number of simulations. However,
the possibility remains for stochastic series that rare circumstances may cause divergent
behavior.

Rautlier (Z/I, t) =
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5. Examples

To illustrate and compare the properties of the proposed metrics, we examine a simple
deterministic forest system with four age classes. The forest is assumed to have converged,
meaning that the age class structure is repeated every four periods, and that all state variables
fluctuate with p = 4. The age classes may be thought of as 10-year classes. Using a discount
rate of 0.2 therefore corresponds to roughly 0.02 on an annual basis.

The assumed harvest revenues and liquidation values are given in Table 1. The values
are stated in hypothetical monetary units per ha (MU ha™) but to give the values some real
meaning one may think of 1 MU as, e.g. 1000 € or 1000 §.

First, we apply the metrics. Figure 2 presents eight age class structures, four of which
(A...D) are designed to illustrate extremes, and four of which (E...H) are ‘random’ age class
structures. As the forest has reached a cyclic equilibrium, and all metrics are calculated for
the 4-year cycle the mean of liquidation and present values do not vary between age class
structures. The mean liquation value is 6.00 and mean present value is 25.50. Results for
standard deviation, skewness and amplitude are presented in Table 2. The variation within a
cycle obviously depends on the age class structure, the normal forest (A) yields no variation at
all and the single age class forest (D) yields a standard deviation for liquidation value that is
similar to its mean liquidation value, and a standard deviation of the present value, that is
roughly 20% of the mean present value. With only a single age class (D) has a large amplitude.

Regarding the deviation from a normal forest, it should be noted that due to the fact that
this metric attaches the same weight to all age classes, it does not vary between the four
periods of the cycle. Consequently Table 2 only includes the ‘mean’. The maximum value of
1.5 is reached for age class structure (D). Since age classes 5 and over are not allowed in this
example, 1.5 is the maximum possible value.

The skewness metrics cannot be calculated for the normal forest (A) as the standard
deviations of liquidation and present values are both zero. For the forest with three age classes
(B) the skewness of the liquidation value is negative because it has a marked negative spike
due to the missing age class. By contrast, for this age class structure the skewness of the
present value is positive because an upward spike generated when age class 1 is empty
dominates. Note that for the forest with one age class (D) the results are exactly the opposite,
and for the forest with two age classes (C) the distributions of liquidation and present values
are symmetric so both skewness metrics are zero.

Tablel. Harvest revenues and liquidation values used in the example.

Age class

Time of payment

15
15

Harvest revenue (MU ha™)"
Liquidation value (MU ha™)?
TMU ha'': Monetary Units per ha

S b O

—_— O =N

o O W
(98]
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Figure 2. Age class structures applied in Table 2.

Table 2. Metrics for the eight age class stuctures A...H in Figure 2.

Liquidation value, L (MU ha'])Jr Present value of forest, W (MU ha'])Jr Dev. from
normal, NV
Mean Std. Skew- Ampl. Mean Std. Skew- Ampl. (Mean)
Deyv. ness dev. ness

A 6.00 0.00 - 0.00 25.50 0.00 - 0.00 0.00
B 6.00 2.01 -0.45 5.00 25.50 1.74 0.76 443 0.50
C 6.00 4.03 0.00 11.00 25.50 346 0.00 8.61 1.00
D 6.00 6.04 0.45 15.00 25.50 521 -0.76 13.28 1.50
E 6.00 2.19 -0.18 5.07 25.50 1.88 -0.54 5.17 0.50
F 6.00 1.44 -0.12 4.00 25.50 1.23 -0.05 291 0.35
G 6.00 0.49 0.77 1.30 25.50 0.42 -0.29 1.06 0.12
H 6.00 1.72 0.12 471 25.50 1.51 -0.63 3.80 0.74

"MU ha™: Monetary Units per ha

Apart from ‘period length’ and the ‘time to convergence’, we have suggested 4-7 different
general metrics and 3 different variables that may be used to describe the state of the forest.
This implies that there are a total of 12-21 metrics that need to be considered when describing
the dynamics of a deterministic forest. However, some of the metrics are likely to be highly
correlated. For example it is obvious that the standard deviation and amplitude of a variable
are highly correlated. Therefore, in Table 3 we have calculated Pearson coefficients of correlation
for seven metrics based on a sample of 2000 random forests, each with four age classes and a
cycle with p = 4, similar to the examples (E...H) in Fig. 2. As expected, the table shows that
one single metric describing the variation, be it a standard deviation or an amplitude, is sufficient.
On the other hand, the skewness of liquidation value and present value are quite uncorrelated,
and the correlation between the skewness metrics and any of the variation metrics are low. The
deviation from a normal forest is, not surprisingly, highly correlated with the variation metrics
but the correlation with the skewness metrics is low. Therefore it appears that to describe a
deterministic forest one metric describing the mean of present value (or liquidation value), one
metric describing the variation, either standard deviation or amplitude, and two skewness

64



Table 3. Estimated coefficients of correlation (Pearson) between pairs of metrics. The estimates
are based on a sample of 2000 random initial age class structures with 4 age classes and a
cycle with period 4.

Dev. from
normal, ¥
Skewness  Amplitude Std. dev. Skewness  Amplitude (Mean)

Liquidation value, L Present value of forest, W

2 3 4 5 6 7
g, Sddev. 0.16 0.99 1.00 -0.20 0.99 0.89
é; Skewness 2 0.16 0.16 0.01 0.15 0.17
«
Fe
37 | Amplitude 3 0.99 0.20 0.95 0.89
Std. dev. 4 0.20 0.99 0.90
=k
% S | Skewness 5 -0.20 -0.30
£z
&~ g
Amplitude 6 0.88

metrics are needed. In addition it may be desirable to add the deviation from a normal forest.

6. Conclusion

In this paper we have outlined a number of general metrics and state variables that, in
suitable combinations, may be used to describe the long-term dynamics and economic
sustainability of forests in both deterministic and stochastic settings and regardless of whether
convergence is detected or not. We note that if convergence is not detected it cannot be known
whether the calculated metrics are representative of the long-term dynamics or simply describe
part of the path towards a long-term equilibrium, provided such equilibrium exists. Obviously,
detection of convergence is much easier for deterministic than for stochastic systems. In fact,
for stochastic systems there is always a possibility, however small it may be, that random
events may provoke the system to leave the equilibrium that it once converged towards.
Nevertheless, provided that a sufficient number of iterations and replications are included in
simulations the methods presented in Section 4 should enable identification of at least
temporarily convergent dynamics.

Clearly, the metrics and principles described here are of limited value when examined in
isolation. Thus, the raison d étre of this paper is to provide a foundation for simulation-based
studies focusing on long-term forest dynamics that arise under a specific set of decision rules,
initial conditions and externalities. Together the metrics and procedures in this paper form a
partial toolbox. Although not likely to be complete we still expect the paper to introduce
several of the tools that will be necessary for ongoing and planned studies on the role of
constraints and taxation in the convergence of forests, dynamics resulting from the reservation
price approach, and dynamics arising at the forest sector level as a consequence of owner’s
decision rules.
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Summary

Forest evaluation causes the greatest problems in farm accounting because it requires
exact, up-to date information concerning growing stock and bare forest-land. Moreover, the
changes in forest property value caused by the fluctuation in stumpage prices affects both the
balance sheet and even the profit and loss statement, and thus all forest profitability measures
from annual net profit to various ROl measures. While the evaluation of merchantable stands
can be based on market prices, the evaluation of unrealisable property, such as seedling stands,
as well as young and middle aged stands, is imprecise.

In 2002, the European Union (EU) accepted the International Accounting Standards
(IAS) —decree, which presumes that publicly quoted enterprises provide their concern financial
statement according to the International Financial Reporting Standards (IFRS)" in 2005 at the
latest. The forest industry corporations such as Stora Enso, UPM Kymmene and the M-real
group are considerable forest owners, and have to apply IFRS decree and IAS regulations as
well. The IAS 41 came into force at the beginning of 2003 (IAS 2002). This standard requires
that the biological property of public enterprises on the stock exchange has to be evaluated by
a “fair value’, which can be defined in terms of market prices at the time of felling and marketing
expenses. However, evaluation by a ‘fair value’ must not be made if the value cannot be
measured reliably. The value of seedling stands, as well as young and middle-aged stands can
be based on yield value, such as net present value (NPV), which is calculated by discounting
the incomes and costs. The interest rate used is defined in the IAS by the ‘risk-free’ rate.
Although the IAS does not bind enterprises outside the stock exchange, there are reasons for
other enterprises even on farms to adopt its practices.

The value of the whole growing stock has been divided into inventory and fixed asset in
the balance sheet. The inventory value of the marketable stand is based on an allowable cut
calculation that estimates the total number of felling opportunities when only forest law
limitations have been included. The change in forest value also affects the profit and loss
statement. The IAS therefore causes unrealistic fluctuations in net profit. The yearly fluctuations
of property values are caused by fellings, as well as the change in the growing stock, but
especially by the changes in stumpage prices. This profit and loss statement volatility suggests
that it would be advisable to perform sensitivity analyses and to compare the evaluations
obtained from different paradigms.

The forest management test material used in this research was collected from five
bookkeeping farms. The farm profitability study is part of the EU’s

! The Trustees of the IASC (International Accounting Standards Committee) has accepted in March
2001 a proposal to change the name of [AS-standards to IFRS-standards (IASC Foundation, Annual
Report 2001).
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Farm Accountancy Data Network (FADN). In Finland there are about 900 farms involved in
this network. The economic data concerning forestry of the case farms comes from this
bookkeeping. However, forest inventory data provided by the farms is based on their forest
management plans (FMPs). Using up to date FMPs, the balance sheet can be calculated
accurately enough, but over time the data will become obsolete. The value of the forest and its
changes requires the growing stock to be updated. In addition to a FMP, knowledge of fellings
and silvicultural activities is required. In this study, the applicability of a Finnish forest
management planning software (MELA) is used for updating the forest inventory data.

Keywords: forest value, allowable cut, forest management plan, accounting, IAS (International
Accounting Standards), farm accountancy data network (FADN)

1. Introduction

1.1 Agricultural bookkeeping farms and forestry

In Finland there were in 2001 roughly 72,500 farms with agricultural arable land exceeding
one hectare, possessing altogether 4,490,000 hectares of forest. The average area of forest-
land per farm was 48 hectares, an increase of some 6 hectares per farm from 1990. The
agricultural profitability bookkeeping maintained by MTT Economic Research monitors the
economic development of agriculture, horticulture, diversification business and forestry, based
on the accounting data collected annually from the approximately 900 agricultural bookkeeping
farms (Profitability bookkeeping 2004). Since 1995, profitability bookkeeping has been part
of the farm accountancy data network (FADN) of the member states of the European union
(EU). Profitability bookkeeping data and results is employed in research, agricultural
administration, economic consulting, advising, interest supervision and agricultural education.

A bookkeeping farm can be disaggregated into different production lines (business

areas): agriculture, horticulture, other diversification businesses and forestry. On farms income
from timber sales can be used for production and investments in agriculture and other businesses.
For each production line, closing the accounts, as well as ratios depicting profitability, liquidity
and solvency, can be calculated using the data collected.

It has been difficult to calculate reliable accrual-based closing of accounts for forestry.
The reason for this has been the lack of data as well as methodological deficiencies in estimating
the values of the growing stock and the bare forest-land. The value of the growing stock
fluctuates annually according to impact of the net increase and fellings. Moreover, changes in
stumpage prices affect the value of the growing stock. The change in the value of the growing
stock affects the profit and loss statement and, consequently, the profitability of forestry.

1.2 The international accounting standard (IAS) and forestry accounting
According to the Statement of Accounting Theory... (1977) research in accountancy can
be divided into three approaches: (i) The classic theory attempts to create implicit accounting
frameworks or to rationalise existing practices. (ii) Decision-making and its benefits emphasise
investigating decision-making models and decision-makers. (iii) The information economics
considers what information is needed in economic decision-making (Ikdheimo 1989). According
to the inductive approach of the classic theory, profit is based on realised and objective
values. The Finnish expenditure-revenue theory introduced by Saario (1968) is an inductive
approach of the classic theory. The normative-deductive approach of the classic theory
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sees profit as the change in value of the enterprise (Lukka 1989). Finnish bookkeeping practice
and legislation has applied the expenditure-revenue theory, but EU membership has caused a
considerable change in accounting. After the 1992 and 1997 reforms of the Finnish accounting
legislation, the 4™ and 7" Company Law Directives of the European Union were adopted in
the accounting statutes (for a comparison between Finnish and EU norms, see Terénne 1993).

Forestry accounting has been studied and changes in the valuation of forest analysed by
Davy (1987) and Openshaw (1980), among others. Davy emphasises that profits should not
be recognised as revenue until they are realised, which is actually against the IAS requirements.
Forestry accounting has a long tradition in Central Europe, where data collection has also
been developed for small-scale forestry (Sekot and Hellmeyr 2000, Vereinheitlichung ... 1980).
Eriksson (1996) compared accounting in Germany, France, Switzerland and EU, and
recommended harmonisation within the EU. Accounting for non-industrial private forestry
has been developed from the German tradition and coping with continuous changes by Hyder
etal. (1994, 1996). Accounting for the practical extension has been studied for jointly owned
forests (Penttinen 1992), for ratio analysis (Penttinen and Hakkarainen 1998) and for cost
accounting (Penttinen et al. 2001).

The international bookkeeping standard called International Accounting Standard (IAS)
41, for the evaluation of biological property, came into force on January 1,2003 (IAS 2002).
This standard requires that publicly quoted enterprises evaluate their biological property
based on the ‘fair value” according to market prices, from which the cost of the sales momentum
will be deducted (Argilés & Slof 2001). Evaluation of the property is by the “fair value’ if the
value cannot be measured reliably. In forestry, a stand ready for final felling can use the
felling value minus sales costs. The market prices of plantings, young or middle-aged stands
do not conform to the present state of the biological property. The present value of the expected
net cash flow from the asset can be used as their fair value (IFRIC 2003). The used interest
rate is either (i) a ‘risk-free rate” or (ii) a rate that incorporates a risk premium for the systematic
risk inherent in the exptected cash flows (FASB 2003). Here the market interest rate before
the impact of taxation is used as the discounting interest rate.

The IAS brings many improvements, such as more transparency and, especially,
comparability (Liebfried 2002). The impact of market fluctuations on profit still remains a
problem, however. Market value driven pricing of forests and more generally the fixed assets
may cause considerable fluctuation in profit, volatility which is not based on real business
transactions as recognised by the accounting principles. Moreover, it forces market values
based on evaluation of property, which may mean “lazy” capital in the balance sheet. One
example of the effect of these pressures is Stora Enso, which sold its forests to its own daughter
company Tornator. Moreover, the M-real group has announced that they will sell their forest,
in all some 100,000 hectares.

1.3 The objective of the study

The aim of this study is to define the IAS “fair value’ of forest property and the yearly
changes in its value for accounting purposes. There are various ex-ante and ex-post methods
for the valuation. Ex-ante methods are based in general on a forest management plan and
forest inventory data that are used for calculating the expected values of the forest property.
Ex-post methods are based on the mean values of realised transactions of forest estate purchases.
The values are calculated using econometric methods such as the ordinary least square method
(e.g., Airaksinen 1988, Hannelius 1988).
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Since the ex-post valuation methods are too general for the IAS “fair value’ estimation,
the valuation of the forest property is investigated using existing forest management plans
(FMPs) in this paper. The value of the growing stock and the annual timber balance are
estimated using the FMP’s field measurements. The site information for each stand is also
available for the evaluation of the forest-land. The evaluation of the growing stock for each
fiscal year requires the updating of the FMP’s stand data according to the situation at the end
of the fiscal year. All the factors affecting the amount of the growing stock, such as net
increment and fellings, have to be updated until the end of the fiscal year. The evaluation of
forest land-can be based explicitly on the Faustmann formula or implicitly using the forest
land values based on the auxiliary tables of the sum-value method (Vehkaméki 1998).

2. Material and methods

2.1 Evaluation methods

The approach of this study is that of the ‘stand method’ described by Bestandsmetoden
for... (1988a, 1988b, 1988c), applied to determining the change in value the forest capital
during the financial year by Higg (1993) and developed by Bogghed & Jehander (1994). The
IAS requires a market-based evaluation. In forest economics, stands have been grouped into
three categories, in which the sapling stands such as plantations, seedling stands and natural
regeneration have been evaluated using the cost value. In this study the cost value approach is
replaced by the expected revenues approach.

The calculations were made using a Finnish forest management planning software
package, MELA (Siitonen et al. 1996, Redsven et al. 2002). The MELA system consists of a
stand simulator and a linear programming package. The stand simulator is based on individual
tree models (see Hynynen et al. 2002, Nuutinen et al. 2000, Redsven et al. 2002). The simulator
part automatically creates a finite number of feasible alternative management schedules for
each stand. The linear programming package in MELA is the JLP (Lappi 1992).

The growing stock can be perceived both as means of production and product in the
accounting framework (e.g. Keltikangas1969). The disaggregation of the value of the growing
stock in the assets of the balance sheet requires a special calculation, which distinguishes the
proportion of the immediately merchantable growing stock from the remaining growing stock.
This split can be performed by the allowable cut calculation of MELA that maximises the
immediate cutting opportunity (so-called cutting potential). The remaining share of the growing
stock consists of the plantings, young and middle-aged stands, which contain no merchantable
wood. In the balance sheet, the growing stock, which can immediately be cut according to the
forestry law, the so-called allowable cut belongs to the current assets. The remaining portion
of the value of the growing stock belongs to the fixed assets, i.e., tangible assets as an item
called ‘growing stock of forest’.

The allowable cut calculation yields the volume of the merchantable growing stock as
well as the allowable output by roundwood assortment divided into logs and pulpwood. The
allowable cut calculation is based on a ten-year calculation period, and the simulated felling is
placed in the middle of the period. When the NPV ’s of the first planning period are maximised,
the net incomes of the future periods are also taken into consideration. The allowable cut can
also be calculated by maximising the net income of the first period and ignoring the impact of
the net income of the future periods.
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The annual entrepreneurs profit of a forest enterprise consists of three different parts. (i)
The realised net income - the difference between felling incomes and expenditures - required
to produce them, (ii) timber balance change, i.e., the change in the growing stock volume, and
(iii) the change in the growing stock value caused by changes in stumpage prices. One can
therefore talk about a dualistic value change that consists of a dynamic portion, i.e., the
property value change based on the volumes, and an economic cycle portion, i.e., the property
value change based on stumpage prices (Niskanen ym. 2002). The bare values have been
estimated stand-wise using the Faustmann formulae and a long term forecasting horizon.

The annual change in the value of the growing stock will be included even in the profit
and loss statement. The annual turnover of forestry can fluctuate dramatically between fiscal
years because of the timber sales. However, the change in the value of the growing stock due
to the stumpage price fluctuations may be the dominant part of the total income if timber sales
income has been small or no wood has been sold during the year in question. This price
volatility can cause significant changes in the value of the growing stock between fiscal years.
All these annual changes affect the profitability of forestry from entrepreneurs profit to different
ROI figures.

2.2 Material and calculations

Information supplied by bookkeeping farms consists of cash-based revenues and
expenditures obtained from taxation bookkeeping as well as data of crops and animals,
production amounts, changes in property and working hours. In order to be able to calculate
accrual-based total operating income and costs, both cash revenues and cash expenditures
have to be corrected in FADN-bookkeeping. In order to get turnover and expenditures belonging
to that particular accounting year, accounts receivables and advances received have to be
taken into account when correction of turnover is done. In correction of expenditure the trade
payables and advance payments have to be taken into account. In order to obtain accrual-
based items changes in product and purchase inventories must also be taken into account.
After these corrections, the accrual-based profit and loss statement and balance sheet can be
calculated.

Closing of books
Cash basis (taxation law) Accrual basis
Correction of Turnover
revenues: +
Cash Accounts receivables Changes in product\,  Total Operating
Revenues — . stocks Income
Other accrued incomes,
. Products for
Advances received own use
Correction of .
Cash expenditures Expenditures Costs
Expenditure — |Trade payables + . (corresponding use)
Changes in
Other accrued expenses N N
inventories
Advance payments

Figure 1. Transformation from cash based transactions to an accrual based one in_profitability
bookkeeping

In calculating changes of inventories of bookkeeping farms, the value of growing stock
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in the balance sheet and the changes in forest growing stock also have to be taken into account
in the profit and loss statement. The forest management plans (FMPs) of bookkeeping farms
for the years 2001 and 2002 formed the research data for studying those changes. In addition,
inquiries concerning fellings and other silvicultural activities after the FMPs were sent to
farms. The volumes of harvested wood were also sought by timber assortment and tree species
for each stand. Moreover, the basal area of the remaining growing stock after the felling was
sought, if possible.

The sales income figures of the bookkeeping material are based on realised accounting
transactions. The stumpage prices used in the evaluation of the growing stock are average
prices for 2001 and 2002 obtained from local forest centres.

The oldest FMPs of the five farms were from the year 2000 and so the values of growing
stock do not include growth and fellings, which have taken place during recent years. Thus the
growing stock information on the FMPs were updated until the end of 2001 and 2002 using
the MELA system. Two different methods were used to simulate the felling information. Fellings
were simulated both (i) based on the new updated field measurements and (ii) by using the
activity control of MELA, which is based on simulation of silvicultural activities. The value
of the growing stock was calculated manually in some cases. Then in both methods the sum
value method was used and the forest stand information updated. The total value of the growing
stock was then reduced by 30% according to the principle of the sum value method (see.
Hannelius 1988, Vehkamiki 1998).

3. Results

3.1 The forest value and the allowable cut

The growing stock of farms were disaggregated in the balance sheet into current assets
and fixed assets using the allowable cut calculation of the MELA system. The immediately
merchantable growing stock belongs to inventories of the current assets. The value of the
remaining growing stock is obtained by subtracting the allowable cut from the NPV of the net
incomes of the whole growing stock.

The allowable cut was defined here using two alternative methods: (i) The calculation
was based on the maximisation of the net present value (NPV) using a notional interest rate,
say, 5%. This NPV calculation also takes into consideration the net income of the following
periods. (ii) The calculation was based on the maximisation of net income of the first ten-year
period without any consideration of the income from the following periods.

The MELA calculations have been classified as follows:

0) no cuttings = the calculation of the value of the growing stock was performed and
based only on the forestry data of the FMP

1) MELA RSU = the calculation was based on the original FMP updated by the field
measurements concerning harvested amounts and estimated basal areas of harvested stands

2) MELA SMU=the MELA has an implied activity control that automatically simulates
the given harvesting and other silvicultural activities for the years determined, and these
simulated activities, removals and stand figures (e.g., basal area), are used as such in the
calculations

3) Sum-value = The value of the growing stock has been defined using the sum-value
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method, in which no cuttings have been taken into consideration

The calculation methods have been grouped according to different allowable cut
calculations so that method ‘A’ maximises the PV of the net incomes and ‘B’ maximises the
net income of the first 10 year planning period only.

The value of the growing stock in 2001

400 000
350 000
300 000 ~
250000 +
€ 200 000 ~
150 000 -
100 000 -
50 000 +

0

mAllowable cut
mGrowing stock

MELA MELA MELA MELA  MELAno MELAno  Sum- Sum-
RSUA RSUB SMUA SMUB cuttings A cuttings B value A  value B

Figure 2. The value of the growing stock in 2001 divided into the allowable cut for the first 10
year period and the remaining growing stock by different methods in 2001

In 2002, the total value of the growing stock increased; on average, by 30,600 €, using
method A and 29,700 € using method B. Both alternatives A and B are liquidation options.
However, alternative A also takes into account the incomes of the future periods.

The RSU methods are the best in the sense that they have the actual basal area
measurements available. However, the difference and the error when using SMU methods are
reasonable, and the MELA SMU method would be the best choice or the only choice because
of the measurement requirements of the MELA RSU.

The value of the growing stock in 2002

450 000
400 000
350 000 1
300 000 +

250 000 - B Allowable cut
200 000 - @ Growing stock
150 000 -
100 000 +
50 000 -
0

MELA MELA MELA MELA  MELAno MELAno  Sum Sum-
RSUA RSUB SMUA SMUB  cuttings cuttings B value A value B
A

Figure 3. The value of the growing stock in 2002 divided into the allowable cut for the first
10 year period and the remaining growing stock in 2002

With both methods A and B, the allowable cut increased compared to the previous year
on average by 10.5%.

3.2 The change in the growing stock value

The change in the growing stock value in 2001-2002 can be divided into the change in
stumpage prices and the change in growing stock volumes. The change in volume means the
difference between the net increment and fellings. The impact of the changes in stumpage
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prices has been defined by calculating the value of the growing stock at the end of 2002 using
the stumpage prices of 2001 and 2002. The remaining portion of the value change has been
caused by the change in net increment and fellings.

Change in the value of the growing stock

40 000
35 000

B Change in the

800001 volume of the

25 000 A growing stock

O Change in

€20 000 stumpage
15000 - prices

10000 +
5000 |

0

MELA MELA MELA MELA MELAno MELAno Sum-value Sum-value
RSU A RSUB SMU A SMUB cuttings A cuttings B B B

Figure 4. The change in growing stock value divided into stumpage price change and volume
change impacts

The incomes of timber sales amounted to 17,500€ in 2002. The MELA RSU A and B
methods, and MELA SMU A and B recognised the fellings and reduced the value of the
growing stock. When Comparing these methods with methods MELA no cuttings A and B, it
appears that the impact of the fellings on the change in the growing stock value is smaller than
the sales income.

In this research five farms were used to test the accounting system. The average profit
and loss statement and balance sheet of those farms are presented for the simulated felling
option, which maximises the PV of the net incomes (SMU A) in frames of the Accounting
Ordinance (2002) and the Committee for Corporate Analysis (2000) (see Appendices I and
IT). The allowable cut calculation is based here on a ten-year calculation period, and the
simulated felling is placed in the middle of the period. These results and financial ratios were
calculated from five cases (cf. Profitability bookkeeping 2004).

The net result, 39,000 € divided by the equity yielded the return on equity, of about 10
per cent. The profitability of forestry of these test farms was better than the average profitability
of other businesses (agriculture, horticulture) in all of the bookkeeping farms. These financial
statements and results of the forestry should not be generalised, because of the limited number
of observations.

4. Summary

The amendment of the accounting of biological assets, IAS 41, inspired the development
of the agricultural accounting network in order to implement an accrual-based accounting
system to include forestry assets. The IAS 41 is based on the ‘fair value’ concept. The most
recent interpretation of fair value focuses on the present value (PV) of the expected net cash
flow from the asset. This PV requirement means that the forest stand data of the forest
management plans (FMPs) and some FMP software are needed to evaluate these present
values of future activities.
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An inquiry among the circa 1000 bookkeeping farms revealed some 150 farmers who
were interested in providing their FMPs for research purposes. Five forest holdings have been
used in the analysis in this study. The rigorous input data requirements of the FMP software
was very demanding, the estimation of the basal areas of stands after fellings constituting a
particular challenge.

The change of the growing stock value and the felling income contribute the majority of
the total operating income of the profit and loss statement. The value of the growing stock at
the end of 2002 was nearly the same after the fellings performed by the ‘measurement’ based
(RSU-) and by the pure ‘simulation’ based (SMU) methods. Recall that the basal areas after
fellings were based on the actual measurements in the RSU-method and on software calculated
fellings in the SMU-method. The measurement-based RSU method resulted in smaller and
probably more realistic changes in the value of the growing stocks. The SMU method simulated
the final fellings better than thinnings. The changes in stumpage prices were significantly
smaller using the sum-value method than the forest management planning (FMP) software
(MELA). The expectation values of the sum-value method are based on coefficients for each
stand and a 30% reduction in the total calculated value that reduces the impact of the changes
in stumpage price.

The evaluations were performed using a 4% interest rate. The critical point of the
evaluation, the ‘expected net cash flows’ of seedling-, young- or middle-aged stands was
performed using different methods, which also imposed allowable cut and forest value estimates.
The maximisation of the net income of the first period, alternative B, represents a radical
solution compared with the maximisation of the present values, alternative A, in the allowable
cutting calculations. The A solutions, especially with the RSU and SMU methods were not
close to each other, the first of these being considered the best estimate. Empirical measurements
(of. the basal areas (RSU method) after felling by stand suggested that the measurements
cannot be required in a larger production system. The present small number of test farms does
not allow statistical tests. Further research requires more test farms and longer observation
periods, so that even ex-post methods such as the capital asset pricing model (CAPM) (Capozza
& Sick 1994 and Chavas & Thomas 1999) or option theory (Hughes 2000 and Duku-Kaakyire
& Nanang 2004) can be applied.
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ADJUSTED PROFIT AND LOSS STATEMENT OF
FORESTRY

Sales

Subsidies

Net turnover

Change in stocks of finished goods (+/-)
Change in growing stocks

Production for own use

Other operating income

Total operating income

Raw materials and consumables purchases
Change in inventories (+/-)

External services

Wages and salaries

Other operating expenses

Forest owners' own labour input

Rents

Other expenses

Depreciation, amoratisation and reduction in value
Buildings

Machinery and equipment

Other depreciations

Operating profit (loss)

Financial income and expenses

Interest and other financial income

Interest and other financial expenses

Profit (loss) before extraordinary items (=Net result)

Alternative interest cost of equity (5 % from below)
(Equity of the forest owner)
Entrepreneurs profit (economic value added)

Return on equity (ROE) (taxes not deducted)

Return on total assets (ROA)
Equity ratio, %
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2002

17 547
201
17 748
-42
25726
362

43 794
-100
-1 042

-28
-1 620

-1 072

0

-482
-261
39 190

326
-167
39 349

-19 192
383 846
20 156

10,25
9,88
96,23

APPENDIX I

€/ha

122

124

179

305

273

-1
274

-134
2677
141



APPENDIX II

ADJUSTED BALANCE SHEET OF 2001 2002
FORESTRY

€ €/ha € €/ha
FIXED AND OTHER NON-CURRENT
ASSETS
Intangible assets
Intangible rights 0 0 0 0
Other capitalised expenses 0 0 0 0
Tangible assets
Land and waters 27 676 193 27 676 193
Buildings 0 0 0 0
Machinery and equipment 2774 19 2202 15
Non-merchantable growing stock of forest 174 145 1215 189 694 1323
Other tangible assets 2 084 15 2 347 16
Advanced payments and construction in 0 0 0 0
progress
Investments
Bonds and shares 5843 41 5835 41
Loan receivables 0 0 0 0
Other shares and similar rights of 0 0 0 0
ownership
CURRENT ASSETS
Stocks
Raw materials and consumables 0 0 0 0
Work in progress (allowable cut) 173 984 1213 184 162 1284
Finished goods 587 4 5447 38
Advance payments 0 0 0 0
Debtors
Trade debtors 40 0 0 0
Loans receivable 0 0 31 0
Investments
Own shares or similar rights of ownership 0 0 0 0
Other shares and similar rights of 0 0 0 0
ownership
Cash in hand and at banks
Cash in hand and at banks 0 0 0 0
[TOTAL ASSETS 387 134 2 700 412 491 2 877|
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EQUITY AND LIABILITIES
Capital and reserves

APPENDIX III

Subscribed capital 0 0 0 0
Other 372 236 2 596 395 457 2758
Provisions

Voluntary provisions 1464 10 1464 10
Creditors

Long term liabilities

Bonds 285 2 251 2
Convertible bonds 0 0 0 0
Loans from financial institutions 9 906 69 8 814 61
Loans from pension institutions 0 0 0 0
Other loans and liabilities 379 3 294 2
Short term liabilities

Loans from financial institutions 0 0 0 0
Advances received 706 5 2 960 21
Trade payables 0 0 0 0
Bills of exchange payable 0 0 0 0
Other loans and liabilities 24 0 0 0
Deferred income and accrued expenses 2134 15 3 251 23
[TOTAL EQUITY AND LIABILITIES 387 134 2 700 412 491 2 877|
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Abstract

We use a joint production model of timber production and carbon sequestration to analyse
the financially optimum silvicultural strategies and the costs of carbon sequestration for Scots
pine at the stand level in Finland based on individual-tree growth models. This study expands
the earlier analyses by taking into account thinnings as measures to increase carbon stocks in
forests, in addition to lengthening the rotation age. The results indicated that, in joint production,
both the growing stock level and rotation length are increased. Postponing thinnings and
reducing their intensity was more cost-effective in sequestering carbon than increasing the
rotation length. The costs for moderate increases of carbon sequestration were rather low,
with present values of 1 —6 € /ton CO,, and they depended on the amount of carbon sequestered,
initial stand age, site, and growing stock characteristics. For mature stands, the present value
of costs to sequester a given amount of carbon was considerably higher, exceeding 20 € /ton
CO,. This was due to the higher annual rate of carbon sequestration and the fact that all the
additional sequestration had to be obtained by increasing the rotation length.

Keywords: carbon sink, climate change, forest management, mitigation, optimal
silviculture

1. Introduction

Forests can be used to mitigate the climate change by increasing the amount of carbon in
forests. Carbon sequestration may become one of the major services that forests provide. If
carbon sequestration is an additional product of the forest, then the forest manager faces the
task of optimizing the joint production of timber and carbon sequestration, and possibly other
non-timber benefits.

In environmental policy, carbon services can be organized in different ways. Project
based approaches that identify carbon flows in a restricted area for a given time period are
seen as viable instruments. Because the Kyoto Protocol addresses nation-wide emissions,
governments may employ tax and subsidy based instruments to reduce the total costs of meeting
emission targets. One possibility is that participating forest owners are paid for the carbon
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they sequester into their forests, to help a nation to meet its emission targets. Thus it might be
profitable for forest owners to give up some timber returns in exchange for CO, returns.
Another alternative is to use regulative approaches, e.g. to modify the silviculture
recommendations in order to increase carbon sequestration.

The amount of carbon sequestration depends on the level of growing stock, which in
turn is mainly influenced by intermediate as well as final cuttings and the initial regeneration
investment. The rotation length approach has been commonly used to assess interactions between
forestry and carbon sequestration. A usual approach to the question has been to solve the
problem of production of timber and carbon sequestration analytically and then provide
numerical examples based on a univariate or stand-level growth model for timber and tree
carbon (see e.g. van Kooten et al 1995, Hoen and Solberg 1997, Gong and Kristrom 1999,
Stainback and Alavalapati 2002). A general impact reported in several studies and summarized
in Watson et al. (2000) is the lengthening of the rotation. An early study that covers a wide
range of management practices is by Hoen and Solberg (1994). However, their forest-level
analysis is not targeted towards detailed study of trade-offs between stand management options
such as thinning rate vs. final harvest age.

More detailed models of stand development have been used in a simulation setting to
analyse rotation length effects on carbon flows and timber returns (Pussinen et al 2002, Liski
etal. 2001, Masera etal. 2003). An economic analysis with optimization has not been available
for these kinds of models.

In this study we expand the earlier economic analysis by including thinnings and thereby
controlling the growing stock to increase the amount of carbon sequestered. We determine the
optimal combination of thinnings and final harvest age for increasing carbon sequestration to
various levels. Also, we highlight that the costs of carbon sequestration depend on initial stand
age, site and growing stock characteristics, and the amount of carbon sequestered.

2. Joint production model

The forest owner faces two objectives, namely production of timber and carbon
sequestration. To simultaneously investigate carbon sequestration and timber management
questions we need an optimization model that contains intermediate cuttings and rotation as
decision variables, and accounts for carbon flows. The objective function (1) for the forest
owner maximizes the discounted net returns over an infinite time horizon and includes (at time
1) stumpage returns from harvests, 4, logging costs, / and regeneration costs, w, all discounted
at rate r for a rotation of T years, subtracted by the penalty function P (2) where V is stand
volume at time 7, V_ is the required average volume, and a and b are parameters of the penalty
function

T 1
= h—1)1+r)" - }——P
max [EO( p —l)A+r) " —w et (D
a(V - §ﬁ]biﬂ/ >3
P= SaT ST 2

0 otherwise
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The decision variables in our optimization are the timings and intensities of precommercial
and commercial thinnings, and rotation length. Because the optimization model uses several
dozens of state variables, we do not write out the state equations but refer to the description
of the stand projection system later in this chapter.

To compute the economic effects of increased stocking levels and thus carbon
sequestration, we added a penalty function which required that the stand management regime
results in a given level of average growing stock over rotation. This permits the analysis of
how to optimally achieve increased carbon stocks in the forest by adjusting thinnings and the
final harvest.

An augmented version of the SMA software (Valsta and Linkosalo 1995) is used to
perform these analyses. Nonlinear, nondifferential optimization (Hooke and Jeeves 1961) is
utilized to find the optimum solutions. The algorithm is augmented by random search phases
as described in Valsta (1992).

The stand projection system in SMA is based on individual-tree, distance-independent
growth and mortality models (Hynynen 1993, 1995a, 1995b, 1995c¢), also used in the Finnish
MELA system (Siitonen et al. 1996) for national timber resource projections. Timber returns
are computed based on road-side values and logging costs as in Valsta and Linkosalo (1995).
Amounts of wood assortments are predicted with models that use tree characteristics (species,
diameter, height) (Laasasenaho and Snellman 1983).

The parameter values to be identified include biological and economic parameters. The
road side prices of pine sawlogs and pulpwood were 51 and 25 €/m?, respectively. The minimum
size of a tree for sawlogs was 17 cm dbh and 12 m height. The sawlog price premium based on
tree breast-height diameter was chosen to be representative to present Finnish conditions.
Regeneration costs were based on planting small seedlings with a base case cost of 600-1150
€/ha, depending on site conditions. Each stand projection is based on an initial tree size
distribution, obtained from a measured plot.

3. Data

odel computations starting from bare land have been performed for 13 Scots pine stands
from Southern and Central Finland. The characteristics of these stands are represented in
Table 1. Computations starting from various ages have been performed for four Scots pine
stands of 24-36 (initial age of the plot), 50 and 70 years. The initial states of the stands for
later ages were obtained by simulating the development of stand according to silvicultural
recommendations of Forestry Development Centre Tapio.

Table 1. Main characteristics of the stands.

Stand Higo Age N BA

501 19 40 2730 19.75
533 20 41 1970 24.09
53 21 40 1525 2276
801 22 24 2000 10.00
115 22 27 1600 26.18
24 23 33 1400 17.48
27 24 29 1450 17.66
34 24 25 2375 24.11
4 24 36 1750 24.12
38 25 33 2150 26.56
219 28 27 2096 23.62
60 28 28 1875 26.63
20 29 29 2325 2691
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4. Results

The cost estimates are based on model optimizations in which the amount of carbon
sequestered has been increased exogenously by increasing the required average stem volume
during the rotation period by 20 m*/ha (corresponding the amount of 23 ton of CO,/ha in
whole tree biomass) or 40 m*/ha (45 ton of CO,/ha). Costs follow from the loss in present
value of net revenue due to the additional constraint. We used a 3 % real discount rate.

4.1 Optimal silviculture

The increased carbon sequestration can be obtained in the model by postponing the final
cut and thinnings and by changing the intensity of thinnings. Delaying the harvests reduces the
present value of timber income due to the discounting. Postponing the income from thinnings
affects the net present value of income more than postponing the final harvest. On the other
hand, postponing the thinnings is likely to increase the average volume more effectively.

As an example, the optimum cutting schedule for plot 4 is given for the unconstrained
case and the one with an increase of 40 m*/ha (45 t CO,/ha) in the average volume (Fig. 1).
The rotation length was increased by 12 years. Also, all the thinnings were postponed by
approximately 10 years, thus the intervals for thinnings remain the same. The intensity of
thinnings was only slightly reduced, except in the case of the last thinning. Two third of the
increase in the average volume was obtained with thinnings and only one third by changing
the rotation length.
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Figure 1. The impact of increasing the average stem volume by 40 m’/ha (45 t CO,/ha) on
optimal silviculture.

4.2 Costs of carbon sequestration for stands starting from bare land

We show the average and marginal costs of carbon sequestration for plot 34 in Figure 2.
As expected, the marginal costs increased when more carbon was sequestered as the least
costly options to increase carbon sequestration are utilised first. Eventually, ecological factors
set the limits to possibilities for increasing the average stem volume and thus the carbon
sequestered.
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Figure 2. Present value average and marginal costs of carbon sequestration for plot 34.

Rotation age was increased from 70 years to 101 years for plot 34 when carbon
sequestration was increased up to 90 ton CO_/ha (Fig. 3). With small amounts of carbon
sequestered, the larger share of carbon sequestered was obtained by postponing thinnings and
reducing their intensity. However, with thinnings it is possible to increase the carbon
sequestration only to some extent, and the more carbon is sequestered per hectare, the higher
share of sequestration has to be obtained by lengthening the rotation period.
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Figure 3. Impact of increasing carbon sequestration on rotation age for plot 34.

The tradeoff between the two objectives, namely timber production and carbon
sequestration, can be described through production possibilities frontier analysis. The production
possibility frontier of net present value of timber production and carbon sequestration for plot
34 isrepresented in Figure 4. Increasing carbon sequestration through the additional constraint
reduces NPV. The shape of the production possibility frontier implies that it is optimal to use
forests both for timber production and for carbon sequestration instead of using some stands
for timber production and others for carbon sequestration. Convex combinations of points of
the frontier are inferior.
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Figure 4. Production possibilities frontier of net present value of timber production and carbon
sequestration for plot 34.

Costs differences between stands are illustrated in Figure 5 with results from a set of 13
individual plots and the average of these plots. The cost curves are obtained by increasing the
average stem volume by 20 m*/ha (23 ton of CO,/ha) and 40 m*/ha (45 ton of CO_/ha).

€/ton CO2

0 10 20 30 40 50
—e— average Increase in CO2 ton/ha

Figure 5. Present value average costs for a set of 13 individual plots and the average of these
plots, €/ton of CO,,.

The costs differed notably between stands. For increase of 23 ton of CO,/ha, the present
value average cost varied from 0.8 €/ton of CO, to 3.5 €/ton of CO, with average of 2.2 €/ton
of CO, and for increase of 45 ton of CO_/ha from 1.5 €/ton of CO to 3.9 €/ton of CO, with
average of 3.1 €/ton of CO, However, about a half of the cost estlmates were in a quite small
range. No single factor explammg the cost differences between stands could been found. In
order to analyse in which kind of forests it is less costly to increase sequestration more plots
with more diverse properties are needed. Also, in order to make the stands more comparable,
the initial age should be same.



4.3. Costs of carbon sequestration for stands of different ages

In addition of computations starting from bare land, we have performed computations
for stands of various ages (24-36, 50 and 70 years). We increased the average volume by the
same amount during the remaining rotation period for all of the plots of various ages. This
implies that time period available for carbon sequestration (Table 2, second column) and thus
the annual rate of increase in carbon sequestration (Table 2, third column) varies. The same
average volume is required to fulfill during both the current and future rotation periods.

Table 2. The present value costs, sequestration periods and annual rates of carbon sequestration
for stands of various ages, when increasing the average stem volume by 40 m*/ha. All the
figures represent average values of 4 stands.

Age class Discounted cost  Sequestration Increase of Rotation

€/ton CO, /ha period, years CO,, ton y"1 years
ha

Bare land 3.1 92 0.5 92

Stands of 24-36 5.1 57 0.8 87

years

Stands of 50 years 5.6 35 1.3 85

Mature stands 17.7 20 2.3 90

(70 years)

For stands starting from bare land the time period available for increased sequestration
of 45 ton of CO,/ha was on average 92 years while for 70 year old stands the time period was
only 20 years. Correspondingly, the average annual increase varied from 0.5 ton of CO, per
ha per year for bare land stands to 2.3 ton of CO, ha"'>" for stands of 70 years. The impact of
annual rate of carbon sequestration on unit cost is illustrated in Figure 6 and can be seen also
in Figure 7.
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Figure 6. Present value costs of carbon sequestration in relation to increased sequestration
per year.

As expected, the costs are the highest for 70 year old stands as the amount of carbon that
have to be sequestered per year is largest. In addition of higher annual sequestration, higher
costs are explained by the fact that regulating thinnings is no more an economically viable
way to affect carbon sequestration. Thus sequestration can be increased only by lengthening
the rotation that is more expensive measure than postponing thinnings. For younger stands,
carbon sequestration takes mainly place between the years 40-70 by delaying and reducing
thinnings. Also, for older stands the NPV’s are higher as the discounting period is shorter.
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Thus, the loss calculated in absolute terms is higher.
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Figure 7. Average present value costs of carbon sequestration for different initial stand ages.

Even though carbon sequestration starts before 50 years of age, the costs are
approximately the same for young stands and for 50 year old stands. As mentioned, the state
of the stands at later ages were obtained by simulating them according to silvicultural
recommendations of Tapio, to illustrate the state of the Finnish scot pine stands in a reality.
This implied that the 50 year old stands were thinned right before starting to increase the
carbon sequestration. The stands of 50 years and mature stands might provide higher costs for
carbon sequestration if earlier thinnings were simulated at lower intensity. Correspondingly,
the younger stands might provide different unit costs if an initial volume were lower. As
illustrated in Figure 8, if the initial basal area differs from the one resulting from silvicultural
recommendations (BA 19), higher unit costs of carbon sequestration are obtained. Higher
initial basal area may diminish the biological potential and thus marginal revenue.
Correspondingly, for the stands of lower basal area it may be difficult to increase the volume
and thus carbon sequestration in absolute terms, due to lower growth potential of the initial
stand. As the costs depend on whether thinnings have already been practiced or are still to be
done, age of the stand for starting the carbon sequestration policy is an essential factor.

4.5 /Q
§ 4
- 3.5-
8
W 3
2.5
2 T
" 15 19 23 27

Figure 8. Present value unit costs of carbon sequestration for a 50-year old stand of various
simulated initial basal area levels (15, 19 and 23), increase in average stem volume 20 m*/ha.
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5. Conclusions

This paper provides a preliminary analysis of costs of carbon sequestration for Scots
pine stands in Finland. In addition of lengthening the rotation age, modifying the timing and
intensity of thinnings were allowed as measures to increase carbon sequestration. Preliminary
results suggest that postponing thinnings and reducing their intensity would be even more
cost-effective measure to sequester carbon than increasing the rotation length. However, the
more carbon is sequestered per hectare, the higher share of sequestration has to be obtained by
lengthening the rotation period.

The results demonstrated that the cost of carbon sequestration is rather low with moderate
amount of carbon sequestered, with a present value of 1 — 6 € /ton CO, depending on amount
of carbon sequestered, initial stand age, site, and growing stock characteristics. As expected,
marginal costs were an increasing function of the amount of carbon sequestered.

In this study we illustrated how the costs depend on the annual rate of additional carbon
sequestration. For mature stands, the present value of costs to sequester a given amount of
carbon were considerably higher than for younger stands, exceeding 20 € /ton CO,. In addition
of higher annual rate of sequestration, the higher costs were explained by the fact that the only
measure available for increasing sequestration was lengthening the rotation period. Also, for
older stands the NPV’s are higher as the discounting period is shorter and thus the loss calculated
in absolute terms is higher. In further analysis we plan to fix the amount of carbon sequestered
in a given time period in order to better analyse the impact of stand age and initial state of
stand on costs.
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Abstract

A new stochastic efficiency analysis approach, called stochastic efficiency with respect
to a function (SERF), that partitions a set of risky alternatives in terms of certainty equivalents
(CEs) for a specified range of attitudes to risk, is applied to analyse average optimal rotation
strategies at different levels of forest owner’s risk aversion. Using Norwegian forest data with
stochastic timber price and volume growth, the empirical results show that the optimal rotation
length increases with increasing degree of risk aversion. It is also found that the effect of risk
aversion is lower with higher interest rates, while the size of the investment cost affects only
the level of the CE, with the forest owner’s risk aversion being relatively unimportant.

Keywords: Dynamic risk analysis, stochastic budgeting, stochastic dominance with respect
to a function.

1. Introduction

Risk management has received increased attention in the forest economics literature
(Brazee and Newman 1999). However, with some exceptions (e.g., Caulfield 1988, Gong and
Lofgren 2003), the relationship between risks involved and the forest owner’s degree of risk
aversion has not been subject to attention in the analyses. This is despite the fact that forest
owners have to make investment decisions in the face of increased price uncertainty as well as
uncertainty about future growth and quality of retained stands. Under assumed certainty,
guidelines are available for the optimal forest rotation length for different investment costs,
interest rates and growth conditions (Johansson and Lofgren 1985, for a rigorous treatment.
In addition there exist also in most countries handbooks for practical forest management).
But, as far as we know, no general guidelines about optimal rotation length exist when both
the entailed risk and the forest owner’s risk aversion are taken into account. Guidelines that
cover these cases would be useful to investors who are deciding whether investing is worthwhile,
as well as for policy makers.

Forest investment and management decisions have a long time horizon with significant
risk. The variations in consequences can be large relative to the decision maker’s (DM’s)
wealth and hence the cost of ignoring risk aversion might be too high to be ignored (Anderson
and Hardaker 2003).

The returns from investing in a forest naturally depend on how that forest is managed. In
particular, the choice of the rotation length must be resolved in advance since it determines the
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flows of costs and benefits over time. Most analyses of optimal rotation in a stochastic setting
are formulated as a multistage decision process, and solved using dynamic programming.

In this paper we use an alternative approach using conventional budgeting methods. In
particular, we apply a stochastic budgeting model within a stochastic dominance framework.
The forest owners’ temporary income for which risk aversion is likely to be slight is implicitly
ignored in our model, and the focus is on the risk in permanent income, i.e., the general level
of income over a long-time horizon. Using stochastic budgeting, we investigate the optimal
rotation length under various assumptions and so determine the profitability to the DM of
investing in a forest.

Caulfield (1988) and Gong (1998) used stochastic dominance analysis to explore the
economic rotation of a forest with given assumptions about risk aversion. Caulfield investigated
effects of stochastic volume growth, and especially changes in optimal rotation age followed
by risk of fire. By using second-degree stochastic dominance (SSD) he found that the risk-
efficient rotations might be shorter than would be the case in the absence of risk aversion.
Gong investigated the effects of price risk using SSD analysis to show that risk-averse forest
owners typically will harvest earlier than risk-neutral forest owners. Caulfield and Newman
(1999) stated that the impact on rotation ages of incorporating price risk is uncertain.

In this paper we analyse how risk aversion affects the choice of an optimal forest rotation

strategy and hence the initial investment decision using stochastic efficiency with respect to a
function (SERF) (Hardaker et al. in press). SERF is a relatively new variant of the widely
used stochastic dominance with respect to a function (SDRF) (Meyer 1977). SDRF has stronger
discriminatory power (with respect to partially ranked risky alternatives) than first- and second-
degree stochastic dominance. The greater discrimination is achieved through the introduction
of bounds on the absolute risk-aversion coefficient within a SSD analysis.
SERF, which partitions a set of risky alternatives in terms of certainty equivalents (CEs) for
a specified range of attitudes to risk, is more transparent, easier to implement, and has even
stronger discriminating power than conventional SDRF. The method is illustrated with a simple
example comparing the merits of different average rotation lengths for a hypothetical forest
investment in Norway. The empirical results show that, in cases with stochastic timber prices
and volume growth, optimal rotation length on average increases with increasing degree of
risk aversion.

2. Modelling framework and methods

Resolving the investment decision requires the optimal rotation strategy of the forest to
be decided, given stochastic timber price and volume growth and a risk-averse decision maker.
However the effects of risk aversion on the optimal rotation length are ambiguous and are
therefore an empirical question, as also deduced by Caulfield and Newman (1999).

In our computed model, we do not know the forest owner’s utility function and some
efficiency criteria that allow some ranking of risky alternatives when the exact degree of risk
aversion is not known must be used. A much used efficiency criterion given risk aversion is
SSD. SSD assumes that the DM prefers more income to less and is not risk preferring, i.e.,

that absolute risk aversion bounds are 0 < r,(w) < +o0 . In empirical work it is often found that

SSD are not discriminating enough to yield useful results.
An alternative to SSD is SDRF, which was introduced by Meyer (1977). In SDRF

absolute risk aversion bounds are reduced to r, (w)<r,(w)<r,(w), and ranking of risky
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scenarios is defined for all DMs whose absolute risk aversion coefficients lie anywhere between
lower and upper bounds 7, (w) and r,(w), respectively.

In this paper we apply a more straightforward and potentially more discriminating method
called stochastic efficiency with respect to a function (SERF) (Hardaker et al. in press).
SERF partitions alternatives in terms of CEs as a selected measure of risk aversion is varied
over a defined range. Conventional SDRF picks only the pairwise dominated alternatives,
thus one can expect that pairwise SDRF may not isolate the smallest possible efficient set. By
contrast, SERF will potentially identify a smaller efficient set than SDRF because it picks
only the utility efficient alternatives, comparing each with all the other alternatives
simultaneously.

The maximand used to determine the optimal rotation length is the equivalent annuity of
the whole forest. It is necessary to work in annuity terms because we are comparing investments
of different lengths. The equivalent annuity can be interpreted as the forest owner’s permanent
income, meaning the average income over several years. Risk aversion is likely to be important
in assessing stochastic permanent income levels. Given stochastic timber price and volume
growth and assuming risk aversion, we base the choice of the optimal rotation (and hence the
assessment of the profitability of the investment decision) on the expected utility of permanent
income.

Under an assumption of stationarity, the distribution of permanent income (i.e. distribution
of equivalent annuity) is measured by the distribution of the NPV of one stand of area A/T
where A is total forest area and T is rotation length. In other words, the distribution of the
NPV to an infinite horizon of one stand in our model is also the distribution of the equivalent
annuity to an infinite horizon for the whole forest area.

If we return to our decision problem of the forest owner, we ignore any probability of
natural disaster problems and exclude the possibility of partial harvesting before clearcutting
each stand. Costs of silviculture, thinnings etc. are taken into account in the cost for the
replanting year. Thus, the cash flow in the NPV formula for each stand consists only of the
year with planting and the year with clearcut.

Given stochastic timber prices and volume growth, the one stand expected NPV of an
infinite series of rotations of length 7is calculated as

E[NPY]= %(T)'}(T)'efﬂv o (1)

l_e—iT

where /, are investment costs in the start of each rotation, #(T) is the stochastic stationary

timber price less harvesting costs in year 7, f(T) is the stochastic stationary timber volume in

year 7, and i is the discount rate.

For each risky alternative and for a chosen form of the utility function, the subjective
expected utility hypothesis means that utility of permanent income (equivalent annuity) can be
calculated depending on the degree of risk aversion, 7, and the distribution of the NPV from
one stand as:
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Eu(NpY,r)|=U(NPY )=
[u(vpy.r)r(nPV)aNPY 2)

Then U is calculated for selected values of 7 in the range 7, to r,. The CEs for each of these
values of U are found by:

CE(NPV,r)=U"'(NPV,r) 3)

The general rule for SERF analysis for the given assumptions is that the efficient set
contains only those alternatives that have the highest (or equal highest) CE for some value of
7 in the relevant range.

The CDF distribution of one stand NPV in our model depends on many risky input
variables, so we constructed a Monte Carlo stochastic simulation model to represent the forest
owner’s risky decision environment. We implemented the stochastic Monte Carlo simulation
model within the SERF approach for our forest decision problem through the following steps:

Select a rotation length, 7;,
Run one iteration and record the cash flows;
Select a coefficient of absolute risk aversion, 7 , within the range r, to r.;

4. Convert cash flows to utilities, by using a negative exponential utility function,
and find utility of the one stand net present value, U(NPV)) (as a measure for utility of permanent
income and equivalent annuity);

5. Loop back to 3;

6. Loop back to 2;

LW N =

7. When enough iterations, expected utility of NPV is computed for each , and the
inverse function is used to get CEs for each 7;

8. Loop back to 1 and do it all again for a different rotation length;

9. For each value of 7, select as optimal the rotation length with the highest CE;

investment is worth-while only if the optimal CEs are positive.

3. Application

In this section, the approach outlined above is applied for a hypothetical forest property
in Norway. For simplicity, we assume that the forest will be the forest owner’s sole source of
wealth.

The size of the chosen forest property is 3000 ha which is planted with Norway spruce
with an even site quality index (H40) of G14. The uncertainty concerning future growth and
quality has several different sources. Forestry is exposed to physical, climatic, and biological
risks (e.g. insect attacks and rot). And from time to time extreme weather (for example gales)
can cause natural disasters such as windthrows. In addition, the forest owner regards the price
and market risk as important. We assume that the forest owner is risk-averse, but that we have
not quantified exactly how risk-averse he is.

The presence of risk and risk aversion aspects makes it difficult to decide the optimal
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rotational strategy, but some general guidelines are needed. In this illustration we construct an
optimal rotation model taking volume and price risk into account. The results from such a
model can give general guidelines about optimal rotation cycles for forest owners or prospective
forest investors.

3.1. Variable Specification

The net stumpage value is a function of price, timber quality and volume, and harvesting
costs. The timber quality and expected volume changes with the age of the stand. The volume
function is estimated from a database of forest production and development of stand plots
(site index G14) in Eastern Norway collected by the Norwegian Institute of Land Inventory
for the years 1994 to 2002. Since we observed heteroskedasticity in the data, we estimated a
cubic function with multiplicative heteroskedasticity (Harvey 1976):

F(t)=0.7053%1+0.0787 %12 —0.000528** +¢,  (5)
Var(e,) = 21.39 exp(0.0488 * —0.000172* )

where £(¢) is volume per ha at forest age .

The correlation of stand volume levels between years was calculated to be 0.95, implying
that the expected volume curve from any stage onwards is conditional to the volume in the
current year. This stochastic dependency is included in the analysis by defining the conditional
expected yield in any year, given the volume in the previous year (where we assume that
volume is normal distributed and the change in volume per ha between years is bivariate
normal).

During a rotation there are changes in the portion of various log grades that can be
produced from the harvested stems. Generally, increased age means a higher portion of high
valued product (sawlogs) and lower portion of low valued grades (pulpwood). Thus, the
expected timber price increases with age of stand. Moreover, timber quality becomes less
even with age so that the price variation becomes greater. In order to capture these effects we
estimated a price function where mean price and price variation depend on stand age. We first
applied the relative price function for Norway spruce, which has height, diameter and the
relative price difference between sawlogs and pulpwood ((sawlog price-pulpwood price)/
pulpwood price) as input parameters. Given volume and increment functions for Norway
spruce, and the actual relative timber prices in Eastern Norway for 2001, we got figures for
relative prices for various stand ages. Normalising to a stand age of 79 years (i.e. we assumed
that this age yielded the mean price), we got the following expressions for expected gross

value per m’, p(¢) and the variance at a given time, #:

p(0) = E[p(1)] =113.02 +2.709 + ¢, (6)
Var(e,) = (28.24 + 06769t |

We further assumed that the expected price is constant after a stand reaches 100 years of age,
because this logs at this age is supposed to give the maximum sawlog share.
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Investment costs were set to NOK (Norwegian kroner) 7000 ha'. This figure was chosen to
represent the investment of the average forest owner. The real interest rate was assumed to be
2 per cent per annum.

3.2. Results

Stochastic simulation means that we can evaluate a given rotation strategy with any
required degree of precision simply by setting the appropriate simulation sample size. We
used a sample size of 5000 to get good estimates of the distribution of the chosen objective
variable for any specified strategy.

We ran the simulation for rotation lengths from 60 to 110 years, with 10-years intervals
and for four different degrees of risk aversion. A rough and ready classification of degrees of

risk aversion, based on the relative risk aversion with respect of wealth, r, (w), is in the range

0.5 (hardly risk-averse at all) to about 4 (very risk-averse). In this paper we are not considering
utility and risk aversion in terms of wealth, but in terms of permanent income (where the
uncertainty relates to the long-run level of income). The relation between absolute risk aversion
with respect of permanent income and relative risk aversion with respect to wealth is

r,(x)=r,(w)/ x where x is permanent income [5]. We assume that the typical level of a forest

a

owner’s permanent income is NOK 150 000 per annum. Then a value of r,(x) in the range

0.00000667 to 0.00002667 corresponds to r, (w) in the range 0.5 to 4. This range was used as
the risk aversion bounds in this analysis.

The SERF approach using a negative exponential utility function resulted in the CE-
graph shown in Fig. 1.
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Figure 1. CE-graph of optimal forest strategies (60 — 110 years) for different degree of risk
aversion. CE is excepted equivalent annuity in NOK per year.

From the CE-graph we can observe:

- The forest owner’s degree of risk aversion has a strong influence on the optimal rotation
strategy. For a rotation strategy of, e.g., 80 years the CE annuity per year is reduced by 296%
from risk neutrality to the most risk-averse case;

- Arotation length 70 or 80 years gives the highest CE for a risk indifferent forest owner
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- A moderately risk-averse forest owner (i.e. where ,(x) = 0.000013 and r,(w) ~ 2 ) should
be almost indifferent between rotation lengths of 90, 100 and 110 years;

- A very risk-averse forest owner (r,(x) = 0.0000267), (r.(w) ~ 4) should prefer a rotation
length of 110 years;

- At absolute risk aversion levels less than about 0.000008, there exists at least one
rotation length that yields a positive CE, i.e. investment is worthwhile (subject to comparison
with other non-forest alternatives);

-For very risk averse forest owners (with coefficient of absolute risk aversion higher
than 0.000008) the investment is unprofitable, since all rotation strategies yields a negative
CE.

3.3. Sensitivity Analysis

The results might be sensitive to variable specification. We therefore conducted sensitivity
analyses by changing the interest rate from 2 to 3 per cent per annum; the investment cost
from NOK 7000 to NOK 3500 ha!; and a combination of these two. The results from this
analysis are shown in Fig. 2.
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Figure 2. Sensitivity analysis of choice of interest rate, investment cost and the combination
of both. For further details see the explanation in the text.

The frontiers (optimal choices) for each case are drawn in Fig. 2. The frontier curves are
represented by index values, where the CE for a risk-neutral forest owner in the “basic”
alternative is indexed to 100. In the basic alternative the interest rate is 2 per cent per annum
and the investment cost is NOK 7000 ha'. The numbers inside the figure show the optimal
rotation age for each case at the plotted degree of risk aversion.

Our empirical results show that a risk-neutral forest owner would be best advised to
choose a longer rotation length (70 to 80 years) when the interest rates increase and
approximately the same (though slightly shorter) rotation length when the investment cost
decreases, as is expected from theory (Johansson and Lofgren 1985). From these results we
thus also conclude that:
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-the degree of risk aversion becomes less important in the choice of the optimal rotation
strategy with the increase in the interest rate;

-the size of the investment cost affects only the level of the CE, and only slightly the
importance of the degree of risk aversion.

4. Conclusions

Earlier studies, which have focused on either price risk or volume growth risk, have
found that risk-averse forest owners typically will harvest earlier than risk-neutral forest owners.
Our empirical results, that include both price and volume growth risk, show that the optimal
length of the rotation strategy increases with increasing degree of risk aversion. Some reasons
for this somewhat result that is contrary to earlier findings can be suggested. First,
mathematically there is no a priori reason to expect that risk aversion lead to shorter rotations.
Second, our model is an infinite horizon stationary model, which implies that the same
uncertainty applies for a rotation length of, e.g., 80 years today as for a rotation length of 80
years that starts, e.g., 500 years in the future. The limitation of the stationarity property is that
the uncertainty is likely to increase over time (from rotation to rotation) for a real forest
owner, yet this aspect is not accounted for in the stationary model. This limitation may disfavour
shorter rotations.

We have assumed the same investment strategy for all degrees of risk aversion. The
results show that, for very risk-averse forest owners, the CEs are negative. The policy
implication of this is that such types of forest owners will choose to invest less in forestry, or
not to invest at all.

In the literature an often-used way to analyse optimal rotation decisions for a forest is to
use of stochastic dynamic programming. It may be argued that stochastic simulation is more
flexible and easier to implement and understand than stochastic dynamic programming. Our
SERF-approach does not account for non-stationarity (as is also normally the case for infinite
horizon dynamic programming). We have used our model to illustrate how general guidelines
can be determined for investment based on a rotational strategy that matches each case, including
the DM’s degree of aversion to permanent income risk. Of course, in practice each forest
owners does not have to decide at the start what rotation length to adopt. He can look at each
section and decide when to harvest. This aspect is probably better analysed using dynamic
programming.

We have assumed that it is sufficient to use a utility function defined in terms of the
average annual income (equivalent annuity). At best this is an approximation of an intertemporal
utility function. In the real risky world with a less than perfect capital market, the discounted
cash flow method has several limitations. For future research, alternative utility functions
should be considered, especially if the analysis accounts for the reality that income flows
through time may be irregular.
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Abstract

A matrix growth model suitable for analysis of uneven-aged forest management is
developed based on recursive equations represented on matrix form. The equations consist of
transition probabilities forming part of application of Markov chain theory, which describe
growth between diameter classes, ingrowth to the smallest diameter class, and mortality in the
larger classes. The model is exemplified with use of growth and yield data for beech (Fagus
silvatica L.). The growth model is based on a diameter class structure where the width is equal
to 5 cm. The time interval between interventions is equal to 5 years. Diameter growth according
to a treatment regime for even-aged stands is assumed. The system of recursive equations is
solved by use of linear programming allowing analysis of economic optimal treatment. Possible
stand structures are analysed using constraints in linear programming of the maximum harvest
by diameter classes. Formulation of harvesting constraints is based on analysis of the production
in a normal forest structure. The economic characteristics in the steady-state are analysed and
the model structure is suitable for economic analysis of conversion from even-aged to uneven-
aged forest management characterising near-natural forest management. It is concluded that
the model is suitable for analyses of stand structure, growth and yield, including economic
yield, and analyses of different harvesting regimes applied in uneven-aged forest management.

Keywords: Economic optimisation, linear programming, matrix modelling, near-natural forest
management planning

Introduction

Near-natural forest management gains increasing interest in practice at present due to
increased priority on environmental outputs from forestry that are in accordance with natural
ecological functions. This development creates a need for new forest planning models that are
able to handle uneven-aged forest structures with multiple species.

From an economic point of view near-natural forest management is motivated by reduction
of regeneration costs through natural regeneration and by target diameter harvesting increasing
the harvest revenue through an increase of the selling price of logs of larger dimension. However,
the harvesting and transport costs using a target diameter regime may be higher than those
experienced in even-aged forest management because the harvest volume per ha is lower and
thus distributed over a larger area requiring more man and machine time. Logging and transport
operations often need to be performed with caution not to damage the remaining stand, which
may also tend to increase the costs (Buongiorno and Gilless (2003).

Beech (Fagus silvatica L.) is the dominant broadleaved species in Danish forestry and is
viewed as the major species in future near-natural forest management because it is indigenous
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and adapted genetically to the climatic and soil conditions. Natural regeneration has been used
in even-aged natural silvicultural systems over many decades (Holten-Andersen 1987), and it
is therefore likely that it will be an important element in future uneven-aged forest management.

Modelling uneven-aged forest structures may be performed by use of size classes
represented by diameter classes even though other options exist such as for example age
classes. Diameter strata are viewed as appropriate modelling components through representation
in a matrix model as described below.

Uneven-aged forest management in a steady state is often represented by a stem number
distribution to diameter classes that has the classical inverse J shape with a high stem number
per ha in small diameter classes and a low stem number in the larger. Estimation of the
economic optimal conversion from an even-aged stand to an uneven-aged steady-state
distribution is dependent on the structure of the initial stand. The steady-state distribution
may be determined by fulfilling constraints on future harvests by diameter classes as illustrated
in the following section.

Materials and methods

Stand growth is represented by recursive equations as shown below:
yt+l=G(yt—ht)+C )

where

G is a matrix of constant parameters depicting the growth from one state to other state(s)
¥, is a column vector that designates the state of an uneven-aged stand at time t

h, is a column vector that designates the harvest of an uneven-aged stand at time t

¢ is vector of constant parameters

Each vector element of'y, is the average number of trees per ha in each of n diameter
classes, h is the number of harvested trees per ha in each of n diameter classes, ¢ represents
the constant part of ingrowth to the smallest diameter class. The time interval t to t+1 is u
years.

The recursive equation (1) allows prediction of the stand state at any point in the future,
starting from a particular initial state y and subject to a specific sequence of harvests h,
h,. .h:

1 T
y1= G(Yo-ho)+ C
y2=G(yi-h)+c
()
yr=G(yr-1-hr-1)+c

The combination of growth, ingrowth, harvest and mortality will cause a stand to converge
to a steady state as t increases. The steady state is independent of the initial conditions and
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depends only on the parameters of the recursive equations. The system has a unique solution,
which can be found by use of linear programming (LP).

The maximum periodic production may be computed by use of the following objective
function

ek Ze= i G)

where
v is a row vector of dimension n of the volumes per tree in each of the n size classes

The maximum value of the production may be computed by use of equation (3) by
substituting v with the value per tree and the net present value (NPV) or expectation value
(EV) may consequently be computed by proper discounting of “v (Buongiorno & Gilless
2003).

The classical inverse J shape of uneven-aged stands is determined by fulfilment of harvest
constraints where the harvest per diameter class is equal to the harvest that is obtained from a
forest structure, which is almost a normal forest with an area of equal size in each diameter
class. The forest structure is based on application of Markov chains as described below.

It is assumed that the diameter class growth is equal to that of an even-aged stand treated
according to the thinning regime of Moeller (1933). The diameter growth rate is identified as
approximately constant over time with an annual diameter growth of 0.54 cm per year. The
use of the recursive equations in formula 1 may be modelled as a Markov chain using the
following equation

p, = p._P.fort=l...T @

where

p, is the state vector defined by the diameter distribution in terms of the number of trees
per unit area in different size classes at time t

P is the transition probability matrix of trees between states of trees

T is the number of periods in a projection

P provides a means to predict the probability that a tree in a diameter class would be in
another diameter class after a certain amount of time. The probability distribution of the stand
state in period t, p,_is obtained by postmultiplying the probability distribution of the diameter
classes in the previous period, p,_,, by the transition probability matrix P.

As Tincreases to infinity, the vector p,. converges to a vector of steady-state probabilities,
p.. which is independent of the initial state p, (Buongiorno and Gilless 2003).

The steady-state in the form of the stem number per diameter class is found by use of LP

maximizing the expectation value of the stand using formula 3 and fulfilling the following set
of constraints:
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Yiji+1= Y= Yi
yu20 (5)

fori=1...nand forall t
where n is the number of diameter classes

The yield table for beech (Fagus silvatica L.), site index 1, attaining a stand height of
31.8 metres at age 100 years, of Moeller (1933) is applied according to the extension of the
yield table prepared by Dansk Skovforening et al. (2000). The diameter growth function by
age, which is a consequence of the applied thinning regime, can be described with an acceptable
precision by use of a linear function. This finding is applied when estimating the transition
probability matrix shown in Table 1, which is based on the assumption of a period length of
five years. Estimation of harvest volume is based on use of the volume equations developed by
Madsen (1987). It is assumed that regeneration occurs naturally at no costs.

Results

The steady-state area distribution following from application of the Markov chain model
based on the transition probability matrix shown in Table 1 with 14 diameter classes with a
width of 5 cm ranging from 7.5 to 72.5 cm consists of 7.4% of the area by diameter class
except the largest diameter class, which covers an area of 4.0%. The diameter class distribution
in terms of area is not completely even because it is assumed that all trees in the largest
diameter class are harvested every five-year period. The subsequent harvest volumes and
harvest stem numbers by diameter classes are shown in Table 2 applying a period length of
five years.

The mean annual harvest assuming a target diameter of 70 cm amounts to 14.2 m* ha™'.
The corresponding results for lower target diameters are: 65 cm: 14.4, 60 cm: 14.7, 55 cm:
15.1 m?* ha''.

End state j

Begin
sta%ei 751125 | 175|225 | 275|325 | 375|425 | 475 | 525 | 575 | 625 | 67.5| 725
7.5 0.46 | 0.54 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
12.5 0.00 | 0.46 | 0.54 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
17.5 0.00 | 0.00 | 0.46 | 0.54 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
225 0.00 | 0.00 | 0.00 | 0.46 | 0.54 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
275 0.00 | 0.00 | 0.00 | 0.00 | 0.46 | 0.54 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
325 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.46 | 0.54 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
375 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.46 | 0.54 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
425 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.46 | 0.54 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
475 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.46 | 0.54 | 0.00 | 0.00 | 0.00 | 0.00
525 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.46 | 0.54 | 0.00 | 0.00 | 0.00
57.5 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.46 | 0.54 | 0.00 | 0.00
62.5 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.46 | 0.54 | 0.00
67.5 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.46 | 0.54
725 1.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

Table 1. S5-year transition probability matrix assuming diameter classes from 7.5-72.5 cm.
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Figure 1 shows the stem number distribution to diameter classes in the steady-state and
figure 2 shows the corresponding basal area distribution. The stem number per ha varies
between 593 assuming a target diameter of 70 cm and 741 with a target diameter of 55 cm.
The basal area varies between 22.4 and 21.6 m? ha'! applying a target diameter of 70 and 55
cm, respectively. The minimum/maximum basal area per diameter class is 1.0/1.9 m* ha'! for
target diameter 70 cm and 1.3/2.4 using a target diameter of 55 cm. The average basal area
per diameter class varies between 1.6 and 2.0 applying target diameters of 70 and 55 cm,
respectively.

Table 2. Harvest volume and harvest stem number per ha per period of five years.

Diameter Harvest volume  Harvest stem
class (cm) per ha (m3 ha-1) number per ha
7,5 0,3 10,2
12,5 7.0 69,7
17,5 5,1 20,4
22.5 4,8 9,7
27.5 3,7 4.4
32,5 3.4 2,7
375 3.1 1,7
42,5 3.0 1,2
47,5 3.1 0,9
52,5 3.4 0,8
57.5 3.5 0,6
62,5 3.3 0,5
67,5 2,7 0,3
72,5 24,6 2,6
Total 71,0 125,6
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Figure 1. Stem number distribution by diameter classes in steady-state.

Ingrowth to the smallest diameter class (7.5 cm), which is required to sustain the steady
state, varies between 126 stems every 5 years applying a target diameter of 70 cm to 162
stems applying a target diameter of 55 cm.

The thinning intensity varies between 5 and 45% of the stem number/standing volume
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Figure 2. Basal area distribution by diameter classes in steady-state.

per diameter class every 5 years independent of target diameter. The relative thinning
intensity measured in terms of thinning stem number or thinning volume is highest for the
lower diameter classes, thus decreasing by dimension. The average thinning intensity per
diameter class increases from 15% to 18% when the target diameter decreases from 70 to 55
cm. It is found that the relative thinning volume per diameter class is independent of target
diameter. Thus, the difference between the thinning regimes applying different target diameters
is determined by the number of diameter classes, the stem number per diameter class, and the
target diameter harvest volume. The stem number per diameter class increases with decreasing
target diameter. As a consequence of these results the annual target diameter harvest volume
increases from 4.9 to 5.6 m® ha'! and the thinning volume increases from 9.3 to 9.5 m? ha'!
when the target diameter is reduced from 70 to 55 cm, reaching a total harvest volume between
14.2 and 15.1 m? ha! depending on target diameter.

The mean annual cash flow, expectation value, stock value, and land expectation value
per ha depending on target diameter and discount rate are shown in Table 3, where the land
expectation value is defined as the expectation value minus the stock value in steady-state.

Table 3 shows that the expectation value in steady-state is positively correlated with a
large target diameter. The expectation value assuming a target diameter of 55 cm amounts to
96% of the expectation value assuming a target diameter of 70 cm. It is seen that the relative
expectation values for different target diameters are independent of the discount rate.

The maximum deviation between the expectation value in steady-state assuming a target
diameter of 70 cm and that following from use of a target diameter of 55 cm does, however,
not exceed 5%. Thus, the expectation value of a stand in steady-state is not significantly
affected by the size of the target diameter. This observation is also reflected by the small
variation of the mean annual cash flow following from a change of the target diameter.
Estimation of the expectation value does, however, not include the value of the initial growing
stock that is required for implementation of the observed target diameter regime.

The land expectation value, defined as the expectation value minus the stock value, is
naturally more sensitive to variation of the discount rate than the expectation value itself.
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Mean
annual

cash Relative Relative land
Target flow € Expectation Stock value Land expectation expectation expectation
diameter ha-1 value € ha-1 € ha-1 value € ha-1 value (%) value (%)
r=0.5%
55 592 120279 11843 108436 96,3 100,0
60 606 123043 13336 109706 98,5 101,2
65 614 124555 14849 109706 99,7 101,2
70 615 124920 16340 108580 100,0 100,1
r=1%
55 592 61037 11843 49194 96,3 100,0
60 606 62440 13336 49103 98,5 99,8
65 614 63207 14849 48358 99,7 98,3
70 615 63392 16340 47052 100,0 95,6
r=2%
55 592 31425 11843 19581 96,3 100,0
60 606 32147 13336 18811 98,5 96,1
65 614 32542 14849 17693 99,7 90,4
70 615 32637 16340 16297 100,0 83,2
r=3%
55 592 21562 11843 9718 96,3 100,0
60 606 22057 13336 8721 98,5 89,7
65 614 22328 14849 7479 99,7 77,0
70 615 22394 16340 6054 100,0 62,3
r=4%
55 592 16636 11843 4792 96,3 100,0
60 606 17018 13336 3682 98,5 76,8
65 614 17227 14849 2378 99,7 49,6
70 615 17278 16340 938 100,0 19,6
r=5%
55 592 13685 11843 1841 96,3 100,0
60 606 13999 13336 663 98,5 36,0
65 614 14171 14849 -678 99,7 -36,8
70 615 14213 16340 -2127 100,0 -115,5

Table 3. Mean annual cash flow, expectation value, stock value, and land
expectation value depending on target diameter and discount rate.

Table 3 shows that the highest land expectation value is obtained by use of a small target
diameter when the discount rate is larger than or equal to 1%. The land expectation value is
strongly reduced assuming large target diameters when the discount rate is increased above
this level. The stock value exceeds the expectation value when the discount rate is 5% and the
target diameter exceeds 60 cm, resulting in a negative land expectation value. So, it is indicated
that the maximum land expectation value is obtained when using the smallest possible target
diameter. The results indicate, however, that the economic optimal target diameter increases
when the discount rate is very low as shown in Table 3 assuming a discount rate of 0.5%. In
this situation the deviation of the land expectation value as a consequence of changing the
target diameter is however not significant — reaching a relative deviation of 1.2% when
comparing the land expectation value using a target diameter of 55 cm and 60 cm, respectively.

Discussion

The usefulness of Markov chain theory in modelling in general is documented by numerous
authors applying models for analysis of a large variety of investigations.

The concept of singulary stationary Markov processes was applied for assessment of
the future wood supply in the Netherlands by Hinssen (1994).

Forest sector modeling by use of Markov chain models was described by Sallnas (1990).

107



The model generated reasonable growth levels and growth patterns. It was concluded
that the model is suitable for implementation in integrated forest sector modeling.

Specific applications of Markov chain theory for modelling of mixed species uneven-
aged forest management include Kouba (1989) where a normal forest structure is constructed
on the basis of a Markov chain model. The optimal conversion to the stationary state is
investigated by use of LP where the objective function is the sum of final cutting volume over
the conversion period. Kouba (1991) described how estimation of transition probabilities was
performed, including the effect of calamities, forming a basis for analysis of the optimal
conversion to a normal forest structure.

Lee et al. (2000) employed sample plot data from natural deciduous forests and describe
successional trends so that the future overstorey species composition could be predicted in
different topographic positions. The succession time to reach the steady-state was 200-250
years depending on topography and forest type. They noted that the forest community is serial
rather than of a climax type. A similar study in a mixed broadleaved-Abies forest was described
by Kim (1992), where the succession length to reach the steady-state was 700 years. The
study forest was still in its serial stages. Quercus mongilica was identified as a mid-successional
dominant. The dynamics of the forest structure were dependent on human intervention in the
present serial stages. It is noted that the Markov chain model applied in the analysis here also
include human intervention through modeling of thinning and final harvesting.

Cho & Boerner (1991) used Markov chain models to predict the future composition of a
mixed broadleaved old-growth forest in Ohio. The model was based on most probable replacers
of current canopy trees documented by data for replacement in 23 recent treefall gaps in the
complex. It was found that Acer and Fagus species were likely to replace Quercus and Fraxinus
species in the future due to a change of the regional drainage regime.

A Markov chain application with the purpose to predict the natural course of succession
in mixed boreal forests by Logofet and Korotkov (2002) included the use of expert data for
transition probability estimation. However, this approach created a high degree of uncertainty.
The model was calibrated using a geographical information system for multidimensional non-
linear optimization. The best likelihood ratios were used as a basis for adjustment of the
transition probabilities obtained from the expert evaluations.

The combined use of Markovian models and optimization was described by Lin &
Buongiorno (1998) and Buongiorno and Gilless (2003). The first analysed income possibilities
from Wisconsin’s maple-birch forests. The Markov decision process method allowed for the
design of compromise policies that would maximize income while keeping diversity above
specified limits. Advantages of the method reside in the ability to model complex ecosystem
processes with simple probability matrices, and in the rich Markov decision process theory
and algorithms. Limitations included the difficulty of defining a space set large enough for
accurate discretization, but small enough for practical application. The opportunity cost of
increasing tree size diversity was found to be much higher than for species diversity. Comparing
the maximum timber income owners could have got with what they actually cut suggested that
the amenity value of forests is four times that of timber. Aside from this interesting result the
presentation confirmed the wide applicability of Markov chain theory for modelling of uneven-
aged forest management.

It has not been possible to locate publications about Markov chain theory applied for
economic analysis of uneven-aged beech forests in Northern Europe but a comparison of
uneven-aged beech forest management in Northern Germany with for example a cyclical
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even-aged regime was presented by Nord-Larsen et al. (2003). The average site index
corresponded to a height of 30 metres of the mean basal area tree at a stand age of 100 years.
The uneven-aged regime is serial in nature and the maximum expectation value is estimated at
about €30,000 per ha (r=2%) compared with €31-33,000 per ha in steady-state as shown in
Table 3. The results are however not immediately comparable due to difference in site index
and variation of the stand structure of the serial regime over time. The mean annual net
revenue is estimated at €479 ha' compared with €592-615 ha! in the analysis results presented
in Table 3. Nord-Larsen et al. 2003 found that the average harvesting costs were reduced
when using a target diameter regime compared with traditional even-aged regimes, mainly due
to an increased proportion of large size stem wood. On the other hand, it is noted that red heart
formation is associated with production of large dimension logs and may therefore reduce the
economic optimal target diameter.

Conclusion

The matrix model structure consisting of recursive equations with application of Mar-
kov chains represented by transition probability data is suitable for modelling of near-natural
forest management requiring application of models representing uneven-aged stand structures.

The recursive equations are suitable for economic analysis of conversion from an even-
aged to an uneven-aged stand structure, even though economic analysis of conversion is not
subject to specific evaluation here. LP is useful for estimation of steady-state characteristics.
It is demonstrated how the steady-state diameter distribution is derived by use of constraints
on harvest volume by diameter class determined from the production capability of a normal
forest structure.

It is found that the expectation value of a stand in steady-state is neither significantly
affected by the size of the target diameter, nor by the size of the discount rate. However, when
the value of the growing stock in steady-state is taken into account by estimation of the land
expectation value it is found that the economic optimal target diameter should be as low as
possible especially when the discount rate is large. When the discount rate is lower than about
1% it is found that the economic optimal target diameter is increasing but the variation of the
land expectation value as a consequence of changing the target diameter is not significant
when assuming a discount rate at this level.

Future research could include sensitivity analysis of the target diameter dependent on
the extent of declassification of logs due to red heart formation. In addition, future development
of models for mixed species uneven-aged forest management comprises a challenging research
goal.
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Avoided Greenhouse Gas Emissions when Forest Products
substitute Competing Materials — Effect on Carbon Account
and Optimal Forest Management
A Case Study of Hedmark County in Norway

Ann Kristin Petersen
Terje Gobakken
Hans Fredrik Hoen
Birger Solberg

Abstract

In the discussion of how forests can contribute to reducing the content of greenhouse
gases in the atmosphere, most focus has been given to sequestration of carbon dioxide in
forests. Few studies have analysed the additional impact wood-based products has as a substitute
for other materials. This effect comes in addition to fixation and release of carbon and can
contribute to a long-term solution. The aim of this article is to provide an empirical study on
how wood products contribute to reduction of greenhouse gas emissions on a regional level.
The case study is of Hedmark county in Norway, and is done with the dynamic forest
management optimisation model GAYA-J/C. This model includes costs, revenues, and all the
main carbon flows related to forests (living trees, dead trees, litter, soil, materials substitution,
and energy substitution).

The paper has three main objectives. The first is to find the effect of including substitution
in a carbon account of Hedmark county. The second objective is to find how optimal forest
management will change with various prices on CO,, and also study how the optimal forest
management changes when substitution is included. The third objective is to find the frontier
between net present value in monetary terms and net present value of carbon benefit, and see
how it will change when substitution is included.

Key words: dynamic forest management optimisation model, GAYA-J/C, greenhouse gases,
living trees, dead trees, litter, soil, harvest residues, materials substitution, energy substitution.
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Incentives for Local Authorities to Supply Environmental
Benefits through Afforestation

Signe Anthon & Bo Jellesmark Thorsen
Forest & Landscape
The Royal Veterinary and Agricultural University
Denmark

Abstract

In 1989 the Danish Parliament announced it an official goal of the forest policy to
double the Danish forest area in 60-100 years. One of the goals of this policy was to improve
the recreational possibilities for the urban population. Therefore focus has been on furthering
public afforestation projects close to cities with little forest nearby. We know from previous
research that mature urban forests possess significant amenity values for urban areas; the
question is whether the same holds for afforestation projects? Thus, the aim of this analysis is
to examine the inhabitants’ willingness to pay for proximity to urban afforestation projects.
We use a hedonic pricing approach to estimate the willingness to pay for the environmental
benefits related to the proximity for two afforestation projects Bakkely Forest and True Forest.
The model used enables us to calculate the WTP for each house depending on the distance
from the forest and the total WTP for the two areas. The study also examines the impact of the
observed raise in house prices on the property taxes that the inhabitants pay. As the property
tax depends on the value of the house, higher prices. This increase in the tax burden has to be
included in the total WTP measure to avoid a serious under-estimation of the total WTP. We
show that the present value of the extra property tax may lie between 20 and 100 % of the
increase in property value.

Keywords: Afforestation, amenities, recreation, hedonic pricing, property tax, WTP.

Introduction

In urbanized Europe, the welfare-economic importance of forests consists to an increasing
extent of their ability to produce positive externalities. In Denmark, urban afforestation programs
are established and financed partly by the Government and partly by the EU to ensure the
provision of such externalities, especially recreational opportunities for local population.
However, increased budget restrictions in the state agency administering the program have
raised the question whether other actors could take over part of the financial burden. In particular
those who stand to gain the most from the program.

In this paper, we use a valuation study to examine the link between the new recreational
benefits and tax revenues for the local authorities, which could be a possible financing
mechanism for nature projects close to urban centers. In 2002 a hedonic pricing study was
made to evaluate the willingness to pay (WTP) for proximity to new forests (Anthon 2003,
Anthon & Thorsen 2002). Other hedonic studies (Tyrvdinen and Miettinen 2000, Prazstholm
etal. 2002) have shown that proximity to existing forests increases the market value of houses.
This increase represents a windfall gain to the house owners, but for many reasons they are
not likely to formulate the demand for and secure the supply of the benefits related to urban-
fringe afforestation projects. These reasons include the absence of organization and in particular
the incentive to free-riding on possible investments. However, other actors benefit from the
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increased hedonic values. The increase in house prices can lead to higher tax revenues, both
property taxes and in the long run higher income taxes too. We assess the quantitative effect of
these increased taxes and discuss the extent to which this can be used as an incentive to
finance afforestation projects. Two forests are used as case areas.

The hedonic pricing study
The hedonic pricing theory and estimation techniques will not be described in detail
here. The core idea is that a property like a house is a composite good and that the price of

given house i ( Pl ) is determined by its structural (S), neighborhood (N) and environmental

(Q) characteristics (Freeman 1993):

P =P(S,.1,.0)

When a new forest is planted near the house, the environmental characteristics change
while all other characteristics remain constant. If proximity to forest is considered a benefit,
one would expect the house price to change marginally as a reflection of the willingness to pay
(WTP) for living near the new forest.

The hedonic pricing study estimates these changes in two areas, where new forests were
in the mid-1990s planted close to the town border. True Forest was planted close to a large
suburb (Skjoldhojparken) of Arhus, the second largest town in Denmark, and Bakkely Forest
is located close to a small town called Vemmelev. The two afforestation projects are very
much alike as to area, species, etc. The data consist of prices of houses sold in the period
1984-2001 and a number of house characteristics, e.g. floorage, age, and proximity to
motorways or railways. The effect of the new forest on the price of a given house is modeled
using a formulation that allows for an effect of distance to the forest.

The econometric results are presented and discussed thoroughly in Anthon (2003) and
Anthon and Thorsen (2002). They showed a significant, positive value of the new forest
reflected in house prices. They also showed that the willingness to pay was three times higher
at True Forest compared to Bakkely Forest. Figure 2 shows the percentage price increase as a
function of distance to the forest. It is seen that the inhabitants were willing to pay for proximity
to the forest, and that the effect was highest for the houses situated close to the forest border.
The houses closest to True Forest were situated at a distance of 150 meters and experienced
an estimated price increase of 9%. At Bakkely Forest, the highest price increase was 10% for
a house situated only 50 meters from the forest border. The WTP decreased rather fast -
houses located 500 meters from True Forest and Bakkely Forest experienced an estimated
increase of only 3 and 1%, respectively.

From the hedonic pricing model it was possible to calculate the aggregate WTP in the
two areas (Table 1). It was estimated to be 3.7 times higher for True Forest than for Bakkely
Forest. The higher aggregate WTP for True Forest is due to a higher WTP for each house,
combined with a higher number of houses in the nearby area and higher average house prices.

Table 1. Aggregate willingness to pay for the two new forests as reflected in house
price changes

True Forest Bakkely Forest
Total number of houses 977 500
Average house price 185,000 USD 139,000 USD
Aggregate willingness to pay 5.3 mio. USD 1.4 mio. USD
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The result from the hedonic pricing study can also be interpreted in a different but
equivalent way: as the total rise in house prices if the houses were sold today. This means that

the expected value of the houses has increased by 5.3 mio. USD in Skjoldhejparken and 1.4
mio. USD in Vemmelev.

The impact on tax revenues for local authorities

The increase in house prices from the hedonic pricing study can be used to calculate the
expected impact on tax revenues for local authorities. Higher house prices have a direct effect
on property tax and we suspect an indirect effect on income tax.
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Figure 1. The WTP for the two afforestation projects as a function of distance to the forest

Property tax

In Denmark, house owners pay annual property taxes, which are calculated as a percentage
ofthe assessed market value of their house. Thus, as the proximity to the new forest increases,
house prices property taxes increase when the market value assessment has been adjusted. As
argued by Anthon et al. (2003) this should be taken into account when assessing the WTP for
the proximity to forests. However, in this paper, the interesting aspect is that the property
taxes represent a redistribution of wealth — a windfall gain re-allocated to the local authorities,
in Denmark counties and municipalities.

The revenue function R, for property tax can be formulated as:
-Ah

R, =L =1

ro(l+ry

Here p is the property tax percentage levied; A# is the absolute change in the value of the
affected houses. The discount rate used by the community is denoted r and the formulation
allows for a possible delay of j years in the administrative adjustment of the market value
assessment of the houses in the area.
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The calculated R, is reported in Table 2, showing the increase in annual property taxes
caused by the two case afforestations and how it is shared between the two tax levying authorities
in each area. The calculations are made using the estimated distance dependent price change
of the houses. We have used a discount rate of 3% and assumed a delay of five years, i.e. j =
5, for the adjustment of market value assessment to have effect. Since market values are, in
fact, regulated every year, this assumption implies a conservative bias of the property tax
effect.

Table 2 7 KHSIRSHW W HIFHFWRUWH W R DNRUMBIRQVDQG
WHWR RFDODXWRIEY GvyIQ) WHW . +HHj 5 D)Gr  0.03.

Tax authority Annual increase NPV 3%
(1000 USD) (1000 USD)

True Forest, total 87 2632
Municipality 59 1684
County 33 948
Bakkely Forest, total 24 697
Municipality 16 463
County 8 234

It is seen from Table 2 that the annual increase in property taxes is 87,000 USD for True
Forest and 24,000 USD for Bakkely Forest. In total, the local authorities can expect an increase
of 2,632,000 USD after the establishment of True Forest and 697,000 USD for Bakkely
Forest.

Income tax

Another aspect to consider is the potential long-run effect on income levels in the areas
near the forests. If the individual is assumed to be willing to spend only a certain share of the
income on housing expenses, then increases in house prices will tend to result in current
owners moving out and new owners with higher income levels will move in. At least if the
implied costs of higher prices exceed transaction costs. However, since the price changes here
have rather marginal cost effects compared to transaction costs of moving, we assume that the
rate of turn-over in the group of owners will not change. Thus, only slowly will new owners
with higher income move into the area. To the extent that such movements occur across local
community boarders they become interesting because they imply that high-income households
are attracted and hence, for given tax rates, more tax income will accrue to the local community
as such.

In Denmark, counties and municipalities both levy income taxes on their community
members. However, as we shall see below, only municipalities are small enough as to make
likely a significant amount of cross-community boarder movements. Thus, not only the affected
house owners, but also the local communities and authorities stand to benefit from the hedonic
effects of afforestation projects — in a very direct way.

Assuming that the marginal propensity to pay for housing is constant across the income
ranges considered, it is quite easy to show that a proportional change, Ah/h, in house prices
must in the long run lead to a similar proportional change in taxable income levels, Y, of the
households occupying the houses. The revenue function R, — in present values - for the
community can be formulated as:
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R —ves V- -AWAS mindl, mi}
J =Y / ; (r) 0

R, captures the increased revenue from levying the income tax percentage s on taxable
income Y. The taxable income is suspected to increase only slowly over time with the moving
rate m towards a total change of AA/h percent, obtained when all houses in the area have been
traded, i.e. mt=1. Not all new households in the area come from outside the community, but &
measures the proportion of new households entering from outside. Again, the discount rate »
is used to calculate the present value of these revenue changes.

Assuming the propensity to spend income on housing expenditures to be constant across
income levels, we have argued above that proportional change in house prices must in the long
run lead to higher income households living in the area. This assumption is not completely
unqualified - figures from Danish Statistics show that households with quite low income use
a higher percentage of it for housing than do households with rather high income. However,
average pre-tax household income per year is in Vemmelev (Korser Municipality) 61,000
USD and in Arhus 74,000 USD, and since the change in house prices are after all limited, the
average household will — before and after houses have been traded - in both municipalities lie
in the same official income bracket (50,000- 83,000 USD/yr.). Thus, because house price
changes are marginal we find the assumption of constant propensity justified.

Another key factor pointed out above is whether the household moving into the
neighborhood did not already live in the municipality or county. If they did, no higher net tax
revenue will result. Since the counties are rather large entities — in household numbers as well
as geographically - most moves are found to be within-counties. Thus, in general the effect is
probably higher for the municipalities.

Data from Danish Statistics show that in Korser Municipality 28% of households moving
takes place from another municipality, in Arhus 22%.This difference most likely reflects the
fact that Arhus is a rather large municipality with approximately 300,000 inhabitants, whereas
Vemmelev has only 3,000 inhabitants and is a part of Korser Municipality with only 20,000
inhabitants. Thus, for Arhus we find & = 0.22 and for Korser 4 = 0.28.

As argued above the full effect on income tax revenues will not show immediately, since
the price change is sufficiently marginal not to exceed transaction costs of moving. Only
gradually will the houses be sold to people with higher incomes. Data from Skjoldhgjparken
and Vemmelev show that 3-4 % of the houses are sold every year. Therefore, the tax revenues
will increase over a period of 25-33 years — within approximately one generation all houses
will have been traded. After that the income tax revenue increase will be constant at full effect.
Thus, we have m = 0.04 for Vemmelev in Korser municipality and 7 = 0.03 for Arhus.

Using the estimated hedonic price function, a discount rate of 3%, and the reported
values of m and &, we find the income tax effects shown in Table 3. Even with the large effect
ofthe slow moving rate, combined with discounting and the low proportion of newcomers, the
total effect is still rather large and in fact is seen to be of the same order of magnitude as the
property tax effect. Also, the combined tax effects are seen to reach the same magnitude as the
estimated aggregate windfall gain to the house owners. Thus, house owners and local
communities both stand to gain from afforestation projects.

It is seen that the NPV of the increase in income tax is of the same magnitude as the
increase in property tax. But it is only the municipalities that experience a rise in tax revenues.
Arhus Municipality can expect a total of 2,073,000 USD and Korser Municipality 891,000
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USD.

Discussion on incentives to supply environmental benefits

This paper has documented that the environmental benefits of urban fringe afforestation
do not only imply a windfall gain to nearby house owners, but may also imply rather large
gains for the community as such through increased property taxes (in fact reflecting part of
the welfare gain) and increased income taxes.

Municipalities in Denmark supply a number of (public) goods to their inhabitants, e.g.
childcare, schools, certain health programs, and sport facilities. Supplying these goods in high
quality and at low (tax) costs are important goals for the municipalities. It will enable them to
attract high income households, which in turn increases tax revenues and allow for either
quality and quantity improvements or reductions in the relative tax burden. Thus, municipalities
in many ways compete to attract high income citizens.

Providing nice, quiet and beautiful living surroundings is just another way to increase
local wealth and in the long run income too. Thus, municipalities and counties may stand to
benefit from, e.g. urban fringe afforestation projects, and hence they may have an incentive to

Table 3. Assessing the income tax effect for the municipalities benefiting from the increased
attractiveness of the involved residential areas. For parameter assumptions, see text.

Newcomers House sales per year NPV 3% (1000 USD)

True Forest

(Arhus

Municipality) 22% 3% 2073
Bakkely Forest

(Korsor

Municipality) 28% 4% 891

secure this kind of benefits to their inhabitants. Furthermore - unlike the individual household
- they have the organizational and financial capacity to handle projects of this size, and they
have no incentive to free-riding.

In Table 4 we provide a rough and conservative calculation (based on Anthon and Thor-
sen 2002) of the net gain for the local authorities, if they themselves had financed the two case
afforestation projects. Note that the highest cost burden of public afforestation projects is the
acquisition of agricultural land and establishment of the new forest. Forest production does
not contribute much to the overall economic value of the project. Note that in this calculation,
the community ends up owning the forestland. Once the forest is in place, it is in fact possible
to sell the forestland as such because it becomes forest reserve. This will substantially improve
the balance.

When we compare the estimated costs of the project with the estimated future tax revenue,
it is evident that the possibility of financing afforestation projects through increased tax revenues
is not unambiguous, at least not for these two cases. The large differences between the two
areas are among other things due to:

- The households in Skjoldhejparken have a higher average income than those in Vemmelev

- There are more houses close to True Forest compared to Bakkely Forest

- There is a higher increase in house prices in Skjoldhejparken compared to Vemmelev
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However, even without taking this option into account we find that for True Skov, the
local authorities stand to benefit substantially and could easily have financed the afforestation
projects. For Bakkely Skov at Vemmelev, the balance is more ambiguous. But again, the 60

Table 4. A rough calculation of the net gain for the local authorities in the to case areas, had
they themselves invested in establishing the afforestation areas.

True Forest Bakkely Forest,

1,000 USD 1,000 USD
Agricultural land -1.667 -1.000
Establishment -1.100 =700
Forest management 0 33
Total costs -2.767 -1.667
Property tax revenue delayed S years 2.632 697
Income tax revenue delayed response 2.073 890
Total tax revenue 4.706 1.587
Balance 2061 -80

hectares of forest in Bakkely Skov represent a value of some 300,000 USD, which has not
been included here.

Thus, we find that due to the tax revenue changes following hedonic effects of the
environmental benefits caused by urban fringe afforestation, local communities may have a
clear incentive to actively secure the supply of these benefits to their inhabitants.
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The EU Forest Policy after the Enlargement:
A Method for Assessing the New Member States’ Potential
Impact!
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Abstract

The enlargement of the EU in 1995 with Austria, Finland and Sweden had a
considerable effect on the Union’s policy on forests, and there is reason to believe that
further impact will arise from the enlargement in 2004 with ten Central and Eastern
European countries. The present study aims at assessing the potential short-medium
term change — its extent and direction — of the Forest Strategy 1998 resulting from the
enlargement. However, as the assessment is somewhat subjective and based on a
small part of the relevant information, emphasis is on the method developed for policy
analysis, its merits being that qualitative information is quantified in a simple and
transparent way, making the results easily interpreted and reproducible to a reasonable
extent.

Keywords: policy analysis, EU Forest Strategy 1998

1. Introduction
The enlargement of the EU in 1995 with Austria, Finland and Sweden had a
considerable effect on the Union’s policy on forests, and there is reason to believe that
further impact will arise from the enlargement with ten Central and Eastern European
countries (Eisma 1998). As illustrated by the key figures in Table 1, the forest resource
and its potentials of the EU-25 are much larger than those of the EU-15.
No common forest policy proper exists in the EU-15. However, the Forest Strategy
1998 (COUN 1999) is an important statement on common forest policy principles, to which
EU forestry initiatives and measures should adhere. The Strategy may be considered a
compromise, i.e. the solution on which the fifteen Member States with rather different forest
policies could agree. It will to a great extent be implemented through Agenda 2000 (COMM

Table 1. Key figures on development of the EU forest resource (Based on ECE/FAO 2000).

Forest Available for Wood Supply (FAWS)
Forest area Area Growing stock | Net annual increment | Annual removals
1,000 ha 1,000 ha | 1,000 m® 0.b. 1,000 m’ o.b. 1,000 m® 0.b.
EU-15 113,567 95,525 13,420,123 458,839 265,679
10 New Members 23,493 21,373 4,506,413 114,920 61,187
EU-25 137,060 116,901 17,926,536 573,759 326,866
% of EU-15 121 122 134 125 123

! The paper is based on Nielsen & Poulstrup (2001).
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1999) and is therefore immediately relevant to the new Member States (COMM 1998, p. 9).
The Forest Strategy is a dynamic process (COUN 1999, Paragraph 2) and will change as a
result of the Member States’ forest policies, even though they have all reformed their forest
legislation within the last decade, more or less as part of the endeavours to qualify for EU
membership — they are “expected to respect the same international commitments and processes
to forests and the environment as the European Union” (ESC 2002, Paragraph 5.1).

The present study aims at assessing the potential short-medium term change — its extent
and direction — of the Forest Strategy resulting from the EU enlargement. However, as the
assessment is somewhat subjective and based on a small part of the relevant information,
emphasis is on the method developed for policy analysis.

2. Method

The overall idea of this paper is that the Forest Strategy represents a certain balance of
three sustainability concepts: ecological, economic and social functions, and that the enlargement
of the EU will lead to a new balance. The Strategy’s present position in relation to the
sustainability concept is used as the point of reference, to be compared with the aggregate
position of the new Member States’ present forest policy. The difference gives a first indication
of the new balance position. However, the forest policy of a new Member State may not tally
with the potentials of its forest resources and therefore a dynamic aspect is included, illustrating,
as it were, a difference between theory and practice.

The analysis follows two lines (see Figure 1): (i) Forest policy analysis (Section 2.1):
The components of the Forest Strategy and of the new Member States’ present forest policies
are weighed according to the three sustainability functions and visualised as in Figure 2. (ii)
Forest resource assessment (Section 2.2): The forest resource of each new Member State is
analysed with respect to its potential prioritisation of the sustainability functions (arrows in
Figure 2).

Forest policy analysis Forest resource assessment
Identification of analogies to Application of sustainability
three sustainability functions indicators
Visualisation of forest policy Corrected assessment

Potentials for affecting EU policy

Figure 1. Overview of the analysis method

2.1 Forest policy analysis
The Forest Strategy and each new Member State’s forest policy are related to the three
sustainability functions through identification of analogies. Examples: (i) An aim of increasing
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forestry’s productivity indicates economic functions, (ii) efforts to establish national parks
may indicate ecological functions, and (iii) emphasis on recreation indicates social functions.
For some policy aims the characterisation may depend on the context, e.g. fire protection and
afforestation, and they are therefore not included. The ‘strength’ of each policy aim is assessed
through the assignment of 1, 2 or 3 points. For illustration of analogies to ecological functions:

-Strong (3 points): “conservation and enhancement of ecological stability of forest
ecosystems, and their sustainable and close-to-nature treatment” (Slovenia: Forestry Policy
and Strategy 1996, Objective 1.1 (EFC 2000b)).

- Moderate (2 points): “conservation and improvement of the quality of air, whose content
of impurities must not be detrimental to the existence and development of natural forests”
(Objective 2.1)

- Weak (1 point): “conservation, establishment and forming of forest edges and groups of
trees, solitary trees, riparian forest vegetation, windbreaks and hedgerows outside the forest”
(Objective 2.3).

Such identification and weighing of analogies is subjective but this may to some extent
be counterbalanced by the systematic approach. The chosen policy statements and their
analogies are shown in Table 2.

For each of the three sustainability functions the weights are summed and the relative
scoring calculated. The relative scoring defines the country’s position in Figure 2. Coordinates
(0.33; 0.33; 0.33) imply equal weights, whereas e.g. coordinates (0.50; 0.25; 0.25) imply
emphasis on ecological functions and lower but equal weight on economic and social functions.

For a given country, the most recent and comprehensive forest policy document(s)
available is consulted: Forest Law, national forest programme, strategy, etc.

Table 2. Selected policy statements and their classification

Policy statements st .An.alo ieg aqd Pri"’iﬁi"'? -
17 priority | 2™ priority | 3 priority

Public access Social - -
Land amalgamation Economic | - -
Protection of flora and fauna Ecological | - -
Employment Social Economic |-
Biodiversity/multiplicity Ecological | - -
Certification Social Ecological | -

CO, sequestration Social Ecological | -
Democratic processes/participation Social - -
Research Social Ecological | -
Information Social - -
Hunting Economic | Social -
Capacity building Social Economic |-
Climate functions Ecologic | Social -
Cultural functions Social - -
Selected seed material Ecological | Economic | -
Possibility to convert into farmland Economic |- -
Non-timber forest products Economic | Ecological | Social
Plantations Economic | - -
Production/commercial activities Economic | - -
Recreation Social - -
Restitution Social Economic | -

Tax benefits Economic | - -
Forest health Ecological | Economic | -
Grants/subsidies Economic | Social -
Incentives for owners’ associations Economic | Social -
Technology development Economic | Ecological | -
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Social functions
Figure 2. Illustration of the assessment correction ® new Member State

2.2 Forest resource assessment

In order to decide whether the forest policy statements tally with the forest resource
potential the resource is assessed by applying the same sustainability functions that were used
in Section 2.1. Three sustainability indicators are defined, for each of which is made a weighing
by twos of the sustainability functions, and in the case of transitivity an overall weigh is
derived. However, no numerical value is aimed at, i.e. no exact position in the sustainability
triangle. What is obtained is an indication of the direction in which the forest resource ‘pulls’
the forest policy through relative prioritisation of the sustainability functions. For instance,
there is a pull towards economic functions if analysis of the indicators reveals more weight on
such functions than on ecological and/or social functions.

The indicators are listed in Table 3 together with the associated hypotheses (these also
show limits to the use of the indicators). In Figure 2 the arrows show the prioritisations by
twos — in this hypothetical example, social functions are given priority to economic (horizontal
arrow), economic functions priority to ecological (arrow sloping downward to the right), and
social functions priority to ecological functions (arrow sloping downward to the left).

3. Results

The results of the analysis are shown for the Forest Strategy and for the ten new Member
States as a whole. Two of these have been selected for further illustration: a North and a
Central European country, namely Lithuania and Slovenia.

3.1 EU-15
The Council Resolution on the EU Forestry Strategy (COUN 1999) considers, in

particular, the UNCED 1992 and the Pan-European Ministerial Conferences on the Protection
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of Forests, when emphasising “the importance of the multifunctional role of forests and
sustainable forest management based on their social, economic, environmental, ecological
and cultural functions for the development of society and, in particular, rural areas and
emphasises the contribution forests and forestry make to existing Community policies” (Section
1).

Among the substantial elements of the Forestry Strategy identified by the Council are:
(i) Sustainable forest management and the multifunctional role of forests as overall principles
for action, (ii) the importance of sustainable forest management for the conservation and
enhancement of biological diversity, and for the living conditions for animals and plants, (iii)
the contribution of forestry and forest-based industries to income, employment and other
elements affecting the quality of life, (iv) the need for specific approaches and action for the
different types of forests, recognising the wide range of natural, social, economic and cultural
conditions of the forests in the Community. (Section 2).

The result of classifying the Forest Strategy to sustainability analogies is shown in Table
4. According to the analysis, ecological functions dominate the Strategy whereas economic
functions carry relatively little weight. The weights define the Strategy’s position in Figures 3-
4.

Table 3. The three sustainability indicators applied.

Indicators Functions Description Hypotheses
1 Economic/Social Ratio of felling to | The closer the level of felling to that of net increment,
increment the more the weight on forestry’s profitability. Conver-
sely, the more the non-utilised net increment, the more
the standing volume accumulation, resource and social
benefits in different environmental and recreational
contexts
2 Economic/Ecological | Ratio of mixed forest| Mono-species forest has higher business economic

value than mixed forest, which has higher ecological
value in the form of biodiversity. Comparison with the

area to total area of
Forest Available for

classes 1 and 2 forest
area to total area of
protected forests

Wood Supply EU-15 average reveals whether the resource complies
(FAWS) more/less with economic or ecological functions
3 Ecological/Social Ratio of IUCN™ | TUCN forest classes 1 and 2 have high ecological value

but are more or less inaccessible to the public. This
means that a trade-off is made between ecological and
social functions through increasing/reducing the share

of forests protected to such extent that they are little
open to public use

* International Union for Conservation of Nature

3.2 Lithuania

Lithuanian forest policy is based on the UNCED 1992 sustainability principles and the
primary aims are: (i) Implementation of the Pan-European resolutions 1990, 1993 and 1998,
(ii) development of sustainable and multiple-use forest management, (iii) protection of
biodiversity, (iv) afforestation of abandoned agricultural land, and (v) development of forestry
research, education, and extension (EFC 2000a).

The Forestry Law 1994, latest amendment 1999, aims to “establish rights and duties of
all forest managers, owners and users. . .to utilise, reproduce, grow and protect forests, strike
a balance between the interests of forest owners and society, establish the main principles of
forest management” (Article 2). Among the “main trends of forest policy” are: “Forests shall
be managed properly without violating economic and ecological interests of the State. The
environment, diversity of plants and animals, landscape, nature and culture values must be
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preserved and harmonised in the forests.” (Article 1).

In Lithuanian forest policy, ecological functions are slightly more important than economic
functions, whereas comparatively little weight is given to social functions (see Table 5).
Lithuania’s position in the sustainability triangle is shown in Figure 3.

The total forest area is 19,780,000 ha (32% of land area, 0.5 ha/cap), 85% of which is
Forest Available for Wood Supply (FAWS). Like in the other Baltic States (and Poland and
the Czech Republic) the growing stock is predominantly coniferous. Conifers cover 45% of
the area, broadleaves 35% and 20% is mixed forest. The average growing stock per ha is 186
m3 and increasing: net annual increment 5.0 m3/ha, annual removals 2.3 m3/ha. (Based on
ECE/FAO 2000). By year 2000 77% of the area was still in public ownership, the restitution
target being 55-60% (INDUFOR-ECO 2000).

Application of the sustainability indicators to the forest resource is illustrated in Figure
5. As is seen from Table 7, no dynamic aspect is identified, cf. Figure 3.

Table 4. Policy analysis of the EU Forest Strategy 1998
(based on COUN 1999)

Section Ecological Economic Social
functions functions functions

1 1 1 2

2a 1

2c 3 1 1

2g 2

2h 2 1

21 2 2

2k 2

3 1

4 2

5 3

6 2 1 1

7 1

11 3

12 2

13 1 1

14 1

15 2

16 1

Total 20 8 15 43
Share 0.47 0.19 0.35 1.01

3.3 Slovenia

The Law on Forests 1993 stipulates that the “programme of forest development in Slo-
venia [FDPS] shall set out a national forest policy of close-to-nature forest management,
guidelines for the conservation and development of forests, and conditions for their exploitation
and multiple use” (EFC 2000b).

The FDPS 1996 takes into account the UNCED 1992 sustainability principles 1992 and
the Pan-European resolutions 1990 and 1993, and based on the Law on Forests, it develops
the “fundamental long-term objectives of forest management”: (i) Conservation and sustainable
development of forests with regard to their biodiversity and all their ecological, social and
production functions, (ii) conservation of the natural environment and an ecological balance
in the landscape, (iii) conservation of landscape settlement, and cultivation and improvement
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of the quality of life in the countryside.

In Slovenian forest policy, the three sustainability functions carry almost equal weight
(Table 5). Slovenia’s position in the sustainability triangle is shown in Figure 3.

The total forest area is 1,099,000 ha, the smallest among the new Member States (apart
from Cyprus and Malta with very small forest areas): 54% of the land area and 0.6 ha/cap,
94% of which is FAWS. The area distribution is conifers 30%, broadleaves 38% and mixed
forest 32%. The average growing stock per ha is 283 m3/ha and increasing: net annual increment
5.9 m3/ha, annual removals 1.9 m3/ha. Seventy per cent of the area is in private ownership.
(Based on ECE/FAO 2000).

Application of the sustainability indicators to the forest resource is illustrated in Figure
5. As is seen from Table 7, a dynamic aspect is identified, cf. Figure 3.

Table 5. Policy analysis for Lithuania and Slovenia

Lithuania, Forestry Law 1994 Slovenian FDPS 1996 (EFC 2000b)
Article | Ecological | Economic Social Objec- | Ecological | Economic | Social
Functions | functions | functions tives | functions | functions | functions
1.1 3 3 1 1.1 3
1.2 3 3 1.2 3
1.3 2 | 1.3 2 2
2.1 1 1 1.4 3
4.1 3 1.5 1
4.2 2 2 1.6 3
4.3 2 1 1.7 1 2
4.4 1 3 1.8 1 2 2
5 1 1 1.9 2
7 1 2.1 2
8.1 3 22 2 1
8.2 2 2.3 1 1 1
8.3 2 2.4 2
8.4 3 2.5 2
8.5 1 1 3.1 2
9 3 32 2
10 3 1 1 33 1 2
11 2 3.4 2 2
16.1 2 Total 17 17 16 50
16.2 1 share 0.34 0.34 0.32 1.00
17 1 2
18 3
19 2 1
20 2
Total 28 25 18 71
share 0.39 0.35 0.25 0.99

3.4 All new Member States

In Table 6 are shown the results of the policy analysis for all new Member States. Apart
from Cyprus and Malta, the sustainability concept (UNCED 1992 and Pan-European
resolutions) is explicitly recognised as the basis of forest policy in all States. However, as
shown in Figure 4 the positions in the sustainability triangle differ considerably, but the only
‘outlier’ is Malta. The aggregate position is also shown in Figure 4, indicating some difference
from the EU-15 Forest Strategy with regard to the weighting of ecological and economic
functions, cf. Table 7 showing the result of the forest resource analysis for all new Member
States. The method does not warrant the estimation of a correction of the aggregate position.
The numerical results with regard to the three sustainability indicators are shown in Figure 5.
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Table 6. Policy analysis for the new Member States, EU-25 and EU-15.

Ecological | Economic | Social Ecological | Economic | Social

functions | functions | functions functions | functions | functions
Cyprus 0.29 0.19 0.52 Malta’ 0.76 0.00 0.24
Czech R. 0.26 0.40 0.34 Poland 0.42 0.20 0.37
Estonia 0.38 027 0.36 Slovak R. 0.29 0.14 0.57
Hungary 0.31 0.29 0.40 Slovenia 0.34 0.34 0.32
Latvia 0.44 0.29 027 EU-25% 0.35 027 0.38
Lithuania 0.39 0.35 0.25 EU-15 0.47 0.19 0.35

" Based on environmental legislation
* Excluding Malta
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Figure 3. [llustration of forest policy analysis
o Forest Strategy o Lithuania, ¢ Slovenia
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Figure 4. Forest Strategy and the average of all new Member States except Malta
O Forest Strategy, ® new Member State, ¢ mean of new Member States
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Figure 5. Analysis of the three sustainability indicators.

4. Discussion

The Forest Strategy 1998 reflects a forest policy compromise between the fifteen EU
Member States. The enlargement of the EU implies that a new compromise must be arranged,
reflecting the intersection of twenty-five Member States. This study has analysed the forest
policy difference between the Strategy and each of the new Member States’ forest policy and
its dynamic aspects. Two assumptions are made: (i) All new Member States have equal interest
in forest policy, and (ii) they exert equal influence on the new common balance in the
sustainability triangle, an influence even equal to that of the present Member States. The first
assumption is not correct but is also not easily qualified. The second assumption holds true, at
least in principle.

Some difference is found between the EU-15 and EU-25 weighting of ecological and
economic functions. In other words, the EU enlargement may imply a pressure on EU forest
policy towards more weight on economy and less on ecology. (The important result of the
analysis is not the numerical assessment of differences but its revealing that they exist). Among
the possible reasons for the trade-off between ecology and economy are:

- Apart from Cyprus and Malta, forestry in the ten new Member States has a long tradition
of emphasising ecological functions.
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- With the same exceptions, these States are much behind the EU-15 with respect to
economic standard of living and have the possibility to increase the financial benefits from

forestry.

Table 7. Results of forest resource assessment for new member states

Country

Indicators

Comparisons

Overall results

Cyprus

1

Economy > Society

Economy > Ecology

Society > Ecology

Economy > Society > Ecology

Czech R.

Ecology > Economy

Ecology > Economy

Society > Ecology

None

Estonia

Society > Economy

Ecology > Economy

Ecology > Society

Ecology > Society > Economy

Hungary

Economy > Society

Economy > Ecology

Society > Ecology

Economy > Society > Ecology

Latvia

Economy > Society

Ecology > Economy

Ecology > Society

Ecology > Economy > Society

Lithuania

Economy > Society

Ecology > Economy

Ecology > Society

Ecology > Economy > Society

Malta

n.a.

Economy > Ecology

Society > Ecology

Society > Economy > Ecology

Poland

Economy > Society

Ecology > Economy

Society > Ecology

None

Slovak R.

Society > Economy

Ecology > Economy

Ecology > Society

Ecology > Society > Economy

Slovenia

Society > Economy

Ecology > Economy

G2 B = [ DN [ = | L2 [N | [0 | DN = |2 [N | = [0 [ N = |2 [ DN | = [ [ DD [ 1= [0 [ DN | = (LI [ DD

Ecology > Society

Ecology > Society > Economy

The equal weighting of social functions in the EU-15 and EU-25 may be explained as
follows:

-In EU-15 the emphasis on social functions is mainly attributable to the high economic
standard of living.

-In EU-25 social functions are to a varying degree conditioned by, e.g. a restitution
process, protection of cultural heritage, usufruct (berries, fungi).

The uncertainties of the analysis method and its results are mainly:

- The aim has been to base the analysis on the most recent and comprehensive national
forest policy statements in the ten countries. Apart from the problem of whether the policy
statement available is in fact the most recent, much policy is provisional and incomplete,
reflecting the effort to comply with /[ aquis communautaire.

- The evident element of subjectivity is reduced through making more than one person
analyse a given text according to a clear procedure.

- When applying the sustainability concept it has sometimes been problematic to identify
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analogies, in particular to social functions. It might have been advantageous to use a more
detailed scaling, e.g. 1-10 instead of 1-3.

-1t is difficult to select a limited number of sustainability indicators that are logical,
unambiguous and adequate. Applying more indicators might have facilitated the analysis and
led to more telling characterisation of forest resource potentials.

S. Conclusion

The method developed seems suited for policy analysis, its merit being that qualitative
information is quantified in a simple and transparent way, making the results easily interpreted
and reproducible to a reasonable extent.

The study leads to the conclusion that the enlargement by ten new Member States may in
the short-medium term tend to make the EU policy on forests put more emphasis on economic
functions at the expense of ecological functions, whereas the relative importance of social
functions may remain unchanged.
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Abstract

The paper addresses the question who benefits from public funding of recreation areas.
Employing a survey data set that includes both users and nonusers of state-owned recreation
and conservation areas in Finland, we derive measures of the income elasticity of willingness
to pay for recreation services. Our elasticity estimates indicate that public provision of these
services seems to benefit more those with lower incomes. We also estimate potential welfare
effects for two separate income groups (lower-/higher-than-median income) in alternative
cases in which a fee acceptable to a median voter would be implemented for the use of recreation
areas. The efficiency and welfare losses have ambiguous impacts on the high- and low-income
groups, with the impacts depending on the actual level of the fee implemented. Finally, we
discuss whether public funding of recreation services can be justified and what the optimal
policies might be for implementing user fees.

Keywords: user fees, benefits, environment, income

Introduction

The positive impact of outdoor recreation on health and well-being is considered a major
motivation for governments to subsidize recreation services. Nature conservation areas promote
environmental education, and recreation services further conservation aims by preventing
overuse and degradation of valuable sites. On the other hand, implementing user fees for
state-owned recreation areas would reduce congestion and open up a new source of income
for the government. Here the fundamental question becomes whether distribution considerations
in the provision of subsidized recreation services should play a role in instituting user charges.

Our paper examines equity in and public funding of recreation services. We study the
relationship between income and willingness to pay (WTP) for collectively provided state-
owned recreation and conservation areas in Finland and discuss distributional impacts of
subsidized recreation services. Economists have long been concerned about whether government
provision of public goods benefits other than high-income groups despite perhaps the initial
political intention of serving the needs of all citizens (Besley and Coate 1991). In this context,
nature protection or other programs to improve the quality of the environment are often classified
as luxury demand (see, e.g., Baumol and Oates 1989). Accordingly, even though recreation
services cannot be considered rationed, pure public goods, studies on the income elasticity of
the demand for outdoor recreation facilities have categorized recreation as a luxury good
(Boercherding and Deaton, 1972; Bergstrom and Goodman, 1973). However, there are few
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indicators that this is necessarily the case in general, although there is considerable evidence
that recreation services are more often used by relatively wealthy people (e.g., Vaux 1975,
Cordell et al. 2002). An intuitive explanation is that when there are costs involved in the use of
recreation services (travel, equipment, etc.), higher-income households can better afford to
enjoy public recreation services. Countering this is the argument that as recreation is a time-
consuming activity, the opportunity cost of time is lower for households with lower incomes;
for example, evidence from travel cost studies indicates that income elasticity for changes in
recreational consumer surplus is less than one (Morey et al. 1993). In their study on Maine
state park campers, Reiling et al. (1992) also found evidence that higher fees would have a
discriminatory impact on low-income users.

A special feature of recreation services that complicates demand analysis is that they
have the nature of both a private and a public good. Considered as a private good and in terms
of their complementarity with or substitutability for other goods, recreation services clearly
need not be viewed as luxury goods. In fact, how they are classified depends on institutional
context, knowledge, etc. (Daily et al. 2000). There are strong reasons to assume that other
than user values, such as conservation of nature and cultural values associated with state
parks, are as important as opportunities to use state parks free of charge. In contingent valuation
studies, it is typically found that the income elasticity of WTP for ecosystem services provided
by the environment (clean air, water purification, pollination) is less than one (Kristrém and
Riera 1996, Hokby and Sderqvist 2003). An essential point of departure for our analysis is
that recreation services provided by the government have not only a private good component
— captured by the use of the services — but also a public good component — determined, for
example, by users’ preferences with regard to nature conservation.

Our study makes two main contributions. First, we derive the income elasticity of
willingness to pay for recreation services for alternative sub-groups of the whole population.
Second, by estimating welfare measures for two income groups (lower-/higher-than-median
income) we address questions such as who benefits from the recreation services most, whether
fees would be welfare enhancing, and what the optimal fee level would be.

We investigate a representative sample of the Finnish population including both users
and nonusers of the recreational services provided by all of the state-owned outdoor recreation
parks. The data used are a sub-sample of the extensive Finnish Outdoor Recreation Survey,
which was obtained along with the weekly Labor Force Survey, a continuous panel survey
based on census data. The survey included questions eliciting people’s willingness to pay for
state-owned recreation and conservation areas. The statistical model we employ for analyzing
WTP responses is a variant of the Tobit model in which the data are completely censored. This
estimation method, initially suggested by Cameron and Huppert (1989), takes into account
the interval nature of payment card WTP responses. In addition, a nonparametric Ayer estimator
is used for comparison of welfare measures in the alternative user and income groups.

Our results show that users’ overall preferences and funding alternatives for services
influence how recreation services are perceived. The estimates of the income elasticity of
WTP indicate that current policy favors those with lower incomes. However, a closer look at
the welfare measures estimated demonstrates that the incidence of benefits is ambiguous.

The paper is organiz