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Summary

This chapter covers forest economics as a scientific discipline in a nutshell. The text
draws heavily on the author’s experience as a researcher for over a quarter of a century,
and on his long-time collaboration and contacts with academic colleagues worldwide.
The topics and themes dealt with in the chapter are selected to give an accurate and
sufficiently comprehensive account of questions that are of interest in the discipline.
Attention is given to examples and contexts from the forest sector that are open to
economic analysis. To some extent — but not entirely — the structure of the text is based
on the economic motivation of policies that influence agents and institutions in the
forest sector and on the nature and character of goods and services emanating from
forests. Forest economics extracts information from the relationship between forests
and societies and strives to give content to this relationship. Within the large realm of
economics, forest economics is a small subfield. However, after reading through this
text, the reader may agree with the author’s conviction that the field is a very rich
discipline. Not surprisingly, forest economics is known to inspire researchers
throughout their careers.

1. General Introduction
Forest economics is a subfield of economics studying topics related and relevant to the
forest sector. The forest sector covers forests, woods, landscapes with trees, products

and services emanating from forests, related markets, forest conservation, as well as
institutions and policies that govern the ownership, management and use of forests.
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As the field itself has an extensive coverage of the sector-specific topics, the issues of
interest for the discipline vary substantially both in scope and scale. Thus, forest
economists may be interested in — but not limited to — researching optimal combinations
of forest management methods within a specific type of geographic and environmental
context, underlying causes of land use changes, the role of exchange rates in the
international trade of forest products, competition conditions on timber markets or the
corrective policies to ensure a socially optimal amount of environmental benefits from
forests. While in scope and scale, the problems tackled in forest economics may have
only a little in common with each other, they all share an underlying economic character
in the sense that economic thought is a meaningful starting point and context in which
to approach them.

Various branches of economics are present in forest economics research. Work done in
the field may apply microeconomics, macroeconomics, welfare economics,
development economics, industrial economics, or environmental and ecological
economics. The work in forest economics may be theoretical or empirical, and common
methods are theoretical, numerical or econometric modeling. Data-based models vary in
the extent and detail level of the data used. The most specific models can be very
detailed ones, utilizing a wide-array of data on plant growth and other data.

Of special interest is defining the relation of forest economics with respect to
environmental, resource and ecological economics. Based on the above description,
forest economics draws heavily on several fields of economic thought. Thus, forest
economics should not be seen as a subdiscipline of environmental economics or
resource economics alone, although an important part of forest economics research does
fall under these subfields of economics. This part of forest economics can be referred to
as environmental economics of forests, or forest resource economics. Yet, another
subfield of forest economics could be referred to as ecological economics of forests (or
forestry), which focuses on the interdependence and co-evolution of forest ecosystems
and economic systems, and which holds on to a normative approach to enhance
sustainability in natural and economic systems, where the economic systems are
regarded as part of the natural systems.

It should be pointed out, however, that forest economics, as a scientific field, precedes
most branches of economics. Its origins go back to the early 1800s, when the economic
value of timber and forestland as investments were first given some systematic
consideration. The paradigm of sustainable forestry developed at that time as well.
Sustainability was understood in terms of forests’ continued capacity to produce timber.

Currently, there are several factors contributing to the increasing demand for the
knowledge offered by forest economic research. The value of forests as ecosystems and
as usable resources is growing and better recognized, as forest resources in many
locations are shrinking or threatened. Forests’ and forest products’ role in mitigating
climate change is also recognized in the international climate regimes. Additionally, as
the nonrenewable sources for materials and energy become scarcer and harder to tap,
and as fossil energy and material sources continue to pollute the climate, forests and
forestry are increasingly valued as a renewable resource sector. At the same time, there
are likely changes in the industrial uses of forests. For example, demand for paper is
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weakening in developed markets, while demand for certain chemical substances
produced from wood is growing. Many societies are also recognizing recreational
values from forests and associated wellbeing. Forest economics, as a discipline, can
offer valuable insights to policy makers and practitioners in designing better ways to
address the relationship between human welfare and forest ecosystems.

In what follows, questions and phenomena that are of interest in forest economic
research are covered. These are themes and topics that the field sheds light on and
provides solutions for related problems.

2. A Fundamental Issue: How to Allocate Forest Resources
2.1. Allocation to Which End?

A fundamental question in economics is that of the optimal allocation of scarce
resources between competing ends. This is also a very basic and fundamental question
in forest economics: what is the best way of dividing forest resources between different
uses. This allocation problem can take the form of dividing a piece of forestland
between tree species, age-classes, size-classes, types of forest management or between
conservation and timber production. But it can also take the form of dividing forest
biomass resources between different end-uses, e.g., between energy wood, wood for
industrial materials, woody biomass for soil fertilization, or wood in standing trees.

One can also think of other types of allocation contexts with respect to forest resources,
such as determining the shares of forestland between publicly owned governmental
forests, community forests, and private family forests or private industrially owned
forests. Another type of division is that between commercial forests, recreational forests
and strictly conserved/research forests.

The allocation problem can be specified for agents at different levels, representing
landowners or users. These can be categorized into three broad groups; entrepreneurs,
consumer-producers and social planners. An entrepreneur may be a forest logging or
management company or a financial asset company owning forestland. These agents
solve the allocation problem by maximizing profits subject to certain constraints.
Consumer—producers may be family forest owners — commonly referred to as non-
industrial private landowners — or community forestry associations, or forest-dwellers.
Consumer-producers maximize their own utility given a set of constraints. Both the
entrepreneurs and the consumer-producers are interested in maximizing their own
benefits from allocating the forest resources. Thus they ignore the benefits (as well as
costs) that accrue to other members of the society (unless they specifically benefit from
altruistic or social motives). These privately ignored effects are the externalities related
to the use of forests. Externalities may be climate related benefits (growing a tree) or
costs (deforestation). Externalities are benefits or costs that are borne by someone else
in the society than the particular decision maker with respect to whom the problem is
defined. It is also these externalities that are included in the social planner’s allocation
problem. By this inclusion the social planner represents the interests of the entire
society. Society, in turn, can be defined to be at the level of a bloc of countries, a nation,
a region within a country or a community.
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The constraints with respect to which profits or utility are maximized are related to
economic, ecological, social and cultural conditions. In modeling work, the economic
conditions typically take the form of budget constraints and the ecological conditions
are often formulized as laws of motions related to biological growth, or as relations
describing management reactions. Social conditions can take the form of legal
restrictions, as in the case of limiting timber harvesting rights or imposing a replanting
requirement.

It is natural that the allocation of forest resources belongs to the core of forest
economics. Besides this, the discipline is interested in allocation of inputs within the
entire society between forest sector and other sectors. Thus, a central question may deal
with the problem of optimal division of land between forests and agriculture, capital
between forest resources and other sectors, as well as labor allocation. From a societal
point of view land allocation may be inefficient implying that welfare losses are
incurred from the misallocation.

Because forest ecosystems are diverse, and because a multitude of substantially variable
goods and services can be derived from forests and through forest management, the
allocation problem is not as straightforward as that of dividing a piece of land between
different uses. It is possible to dedicate a stand of forest for multiple-use forestry so that
it produces several ecosystem services simultaneously. The term ecosystem management
is used to refer to a managerial approach where the multitude of forests’ goods and
services forms the basis of management planning.

It is up to scientific research to determine as to how well a forest can supply e.g. timber
and biodiversity at the same time, i.e., what are the rates of substitution between
different uses of a single forest unit. The question also leads to the question of
efficiency in production; is it beneficial to let tracts of forests to specialize into
producing certain products and services, or should the emphasis be on the multiple-use
of forests. In various instances small and isolated conserved areas do not ensure the
survival of endangered species, in which case it makes environmental sense to
concentrate conservation into larger land areas. Along with possible economic benefits
from economies of scale, this would favor specialization in forestland use between
conservation and commercial purposes.

Sometimes multiple-use is enforced through policies when e.g. commercial timber
production is limited by restrictions to leave certain valuable biotomes uncut. Thus, a
policy may be imposed to integrate environmental considerations into forest
management.

The optimal allocation question is naturally time- and space-specific depending on the
national, societal, environmental and cultural conditions. These factors define the
context for the decision making, and ultimately translate, in modeling work, into profit
or utility function structures. Not surprisingly, the concept of utility function is a very
central one in addressing the optimal allocation of forest resources. Utility is derived
from both economic and financial wealth or consumption but also from forests’
intangible values such as recreation, amenity or aesthetic values. Also future
generations’ wellbeing may enter current decision maker’s utility function; this can
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happen automatically by formulizing future period (discounted) utilities into the current
utility, or it can happen through specific inheritance motive.

Next, a renowned and basic question in forest economics is discussed and related to the
theme of resource allocation.

2.2. On the Classical Optimal Rotation Question: Faustmann and Beyond

Perhaps the single most known problem in forest economics is that of the optimal time
of cutting trees, or the optimal rotation age of an even-aged forest. The classical, and
correct, formulation of this problem was written by Martin Faustmann in 1849.

The problem of the optimal rotation age can be regarded as a problem of divestment. So-
called Faustmann rule states that a tree or a stand should be cut at a time when the
marginal costs related to the timber value and the land value equal the marginal benefits
of leaving the tree or stand growing. This is just to say that the marginal benefits of
cutting equal the marginal costs of cutting. This rule thus maximizes profits from
commercial forestry.

A noteworthy thing is that Faustmann, in his formulation, accounted for the opportunity
cost of the land that a forest is growing on. He did this by taking into account the future
rotations of tree generations and the related delay costs of not freeing the land to let the
next and the following generations evolve. A curiosity around the Faustmann case is
that his teaching and formula were forgotten for a number of decades. Forestry
paradigm claiming that the optimal rotation age is one that maximizes the sustainable
yield, a rotation longer than that of Faustmann rotation, gained ground among foresters
and policy makers.

From scientific point of view this confusion was trivial, because normally profits from
managing forests cannot be maximized by maximizing timber production. However, the
confusion did affect policies fairly widely and for a long time. For example, national
forest policies have been commonly designed around the objective of maximizing
timber supply from forests, instead of maximizing profits or utility. Because this has
implied longer than optimal rotations, the consequence has been that too much
resources may have been held in the form of timber stock as compared to other forms of
assets.

There may be other factors that make the optimal rotation age to become longer from
what is suggested by Faustmann, and make the optimum in fact closer to that of
maximum sustained yield rotation. For example, accounting for the value of carbon
dioxide uptake into forests, a carbon rental system could be envisaged where forest
owners are compensated for the carbon content contained in their forests on a periodic
basis, based on the price of carbon emission trade permits.

Now, accounting for these would make it optimal for the forest owner to postpone the
harvesting of trees, but not necessarily infinitely. This in fact is an example of multiple-
use forestry, where both timber and climate services are produced. Another possibility
to connect forest ownership with climate services would be one, where forest owners
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received emission rights instituted by a cap-and-trade system, such as the European
Trading System (ETS). These rights could be designated against carbon content in
mature forests. The owner would have to turn them back at the time of cutting the trees.
During the time of holding these emission rights, they would serve as an asset for the
owner, thus creating an incentive to postpone the harvesting of the forest. However, this
incentive would be dependent on the price expectations concerning both carbon and
timber prices.

One might also ask whether a forest owner should be compensated also for the climate
benefits of harvested timber down the route to its further uses. Wooden buildings do
produce climate benefits as long as they store carbon in the wooden structures. Also,
using wood as an energy source produces climate benefits as long as this replaces fossil
non-renewable energy sources.

Thus, wooden structures contribute to creating a carbon sink, and wood based energy
helps offsetting the impact of burning fossil fuels. If these climate benefits were
compensated for the forest owner, this would again change the optimal rotation.
However, one can argue that compensating forest owners for these down-the-road
benefits would blur the chain of forest-based climate externalities and an incentive
system built around them. Externalities should be accounted where they are created.
Therefore, for example, a home-owner selecting wood as a material for his house could
be subsidized.

The way a forest owner would benefit from this is through higher timber prices, as the
demand for wooden homes and thus for timber would increase. On the other hand, a
system such as the ETS accounts for the wood energy climate benefits by treating wood
as CO, neutral energy source. This is based on the notion that forests are a renewable
source of energy.

Besides accounting for the climate benefits of standing timber, there are also other
reasons why a forest owner would optimally select a longer rotation age than the one
suggested by Faustmann rule. Namely, forest owners very commonly care for non-wood
values, or amenity (in situ values) of their forests. This fact does imply longer rotation
periods and older forests. These older forests produce public goods.

When private forest owners do value these amenity functions of forests, it is an example
of collective action, where public goods and services are produced by individuals who
benefit from them at least as much as it costs them to produce these services. (Note that
at this point, nothing is yet said about whether the amount of privately produced public
goods is optimal from the society’s point of view.)

Of interest here is to link the above discussion about Faustmann and the question of
optimal rotation to the discussion of optimal allocation of forest resources. In his model,
Faustmann treated time as a continuous variable. However, this classical one-stand
model in forest economics can be extended to cover multiple stands, and presented
analogously as a discrete-time model version. And once this is done, the question of
optimal cutting time turns to the question of optimal periodic age-class distribution of
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the forestland. Thus, an optimal timing problem can be translated into an optimal
dynamic land-use problem.

3. Forest Economics and Policies
3.1. Sectoral Interlinkages

A large body of forest economic research deals with public policies targeting forest
resources either directly, or targeting the forest sector more generally. Policies targeting
the forest sector are those that are relevant for the use of forest resources and the way
forest sector operates. One should note that the term “forest policies” is typically
understood in a more narrow fashion than this. In its narrow sense, forest policies
concern institutions and policy tools that focus directly on the use of forest resources,
such as forestry laws and regulations, support and information programs for forest
management, or organizational structures directly designed for forestry issues. Forest
policies can be categorized to fall into the economic regulation, legislative regulation
and informational regulation.

The wider angle on the economic analysis of policies concerning forest sector is needed
because of the interlinkages between various sectors. Policies planned primarily to
affect other sectors may have profound consequences in the forest sector, such as
subsidies for agriculture, or the legislation concerning energy sector. The converse is
true also — policies meant to affect forest management can have far-reaching
repercussions in other sectors; as an example, subsidies for forest residue collection for
energy purposes have impacts on the entire energy sector.

Recently interlinkages between forest sector and other sectors such as energy sector,
and environmental sector, have intensified. This also highlights the need for a more
comprehensive policy analysis. Components of forest resources are more commonly
used as a source of renewable energy, and thus the entire forest sector is influenced by
policies carried out in the energy sector. For example, the European Union (EU) 10
percent biofuel target for liquid fuels, or the 20 percent twin-targets for CO, emission
cuts, and for the share of renewable energy out of the total energy consumption, will
have profound impacts in the forest sectors both in Europe and globally. Similarly,
biodiversity protection policies in many cases target mostly forest environments.
Furthermore, there are some overreaching legislature and policy measures specifically
in the economic policies that are meant to all sectors including forest sector, such as
income taxation policies. In forest economics research these are vitally important policy
fields that need to be understood and accounted for.
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