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The study proposes a technique which enables the computation of user-defined indices
for species diversity. These indices are derived from characteristics, called diversity
indicators, of inventory plots, stand compartments, and the whole forest holding. The
study discusses the modifications required to be made to typical forest planning systems
due to this kind of biodiversity computation. A case study illustrating the use of the
indices and a modified forest planning system is provided. In the case study, forest-level
species diversity index was computed from the volume of dead wood, volume of
broadleaved trees, area of old forest, and between-stand variety. At the stand level, the
area of old forest was replaced by stand age, and variety was described by within-stand
variety. All but one of the indicators were further partitioned into two to four subindicators. For example, the volume of broadleaved trees was divided into volumes of
birch, aspen, willow, and other tree species. The partial contribution of an indicator to
the diversity index was obtained from a sub-priority function, determined separately for
each indicator. The diversity index was obtained when the partial contributions were
multiplied by the weights of the corresponding indicators and then were summed. The
production frontiers computed for the harvested volume and diversity indices were
concave, especially for the forest-level diversity index, indicating that diversity can be
maintained at satisfactory level with medium harvest levels.
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1 Introduction
1.1 Diversity Indicators
Forest management affects the forest ecosystem
through stand treatment. When species biodiversity is among the management objectives, it is
important to know how diversity is affected by
stand treatment and natural stand development. In
forest planning, diversity needs to be connected to
those properties of individual stands, which are
controllable by the forest manager; the diversity
measure is useless in forest management planning
unless the dependence of the measure on the characteristics of the stand compartments is known.
Therefore, stand characteristics form the basis for
biodiversity computations in forest management
planning.
The simplest way to measure species diversity
in forest planning is to relate it directly to stand
characteristics. This is the most sensible way
when the habitat requirements of different species and their contributions to overall species
diversity are poorly known. The characteristics
used for predicting diversity may be called diversity indicators.
In commercially managed forests, species diversity can be conserved in different ways. One
way is to exclude small enclaves within production forest, so-called key biotopes and other habitat patches of rare species, from timber harvesting operations. Practices preserving or enhancing
diversity may be used outside key biotopes, e.g.
managing forests so that the volume of deadwood
material accumulated increases. A network of
ecological corridors and stepping stones with special management may be arranged to enable the
movement of organisms between habitat patches.
The central task of forest planning is to compare
the consequences of different management options
for a given area, so that the option with the most
favourable consequences may be selected. Assuming that the most important key biotopes and occurrences of rare species are always protected, as
stipulated by the present forestry legislation of
Finland, the decision alternatives do not differ
from each other in this respect. Therefore, it is not
necessary to include key biotopes or habitats of
rare species in the diversity measure that is developed for the comparison of forest plans.

418

research articles

Based on this rationale, forest planning needs
estimators that relate species diversity to characteristics which are controllable by the forest manager and relevant to species diversity. An additional requirement is that these characteristics
must be easily measurable and their future development must be predictable.
The most commonly mentioned indicators of
species diversity of managed forests in Finland
are the quantity of deadwood, volume of certain
broadleaved tree species, area or existence of old
forests, and within-stand and between-stand variety in the ecosystem (e.g. Red Data Book of Finland 1992, Haila et al. 1994, Kouki 1994, Kuusipalo and Kangas 1994, Raivio 1995). Lack of
charred wood has also been mentioned as a factor
limiting biodiversity (Parviainen and Seppänen
1994). However, unless prescribed fire is used as
a silvicultural treatment, the decision alternatives
do not differ from each other in this respect.
There is usually plenty of dead and decaying
wood in the forest in the forms of stumps, roots
and small trees. The factor limiting species richness are usually the large stems of different tree
species in different stages of decomposition.
Standing deadwood and downwood are different
habitats, and they may be used as separate diversity indicators.
Lack of broadleaved trees often decreases diversity in Finnish forest ecosystems. Some species, e.g. aspen (Populus tremula) and some willow species (e.g. Salix caprea), are often regarded to be more important than the others.
The area of old forest is another diversity indicator. However, old forest is a vague concept. In
managed forests there are but few stands older
than the normal rotation lengths, and the increase
in the amount of such forests, therefore, improves
the ecosystem's diversity. These 'commercially
old' forests are not, however, 'biologically' old,
the latter being better from the viewpoint of biodiversity. Because commercially and biologically old forests are different habitats, there is a need
to divide old forests into at least two categories.
Increasing the amount of deadwood, the volume of broadleaved trees and the area of old
forests usually enhances the diversity in a commercially exploited forest. Variety of the habitats may also be used as an indicator of species
diversity. Forest-level variety may be described
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for instance in terms of the length of the boundaries between different kinds of forest stands. This
way of describing variety also measures the length
of the edge zones between different habitats
(Pukkala et al. 1995). At the stand level, variety
may be measured via the within-stand variation
of stand characteristics, such as tree size, species
composition, and stand density.

1.2 Diversity Index
Determining the manners in which the indicators
contribute to the diversity yields an exact diversity estimator, which may be called as diversity
index. As long as species diversity cannot be
unambiguously measured in the field, this definition is more a subjective agreement, or decision, than the result of statistical and objective
computation. Important issues to be responded
to are those of who is authorised to place weights
to the indicators, and by which technique the
estimator is developed.
As long as there are no officially stipulated
diversity measures, the decision-maker himself
has the right to determine the diversity indicators and their weights. The weights reflect his/
her values and his/her conception of diversity. If
the decision-maker feels unable to personally
define the diversity measure, he/she may invite
one or several specialists to make the evaluation.
A forestry organisation may also agree about a
common estimator based on the opinions or recommendations of one or several specialists.
If several decision-makers or specialists are
involved, it is possible to use the averages of their
evaluations as the definition, or to seek consensus
(Kangas et al. 1993, Alho et al. 1996). A frequently
used method with several decision-makers or experts is the Delphi technique; the opinions of persons are gradually converted into an agreement or
common opinion (Dalkey and Helmer 1962).

1.3 Scales of Measurement
Diversity occurs on different scales, and the relevant scale is not constant. For some planning situations, and for some species, small-scale measurement is important, whereas in other cases

large-scale evaluation may be required. In routine
planning of non-industrial private forests, the largest unit is usually the forest owned by one decision-maker, typically an individual forest holding.
Usually there is not enough knowledge on the
neighbouring forests and, more importantly, the
neighbouring forest is not under the control of the
said decision-maker. Therefore, the development
of this forest is unknown, making it useless when
comparing the decision alternatives. A completely
new planning approach, including practices of
information sharing and group decision making, is
needed to facilitate landscape-level planning of
private forestry in Finland.
The other scale, for which species diversity
needs to be computed, is that of a stand compartment. This scale is needed when comparing management options for individual compartments,
but it may also be an important characteristic in
forest-level decision-making. At the forest level,
good average stand diversity may be a management objective.

1.4 Purpose of This Study
Kangas and Pukkala (1995) proposed a method
for comparing alternative plans with respect to
forest-level diversity. Their method which is
based on the rationale given above, is applicable
in routine numerical forest planning. The method is suitable to the forest-level diversity assessment only, and the estimator is quite rough.
One consequence of practical biodiversity conservation is that of avoiding vast contiguous clearfell operations. The practice of making several
small openings in mature forest and leaving uncut areas in-between has become increasingly
common in practical forestry. The same applies
to the use of mixed strategies and combinations
of methods in stand regeneration (henceforth referred to as partial treatments).
The present study's primary purpose was to
improve the capability of a planning system to
accommodate diversity indices from what was
presented by Kangas and Pukkala (1995). First,
the possibilities to measure forest-level diversity
index were enhanced. Secondly, corresponding
computation system for stand-level diversity was
developed. In the resultant planning system, each
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