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Applications of Tree Growth Modelling
in Decision Support
for Sustainable Forest Management
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Abstract. Multi-functional silviculture and sustainable forest management in Europe was
recently defined by the Helsinki Resolution H1 (MCPFE 1993). Sustainable development
(SD) is associated with abandoning the concept of even-aged forests. In view of this
extended SD perception, the conventional forest planning procedure has to be revised. By
relying on yield tables and the model of normative forests at the overall enterprise plan-
ning level, the conventional results become increasingly irrelevant in forest management.
Such outdated planning tools do not provide the information needed for multi-criteria
strategic planning. Modern strategic forest planning and decision-making require appro-
priate tools and technologies, such as forest growth simulators, evaluation and optimisa-
tion algorithms, geographical information systems, sample-plot data and visualisation
routines, most of which are supplied by forest growth and yield science. The main aspect
is to combine these tools and integrate them into decision support systems supporting
the planning and decision processes at the enterprise level. In particular, the application of
forest growth simulators will enable an improved SD evaluation and a more flexible adjust-
ment between single stand and total estate planning. Simulation models can replace com-
mon indicators with aggregated dynamic long-term indicators. Management alternatives
can be analysed with regard to their estate-referring and long-term consequences. In this
chapter, we will point out: (1) how forest planning and decision-making can evolve from
monitoring forest development to strategic planning, (2) how the Pan-European criteria
can be used for monitoring and strategic planning of SD at estate level, (3) how available
forest planning data can be best utilised for the planning process, and (4) what could be
contributed by forest growth and yield science to developing decision support systems for
multi-criteria forest enterprise planning.
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7.1
Introduction

For almost 300 years, ordinary forestry has been arranged according to the de-
mands of sustainability (e.g. von Carlowitz 1713; Hundeshagen 1826). The mod-
ern perception of multi-functional silviculture is reflected in the Helsinki Reso-
lution H1 (MCPEE 1993, p. 1), in which sustainable forest management is defined
as: “The stewardship and use of forests and forest lands in a way, and at a rate, that
maintains their biodiversity, productivity, regeneration capacity, vitality and their
potential to fulfil, now and in the future, relevant ecological, economic and social
functions, at local, national, and global levels, and that does not cause damage to
other ecosystems”. The six Pan-European criteria and indicators of sustainable |
forest management (Table 7.1) negotiated at the Lisbon Resolution L2 should sup- /
port the coverage of sustainability and their operational implementation (MCPFE ]
1993).In view of this extended perception of sustainable development (SD), which
is associated with abandoning the concept of even-aged forests, the convention- ;
al procedure of forest planning has to be revised (Hanewinkel 2001; Spellmann \
et al. 2001; von Gadow 2003). Increasingly, its usefulness is restricted by: (1) defi-
cient flexibility in terms of strategic planning, (2) a limited applicability for une-
ven-aged forests and variable management procedures, and (3) insufficient inte-
gration of those silvicultural functions that exceed timber production. Using yield ‘
tables and the model of normative forests to measure forest growth at the overall \
enterprise planning level is becoming increasingly outdated. These planning tools
do not provide the information needed for multi-criteria planning. On the other

Table 7.1. Pan-European criteria 1-6 and corresponding indicators for sustainable forest de-
velopment. (Adapted from MCPFE 1993)

Criteria Indicators (examples) )

1 Forest resources Forest area, carbon storage, age and volume structure, ...

2 Forest ecosystem |
health and vitality Chemical soil state, defoliation, deposition of \

nutrients/pollutants, ...

3 Productive functions Growth, felling budget, non-wood products, ...

4 Biological diversity Tree species diversity, orientation by nature, share of dead P
wood, landscape diversity, ... ‘

5 Protective functions Share of forest area for protection of climate, soil, water, ...

6 Socio-economic functions Net financial yield, number of employees, natural scenery, ...
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hand, apart from sample plots, site classification, etc., information is available that
is barely utilised by the conventional forest planning procedure.

Modern strategic forest planning and decision-making require appropriate
tools and technologies partially supplied by forest growth and yield science. For
us, the main aspect is to combine the forest growth simulators with evaluation
and optimisation algorithms, geographical information systems, sample-plot da-
ta or visualisation routines and integrate them into decision support systems sup-
porting the planning and decision processes at the enterprise level. Applications
of these methods and technologies - and dealing with the problems in the plan-
ning process - give transparency to the decision pathways, enable participation
and negotiation with politicians and therefore pave the way for a strategic goal-
orientated forest enterprise management.

This chapter highlights how forest planning and decision-making may evolve
from monitoring forest development to strategic planning, how the Pan-Europe-
an criteria can be used for monitoring and strategic planning of SD at estate level,
how available forest planning data might be best utilised for the planning process,
and what can be contributed by forest growth and yield science to developing de-
cision support systems for multi-criteria forest enterprise planning.

7.2
Setting the Stage - Decision Support Systems and Tree
Growth Models for Strategic Forest Enterprise Planning

7.2.1
Decision Support Systems

Strategic forest enterprise planning due to multiple planning objectives is a
typical field of application for decision support systems (DSS) with many com-
plex and unstructured problems (Bonczek et al. 1981). A DSS to support such
planning decisions can be structured according to the theory of a rational objec-
tive-orientated decision (Bamberg and Coenenberg 2002). Therefore, it will be de-
signed to evaluate a set of different management alternatives as well as integrat-
ing multiple planning objectives, by the fulfilment of which the management al-
ternatives will be assessed (Sodtke 2003). DSS are defined as systems utilising da-
ta and modularly integrating several models and methodical components for the
different tasks of problem solution and decision-making (e.g. Turban 1990; Jans-
sen 1992; Rauscher 1999). Many tools and technologies are available to support
decision-making at estate level, most of which are supplied by forest yield and
growth science. Examples include forest growth simulators, forest inventory data-
bases, geographical information systems (GIS), visualisation systems and evalu-
ation and optimisation algorithms (Sodtke et al. 2004). Forest growth simulators
serve for running scenario simulations, for analysing the long-term consequenc-
es of management alternatives, and for scaling the results at different spatial and
temporal levels. GIS and visualisation routines illustrate these consequences on
stand and landscape dynamics and pave the way for participative planning. With
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the use of evaluation models, simulation results can be structured, evaluated and
passed on to the decision process: different planners’ objectives and priorities
leading to differing valuations of the same states and management actions can be
revealed, and multi-criteria functional and sensitivity analyses can be conducted.
All these tools should be combined to form comprehensive DSS for the purposes
of strategic forest enterprise planning.

7.2.2
Enterprise Simulation as the Backbone of Strategic Planning

Simulation models promise an improved evaluation of SD and a more flex-
ible adjustment between single stand and total estate planning. In the case of a
particular objective, they may support identifying the optimum management al-
ternative. Provided that growth models are applicable for stands of diverse mix-
ture and age structure as well as for simulating realistic growth dynamics for a
wide range of management alternatives, they might replace the common area-
specific or volume-specific indicators for measuring the annual felling volume.
These indicators lose significance in abandoning the concept of even-aged for-
ests; equation-based indicators do so when measured growth rates deviate from
expected values of yield tables. In contrast, simulation runs with growth mod-
els may replace common indicators in aggregating long-term growth dynamics
caused by defined management strategies at stand and stratum level and trans-
fer them to estate level. Models directly return long-term dynamics of growing
stock, increment, property value, financial return, structural indices, diversity of
tree species, etc. SD indicators based on the model of normative forests or yield
tables become redundant.

The advantage of enterprise simulation runs performed by growth models in
fact lies in its improved planning flexibility: undesired dynamics at estate level
can be identified and corrected by a changed planning procedure at stand or es-
tate level. The recursive procedure Speidel (1972, p. 162) strives for - “corrections
are repeated as long as a convenient adjustment between singular and total plan-
ning is attained” - has proven to be elaborate, laboured and barely feasible with
planning of sustainable timber production in even-aged forests. In uneven-aged
forests with a wider range of management models and SD criteria, a recursive
procedure is only possible with support of simulation models.
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7.3
From Monitoring Forest Development
to Strategic Planning

7.3.1
Monitoring

The criteria verifying sustainable forest development — negotiated at the Eu-
ropean level (MCPFE 1993) —are characterised quantitatively by associated indi-
cators aiming at a practical application from forest enterprise to the national lev-
el (Spellmann 2003). Indicators such as diversity of tree species, orientation by
nature, proportion of dead wood within the standing or lying stock, and vertical
stand structure have to be deduced from forest inventories. They can, for exam-
ple, be used to determine the criterion ‘biodiversity’.

For deriving indicators and determining the catalogue of criteria, a large va-
riety of sources of information are available. For this, inventories of forest enter-
prise planning, constant ecological monitoring plots, maps of soil and site char-
acteristics, and immission load maps are very revealing sources. Having collect-
ed this information, a multi-criteria impression of forest enterprise development
evolves. For example, previous development can be compared with the enter-
prise’s planning objectives. With this procedure - among others - objective fulfil-
ment, erroneous trends and necessary corrections can be readily identified. How-
ever, criteria and indicators derived with such an application are restricted to in-
formation, data and knowledge that already exists.

Let us assume that forest development within the period [t, t ] according to
a referred site unit (e.g. stand, stratum, estate, growth region, state) is character-
ised by the indicators [, ..., I ] (cf. Fig.7.1). Let indicators [I}, ..., I ] be growing
stock, volume increment, net financial yield, diversity, protective functions, etc. If
this forest evolves to the states [W, ..., W ] the development may be document-
ed by repeated measures of the aforementioned indicators (by inventories, ran-
dom sampling, visual valuation) at the points in time [t, t_]. The dynamic states

T T T T T T

to tm to tm to tm
Fig. 7.1. Application of the indicators [l4, ..., 1] for multi-criteria forest monitoring in the time
span tq to t,,. Solid lines represent the target value of the indicator; broken lines show the crit-
ical levels

I —————
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[W,,... W, ] can be compared with fixed target values, e.g. for tree species com-
position, growing stock, return on financial investment (cf. Fig. 7.1, solid lines).
Furthermore, it will be evident whether observed dynamics evolve within a pre-
defined target corridor, e.g. between specific limits for felling volume, financial
yield, liquidity, critical levels for deposition or emission rates (cf. Fig.7.1, dashed
lines).

In our example (Fig.7.1) at the initial point in time to (black circle), indica-
tor I, deviates slightly from the target value but remains within the desired cor-
ridor the whole time. On the other hand, I, (e.g. growing stock) evolves in a to-
tally undesired way. Indicator I (e.g. structural diversity) at first evolves in a tar-
get-orientated manner, but then converges to the lower limit and falls below it.
The wider the topical range of the indicators [I}, ..., 1], the more comprehensive-
ly the dynamics can be reported, and the more criteria can be integrated for er-
roneous trends to be made obvious and demands for corrections to be made evi-
dent. The potential demand for corrections depends on the weighting of the par-
ticular criteria. The weighting results from the predefined objective hierarchy ap-
plied by the decision-maker.

7.3.2
Simulation and Scenario Analysis

However, using criteria and indicators only for monitoring, documentation
and evaluation does not comply with our aims. In fact, effects of criteria and in-
dicators will not become apparent until they are integrated into the planning and
decision-making process. In such long-living systems as forests, long-term effects
of the actual management have to be considered.

For this, growth models are the suitable tools; simulation is the target-orien-
tated method. Enterprise simulation enables a planner to test and evaluate differ-
ent management alternatives (e.g. tending strategies, final cutting rates, changing
of tree species composition) and their long-term consequences for estate devel-
opment. If possible, besides the classical variables of timber production (cf. Ta-
ble 7.1, criteria 1 and 3), scenario simulations should also contain indicators of
further criteria. In this case planning alternatives can be evaluated (simultaneous-
ly at stand, stratum or estate level) according to their multi-criteria objective ful-
filment. By integrating them into enterprise simulation, SD criteria and indicators
— which otherwise would be limited to their controlling and verifying functions -
are realised in the planning process.

Figure 7.2 outlines the usage of indicators [, ..., 1] for strategic planning and
decision-making: starting from the initial state of the referring site unit at time
t0 (black circles), management alternatives (A, B, C) are simulated [e.g. continua-
tion of the present even-aged forest (A), conversion of pure Norway spruce stands
into mixed stands of Norway spruce and common beech (B), increasing cultiva-
tion of Douglas fir (C)]. Analysis of these scenarios reveals the consequences of
management alternatives in a long-term run. Regarding all criteria in our exam-
ple scenario, scenario C remains close to the target value, while scenarios A and
B are sub-optimal. Scenario simulations are an important prerequisite for a mul-
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Fig.7.2. Application of the indicators [ly, .., I;] for strategic forest management. Trajectories
A;, Bj and C; show the simulated dynamics of Iy, - In] in time span [ty, t,] as a result of al-
ternative management regimes. Solid lines represent the target value of the indicators; broken
lines show critical levels

ti-criteria evaluation of management alternatives. Analysis of indicator dynamics
may replace area-specific, volume-specific or equation-based indicators. With the
observed indicators covering a broad range of characteristics and their long-term
dynamics, multi-functional SD can be made operational.

7.4
Simulation Models as a Tool for Strategic Planning
and Decision-Making of Sustainable Development

The significance of silvicultural growth models and forest growth simulators
results from the longevity of trees and stands. Because of the long growth peri-
ods covered, recently adopted silvicultural management strategies normally can-
not be examined within field trials. The examined silvicultural management strat-
egies would have become obsolete or forgotten before these long-term surveys
are completed. Therefore, forest science derives functional relations from experi-
ments and combines them into models of forest development. With those models,
it is possible to simulate the system’s behaviour in fast motion or “if-then” anal-
yses. Through simulation, ecological, yield-referring and micro-economic conse- |
quences of management strategies or natural disturbances can be emulated with
the model. Biogeochemical or ecophysiologically based process models outline
limits (e.g. constraints in terms of critical inputs and outputs, actions and states)
in which forestry can act without putting the stability criteria of the systems to
be managed at risk (Fig.7.3). To fix those constraints, permanent ecological ob-
servations, soil surveys and site mappings may contribute. Socio-economic con-
straints include estate management, protective regulations and forest laws. Once
those constraints have been fixed, management models may help identify the op-
timal stand management for a given initial state and within the predefined corri-
dor. In the example of the growth simulator SILVA which follows, it will be shown
how management alternatives may be tested by enterprise simulation for their ef-
fects on the total estate, given an initial state and management objective. SILVA

—_—
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Fig. 7.3. Management models support the decision within a given decision corridor (framed ar-
rows) by simulating long-term consequences of management alternatives (mobile arrows)

2.2 stands as a proxy of a new model generation which the models BWIN, PROG-

NAUS and MOSES also belong to (Hasenauer 1994; Sterba et al. 1995; Nagel 1999).

Possible applications of SILVA 2.2 extending from tree to state level are exempli-

fied at estate level (Pretzsch et al. 1998; Dursky 2000; Miiller 2000). Application

and evaluation of the SILVA simulator on other spatial scales are discussed by

Knoke (1998), Hanewinkel and Pretzsch (2000) and Duschl (2001). The advantage

of these model applications compared with abstract comparisons of alternatives

is the consideration of numerous initial states at time to.
Figure 7.4 outlines four steps of strategic enterprise planning and decision-
making in which growth models are applied:

1. All stands or sample plots registered by inventories are first assigned to specif-
ic strata by cross-classification. Strata may be typical classes of sites/stands or
tree species/growth dynamics. With this procedure, a middle course between
arough and therefore less significant stratification and a too fine stratification
with a number of strata similar to the number of stands is chosen. Indicator
stands are then chosen representing defined strata. Indicator stands serve as
the estate’s yield classification (e.g. calibration with basic forest inspections)
and define management alternatives. By applying a yield-referring growth
model, economic and ecological consequences of the alternatives can be ana-
lysed. Discussing “if-then” relations of alternative management actions on in-
dicator stands serve as a quantitative basis for objective definitions and objec-
tive agreements.

2. Management alternatives developed for indicator stands are assigned to as-
sociated strata. Using inventory data, simulation runs are carried out for all
strata, highlighting the long-term consequences of the defined management
strategies, e.g. for timber production, financial value increment and stability.
Among others, global cutting rates are gained for each stratum and the set of
chosen management alternatives.
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3. After having assigned every inventory plot to a stratum and an appropriate

stratum-specific management - or a set of managements - the total enter-
prise dynamics can be simulated. With this, it is possible to analyse the con-
sequences of stand- or strata-referring management actions on long-term en-
terprise development. To avoid an undesired development at estate level, man-
agement strategies defined for the strata can be modified or combined in a dif-
ferent manner if necessary. With the model aggregating individual decisions
from stand or stratum level to estate or higher levels, the advantages of differ-
ent individual decisions become clearer. Simulation runs over several decades
may reveal long-term consequences of chosen management alternatives at es-
tate level, e.g. shortages in liquidity, deficits in specific assortments, etc. One
may react to undesired dynamics at estate level by reconsidering or adjusting
management strategies at stand or stratum level (feedback arrows in Fig. 7.4).
It is exactly this that paves the way for strategic planning and decision-mak-
ing at estate level.

Established management strategies for the defined strata, management-refer-
ring yield tables with global cutting rates, and thematic maps showing yield-
referring, economic and ecological values of indicator stands - representing
strata, stands, inventory plots and the total estate — are fundamental bases for
silvicultural management.

Figure 7.5 shows the dynamics of annual volume increment, growing stock,

cutting rate and net return from timber sale simulated by SILVA 2.2 within a 30-
year period after the 2000 forest inventory in the Municipal Forest of Traunstein.
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Fig. 7.5. Annual volume increment, growing stock, cutting rate and net return from timber sale
for the forest estate Traunstein, southern Germany, simulated with different thinning alterna-
tives applied: (1) A-value based thinning, (2) selective thinning, (3) final crop-tree thinning. De-
pending on the applied thinning regime, the growing stock stabilises, increases or decreases

With this example, the conceptual considerations discussed in Section 7.3.2 (see
Fig.7.2) are exemplified. The reference shows the dynamics of the A-value-based
conditions. The strategy of final crop-tree thinning is superior to selective thin-
ning in cuttings and net return and would lead to a significant growing-stock de-
crease accounting for 426 m>/ha at present to about half the amount in 30 years.
This management strategy would not be compensated by a higher increment,
such that a sustainable net return would be put at risk. Selective thinning only
would lead to a slight growing-stock decrease and therefore stabilise net return.
Similar considerations could also be carried out for all other yield-referring, eco-
nomic and ecological variables calculated in simulation runs. Only estate-level
simulation of that kind reveals the long-term consequences of chosen manage-
ment alternatives for the forest enterprise.

7.5
Spatially Explicit Modelling and Visualisation

of Natural Scenery

Planning decisions, like tree species selection, thinning and regeneration, have
impacts on the natural scenery and therefore on protective and recreational func-
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Fig. 7.6. Visualisation at landscape level. Development of Norway spruce/common beech
mixed stands in the Traunstein forest estate, Germany, from age 25 to 125 (from top to bottom).
Left column Without management; middle column thinned from above with moderate promo-
tion of beech; right column heavy promotion of beech

tions (cf. Table 7.1, criteria 5 and 6). To support decision-making, appropriate com-
puter programs can be used to visualise the long-term consequences of manage-
ment alternatives. From available data of landscape relief, surface structure, stand
boundaries and stocking type, three-dimensional landscape views are generated,

rwrCrose e
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enabling a user to look down from an arbitrary viewpoint. By coupling with an
individual-tree-based growth model, static records can be assigned to a dynamic
view (Pretzsch and Seifert 2000). This is shown in Fig. 7.6 by a section of the Mu-
nicipal Forest of Traunstein. The initial situation forms a 25-year-old mixed stand
of Norway spruce and common beech. This stand, with an area of about 5 ha,
is at first displayed in its present condition by the visualisation program L-VIS
(Fig. 7.6, upper row). In a second step, the stand development is simulated with an
individual-tree growth simulator. In this simulation example, the growth simula-
tor SILVA is used between the ages of 25 and 125. Three management alternatives
are compared for simulation: (1) development without any silvicultural manage-
ment, (2) moderate promotion of beech by thinning from above, and (3) strong
promotion of beech by thinning from above. The results of these alternatives can
be visualised (Fig. 7.6, left, middle and right columns, respectively). With no man-
agement, a homogeneous pure spruce stand evolves (left column). Without active
promotion, beech underlies spruce and fails almost completely until the age of
125 due to self-thinning. With moderate promotion at the end of the simulation,
beech’s share accounts for 20%; with strong promotion it accounts for 50%.

Visualisation is based on scenario simulations with individual-tree models re-
producing tree and stand dynamics spatially. In these types of models the sin-
gle tree forms the basic informational unit. Its diameter, height, crown base and
crown base position are modelled depending on site characteristics, competition,
disturbances, silvicultural management, etc. The level of abstraction in the mod-
el is identical with the level of biological observation. For weighting up different
planning alternatives and for deliberations with stakeholders in silvicultural plan-
ning, visualisation may evolve into an effective tool in participative planning and
decision-making processes.

7.6
Structural Diversity and Biodiversity

Trees, forest stands and silvicultural landscapes are components between,
within or by which physical, biological or ecological processes are running.
Stand or landscape structure therefore affects habitat suitability and biodiversi-
ty (Fig.7.7). For example, stand structure determines the abundance and popula-
tion dynamics of owls, woodpeckers and bears to such an extent that it may serve
as an indicator for evaluating habitat quality and managing population dynam-
ics (Letcher et al. 1998; Wiegand 1998). The close relationship between structures
of stands and trees and their colonisation by birds, beetles, spiders, lacewings
and bugs is pointed out among others by Ellenberg et al. (1985) and Ammer and
Schubert (1999). Knowledge concerning relations between structural characteris-
tics and habitat or species diversity is still fragmentary. However, it is common-
ly agreed that with a rising structural diversity, the diversity of animal and plant
species also increases (Haber 1982). Thus, structural characteristics account for
easy-to-measure unspecific indicators for potential biodiversity of forest ecosys-
tems (Ulrich 1999). Structural characteristics can be more easily surveyed and in-
ventoried on a larger scale by forest inventories than number, density and diver-
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Fig. 7.7. Schematic relationship between structur-
al diversity and species/habitat diversity. (Adapted
from Begon et al. 1991)
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sity of single animal or plant species themselves. Because of the high measuring
costs, these can only be measured selectively, but they strongly correlate with the
widely available structural variables. From this point of view, structural values -
already known from forest inventories or otherwise easy to measure — serve as
indicators monitoring detailed but difficult-to-access information. If structural
characteristics are integrated into growth models, they might enter strategic plan-
ning (cf. Sect.7.2.2).

7.6.1
Identifying Structures at Estate Level: the Species Profile Index

As an example, the index A, is introduced, describing the allocation of the
stand space by tree species (Pretzsch 2002). The index may be calculated from
inventory data and correlates with the habitat suitability of deer, hollow-nesting
birds and deadwood-colonising organisms as well as with recreational functions
and aesthetic values (Pott 2002). This index enables the description of a stand’s
structural state. From repeated measurements, structural changes can be quanti-
fied.

The index A, is based on the index of Shannon (1948). For its calculation a
stand is divided into three height layers j=1, 2, 3, representing 0-50, 50-80 and 80-
100% of stand maximum height, respectively. By enumeration, the number of in-
dividuals of species 7 in layer j is identified. Summing-up the products of species
share and logarithmic species share for i=1 to S species and j=1 to Z height layers
results in an index quantifying biodiversity and vertical allocation of species in a
forest stand. The maximum index value with given species number S and layers Z
is A =In(S-Z). Therefore the index A_;

S Z
_ .- Inop..
- Zp,] " Pi (Eq.7.1)

=l =1 '
Arelw 1n (SZ) 100
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denotes how close a given stand structure is to the maximum structuring pos-
sible with the given species abundance. Equation (7.1) consists of: (1) S or number
of occurring species, (2) number of height layers (Z, in this case three layers), (3)
species share in layers (Pij)
n;;

b

pij:

(4) number of individuals of species i in layer j (n; ) and (5) total number of
individuals (N). Instead of height layers, diameter classes may also serve as an in-
put to the index. Figure 7.8 shows the species profile index A , for pure and mixed
stands of Norway spruce (Picea abies L.) and common beech (Fagus sylvatica
L.). The index adds up to 100%, ranging from pure spruce stands (4,,=26.5%)
to even-aged spruce-beech mixed stands (4,,=79.0%) and uneven-aged spruce-
beech mixed stands (4,,=92.1%).

7.6.2
Scale-Comprehensive Indicators

The In(species number A)-In(area F) diagram (Fig.7.9) denotes the efficien-
cy of using sample plot data for describing stand structures giving information
regarding the o, B and y diversity of tree species (Whittaker 1970). This analysis
starts with identifying the number of tree species A, at an inventory plot with the
area F,. The identification shows the first tuple [A,, F,]. Now, around the centre
of the inventory plot concentric circles with stepwise increasing radii are set. For
each of these circles k,  the number of appearing tree species and the enclosed
area may be 1dent1ﬁe(f Specxes numbers A,  are recorded against the respec-
tive circle areas F L. , in a double- logarlthmlc In(A)-In(F) diagram (Fig.7.9). In
order to obtain stable information for an observed region, many or all inventory

el

Are = 26.5 Aret = 79.0 Aget = 92.1

Fig. 7.8. Species profile index A, applied to a pure Norway spruce stand (/eft), an even-aged
mixed stand of Norway spruce and common beech (middle) and an uneven-aged mixed stand
of spruce and beech (right). Structural diversity increases from /eft to right with A 4=26.5, 79.0
and 92.1%, respectively
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Fig. 7.9. Schematic determination of «,
B and y species diversity. The number
of species A based on inventory data is
plotted against area F in a double loga-
rithmic grid. In(A)/In(F) regression ena-
bles diversity quantification from point
to regional scale
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plots must be analysed repeatedly. The resulting scatter-plot is smoothed by re-
gression analysis with the model

InA=a+b-InF+¢ (Eq.7.2)

Parameters a and b denote the information on horizontal characteristics of
species numbers within a region. If we are interested in the expected species
number in an observed micro-area (« diversity), this can be identified directly
from the regression line. Species numbers increasing with increasing areas (8 di-
versity) is represented by the gradient b. To obtain the total number of tree species
within a region (y diversity), its area is applied to Equation (7.2).

The In(A)-In(F) line summarises information on horizontal characteristics of
biodiversity and forms an indicator for habitat diversity (Rosenzweig 1995). It is
appropriate for state description and diagnosis of changes in species composi-
tion as well as for characterising and evaluating planning alternatives (monitor-
ing and strategic planning). Species A can be in the form of tree species, soil flo-
ra, dead wood, stand gaps, etc.

From simulation runs at estate level, temporal dynamics of In(A)-In(F) lines
can be derived when comparing different management alternatives. Returning to
the simulation run at the landscape level illustrated in Fig. 7.6 with each scenar-
10, In(A)-In(F) lines showed the same course at simulation start (t=0). Figure 7.10
schematically illustrates In(A)-In(F) lines shifting until time t=100 a. With no ac-
tion (left), a diversity largely remains unchanged. Because of failing beech and
other admixed tree species, f diversity decreases. By keeping with the present
management and moderately promoting beech (middle), the In(A)-In(F) line on-
ly changes slightly. If, however, the enterprise's forests are changed into multi-lay-
ered stands promoting beech P diversity and therefore habitat, diversity increas-
es considerably.




146 I CHAPTER 7: Applications of Tree Growth Modelling

In (number of species) In (number of species) In (number of species) t=100
- =i % 1=
t=100
t=100

In (area) In (area) In (area)

Fig. 7.10. Schematic shift of the In(A)-In(F) line affected by alternative thinning concepts. The
line t=0 represents the &, B and y species diversity at the beginning of a 100-year simulation
period. Depending on the applied thinning (from /eft to right: unmanaged, promotion of decid-
uous trees, transition to uneven-aged forest) the In(A)-In(F) line will shift to the line t=100

7.7
Conclusion and Perspectives

Using SD criteria and indicators for monitoring is different from using them
for strategic planning and decision-making. Monitoring claims to define unique
and comparable indicators and criteria for a wide range of spatial scales (stand,
estate, region, major region) and types of ownerships (state, municipal, private
forests). State description and diagnosis of changes require a whole vector of in-
dicators. For this, quantitative indicators and criteria are sought, with which avail-
able state data can be best used or which can be measured with an acceptable
amount of effort. The temptation to limit data to a few easily measurable indica-
tors is understandable. However, in view of the complexity of forest ecosystems,
oversimplified monitoring approaches are not satisfactory when characterising
complex forest systems. Key indicators presented by Spellmann (2003) highlight
examples for quantitative, scale-comprehensive indicators, which can be general-
ised and inferred from available data. Suggested indicators have to be analysed re-
garding their applicability and integrity for monitoring.

As opposed to monitoring, strategic planning will use SD indicators and crite-
ria for fulfilling individually fixed management objectives of an enterprise. Thus,
only those criteria and indicators that are relevant for the management objective
are selected. Furthermore, selected criteria and indicators are weighed according
to the estate's objective hierarchy. In contrast to monitoring, a small number of
indicators and criteria will generally be of concern. Weighing the criteria against
each other is done by the estate's owner or manager (Sodtke et al. 2004).

The application of simulation models (dynamic growth models) will ena-
ble an improved SD evaluation and a more flexible adjustment between singular
stand and total estate planning. Simulation models can replace common indica-
tors by aggregated dynamic long-term indicators. Integrating simulation models
into the planning process paves the way for strategic forest enterprise planning
and SD decision-making - the concept of which is outlined in Fig.7.11. Simula-
tion models integrated into decision support systems - given initial site, state and
management characteristics - may simulate stand by stand or stratum by stra-
tum within batch-mode and can aggregate this partial information for the total
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Fig.7.11. Structure and essential elements of a decision support system for strategic forest
management.

estate. Growth simulators can scale at different spatial and temporal levels: from
stand or stratum to estate or inter-estate level, from short-term treatment reac-
tions to long-term dynamics. Management alternatives can be analysed regard-
ing their estate-referring and long-term consequences. Silvicultural re-orienta-
tion becomes transparent regarding its consequences for the total estate. Concepts
and tools for shifting to a multi-functional strategic planning of SD are well de-
veloped (Pretzsch et al. 1998; Hanewinkel 2001; Spellmann 2003; von Gadow 2003;
Sodtke et al. 2004). Technical equipment such as computers, simulation software,
databases and inventory data are available. Their integration into forest planning
and decision-making may speed up innovation.
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. Assisting forest policy decision-makers.

. Tree growth models as a decision support system component.
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. Converting even-aged pure stands into uneven-aged mixed species stands.
. Modeling coppice forests in Greece.
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