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4.4
The Individual-Tree-Based Stand Simulator SILVA

H. PreTzscH’, P. BiBERS, J. Tursk¥?, R. SODTKE!?

Abstract. The forest growth simulator SILVA is single-tree based, tree-position-dependent
and age-independent. The model’s core algorithm evaluates the three-dimensional struc-
ture of forest stands in order to determine inter-tree competition. SILVA is parameterised
with a large amount of data from long-term research plots in pure and mixed species for-
ests, mainly from southern Germany. SILVA covers the tree species Norway spruce, Scots
pine, silver fir, Douglas fir, common beech and oak. It includes a regeneration submodel
and modules for conducting and visualising large regional scenario analyses based on
inventory data.

4.4.1
Introduction

Since 1989, the Forest Growth Simulator SILVA has been developed at the Chair
of Forest Yield Science, Munich, Germany, as an applicable tool for management,
research and educational purposes (e.g. Pretzsch 1992, 2001). In this distance-de-
pendent individual-tree approach a stand is regarded as a three-dimensional sys-
tem of single trees influencing each other mutually. This approach permits the
simulation of the development even of complex structured even- and uneven-aged
pure and mixed stands, which is not possible by conventional means. As defined by
its parameterisation data, SILVA is reliable for most German site conditions, par-
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ticularly those found in southern Germany. The current version covers the tree
species Norway spruce, silver fir, Scots pine, common beech and sessile oak.

An inventory interface serves for inputting information from practical forest
management. Further model features exist to substitute incomplete input infor-
mation (e.g. deriving environmental variables from rough site information, gen-
erating tree data from trial plot information). Additional output routines for tim-
ber grading and calculating harvesting costs and sales returns are available. For
this, SILVA has been applied for various forest management purposes by sever-
al German forest services and private forest owners as well as in research and as
an instrument for educating forest students and forest managers. A detailed de-
scription of SILVA including tree representation, input and output routines, core
module equations of growth and mortality, as well as referring parameters can be
found in Pretzsch et al. (2002).

4.4.2
Database

The main data source for parameterisation of model functions is the Bavar-
ian trial plot network, maintained by the Chair of Forest Yield Science. The da-
ta were gathered on 288 plots on 570 occasions, which means that many plots
were observed repeatedly within the period between 1952 and 1998. Over all plots
and inventories, 155,000 tree observations were available for model development.
Around 30% of these data points were used for parameterisation. All these obser-
vations covered trees from a broad range of diameters at breast height and stand
structures, respectively (cf. Pretzsch et al. 2002). Additionally, data from the For-
estry Research Station of Lower Saxony and the Swiss Research Station for Forest,
Snow and Landscape in Switzerland were used for the development of the site-re-
lated potential height growth model (see Kahn 1994).

443
Tree Representation and Model Initialisation

In SILVA, a tree is described by the following set of key variables: tree species, di-
ameter at breast height (dbh), total height (h), height of crown base (hcb), crown di-
ameter (cd) and tree coordinates (x, ). Every tree is assumed to stand straight up-
right. Species-specific crown models are used to represent three-dimensional crown
shapes (Pretzsch 1992). These models assume the crown to be rotation-symmetri-
cal in the horizontal direction and to be divided vertically in an upper and a lower
section. Crown shape is species-specific, but the crown is always assumed to be of
maximum width (cd) at the height where both sections meet each other.

A simulation run is initialised with information about management, site con-
ditions and tree key variables. Incomplete data can be completed using the stand
structure generator module of SILVA (Pretzsch 1997). Recently, the structure gen-
erator was enhanced in order to derive representative tree data also from strati-
fied sample plot measurements (Tursky 1999).
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Thinning type, grade and frequency define management conditions. SILVA al-
lows, for example, the representation of different types of selective thinning, final
crop-tree concepts, target diameter harvesting, thinning from below or above, no
thinning and combinations of these concepts.

SILVA processes information from a set of environmental conditions such
as mean temperature and precipitation sum within the growing season or at-
mospheric CO2 concentration, given as long-term mean values (cf. Pretzsch et
al. 2002). Since the whole set of variables is seldom available for a single plot, it
is possible to initialise most environmental conditions from the ecoregion code
number (as defined by the German site classification), height above sea level,
slope and exposition.

Species-specific unimodal dose-response functions are used to aggregate en-
vironmental information into ecologically significant site variables (Kahn 1994),
determining the properties of a potential height growth curve formulated accord-
ing to the Chapman-Richards equation:

_ k-t)P
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where hP°! is potential tree height at age ¢ and A, k and p are species-specific
parameters, which are derived from a vector of site variables.

4.4.4
Core Model Description

4441
General Considerations

The smallest simulation time step with SILVA is a forest growth period of
5 years. This period corresponds with the time intervals provided by yield tables.
It is also the standard time interval between two measurements on the trial plots
used for model evaluation. The first step of each cycle is the three-dimensional
competition analysis determining the degree of competition for each tree accord-
ing to a number of indices described below. Then, preliminary tree growth is de-
termined to be used in the mortality module to decide whether the individual is
considered alive for the current simulation period. After the removal of dead or
harvested trees, competition indices and dimensional changes of each tree are re-
calculated.

4.44.2
Inter-Tree Competition

In SILVA, inter-tree competition of each tree is calculated by the competition
index KKL. This index is a geometrical competition measure calculated for the
three-dimensional space surrounding a particular tree. Competitors are defined
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by the virtual-reverse-cone method (Pretzsch 1992; Pretzsch et al. 2002). Besides
this index SILVA uses two additional measures for quantifying competition as-
pects affected by type and spatial distribution of the competitor trees.

4.4.4.3
Mortality

After determining the degree of competition, natural mortality within the
next simulation cycle is estimated. The mortality module calculates the surviv-
al probability from the dimension of a tree and its expected basal area increase
by means of a LOGIT function parameterised by empirical data (cf. Dursky 1997;
Pretzsch et al. 2002).

4444
Thinning

Thinning will be performed according to the settings defined by the user at
the start of the simulation. The available thinning types represent a great number
of concepts relevant to practice. Some of them are based on a fuzzy logic control-
ler (Kahn 1995), whereas others use other algorithms, e.g. the A-value concept de-
fining the degree of selection tree removal.

4.44.5
Height and Diameter Growth

Site-dependent height growth potential zh , is calculated for each tree using
Eq. (4.1) (cf. Pretzsch et al. 2002). zh  , is reduced to the expected height growth
zh according to the individual tree’s conditions defined by its competition indi-
ces and crown dimensions. Tree diameter increment is also derived from potential
growth similar to height growth. The potential diameter increment serves for de-
termining the potential basal area increment and the expected basal area growth
(cf. Pretzsch et al. 2002).

4.44.6
Crown Development

New crown dimensions are calculated by directly estimating the height of the
crown base and the crown diameter from tree height and diameter. Data used for
fitting indicate that the integrated species-specific parameters allow for a good
representation of uneven-aged mixed forests (cf. Pretzsch et al. 2002).
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4.4.4.7
Output

From the simulated tree dimensions various aspects of stand development can
be visualised within SILVA. For illustration of the three-dimensional stand devel-
opment, perspective stand views and crown charts are provided, which are sup-
plemented by a realistic stand visualisation system (Pretzsch and Seifert 1999),
allowing virtual walkthroughs and interactive thinning. In addition, a large set
of numerical information is available which can be viewed as diagrams or as text
files that are similar to standard yield tables.

Three kinds of output can be distinguished: first, classical growth and yield
data are provided on stand and tree level, e.g. stem number, basal area, timber
volume, current and mean annual increment and mean height; second, mone-
tary values can be obtained from the calculation of stand assortment distribu-
tions with the timber grading routine BDAT (Kublin and Scharnagl 1988). This
includes also detailed information about the monetary development of the stand,
which is based on timber prices and harvesting costs specified by the user. If dif-
ferent prices and costs should be investigated, various economic scenarios can be
evaluated with the same simulation run. The third group of output information
describes ecologically important structural values. Several indices are calculat-
ed from tree dimensions and stand structure (cf. Pretzsch 1997; Biber et al. 1998),
which can be used to judge non-monetary values such as habitat suitability or so-
cial forest functions.

445
Model Evaluation

The basic question is whether the simulator is suitable to be integrated into the
information flow of forest practice, including that the available pool of knowledge
is used for efficient planning, execution and control of forest management. This is
ascertained in SILVA particularly by its input and output structure. The initialisa-
tion procedures provide the possibility for simulations even with incomplete data
and allow the use of site information at very different resolution levels. The out-
put methods and tools are developed in close contact with forest managers and
thus are designed to meet their information demands. In comparison to classical
yield tables, SILVA provides additional information that allows the estimation of
monetary yield as well as the characterisation of stand structure and - to a cer-
tain degree - biodiversity.

Quantitative model validation was carried out in comparing simulated and
observed growth using the example of 615 research plot inventories (Pretzsch
et al. 2002). Regarding volume increment, validation resulted in a very low bias,
which was less than 4.8% over- or underestimation, respectively. Relative preci-
sion resulted in deviations ranging from 18.5-38.6% for the respective tree spe-
cies. Accuracy results did not differ considerably from precision.

With respect to its qualitative behaviour the model is shown to react in ac-
cordance with biological knowledge and practical silvicultural experience, such
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as Assmann’s concept of optimum basal area, Reineke’s widely accepted maxi-
mum density rule and the structure-related growth dynamics of mixed stands
(cf. Pretzsch et al. 2002).

4.4.6
Model Application

The SILVA simulator is implemented as a software program for use with the
operating systems MacOS, Windows 95/98/2000/NT/XP. In order to gain inde-
pendence from the current operating system the core modules are transferred
from Object Pascal programming language to C++. Input and output interfac-
es are designed to be appropriate for practical use from interactive operating at
stand level to batch operation at enterprise level. The user manual is edited ac-
cording to recently defined German and International standards (cf. Chap. 3, this
Vol.).

SILVA can be used in forest management for operational and strategic plan-
ning. For operational purposes management plans or timber production prog-
nosis can be derived for single stands, forest enterprises and landscape units
(Pretzsch et al. 1998). In general, this is executed on a short- or medium-term per-
spective. In strategic planning, which normally covers longer time periods, SILVA
helps to develop management guidelines for certain tree species or stand types
under particular site conditions (Pretzsch 2003).

Considering forest research, SILVA is intended to investigate tree and stand
responses to changing environmental conditions, including those induced by sil-
vicultural management or climate change impacts (e.g. Biber et al. 1998). This is
possible because traditionally gained knowledge from long-term experimental
plots has been aggregated into the simulator and can thus be used to assess any
combination of conditions that are within the range of the implemented infor-
mation. Since this allows also for new combinations, the implementation of ex-
perimental plots can concentrate on the investigation of actually new conditions.
In this respect, SILVA can also serve to define the requirements for new experi-
ments.

SILVA can be used for training of non-professional private forest owners, for-
est managers and students, as well as to support public relations. For example,
thinning can be executed and its effect can be impressively demonstrated with the
simulator’s stand visualisation system (Pretzsch and Seifert 1999). Trees can be
marked by the user to be selected for thinning or as final crop-trees, respectively.
So the development of the stand may be shown as a consequence of management
activities. Additionally, SILVA is useful for the demonstration of biological and ec-
ological principles of forest dynamics. For example, growth of light-demanding
and shade-tolerant tree species as well as the dynamics of differently structured
stands may be observed and compared over time.
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