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ABSTRACT: The objective of the article is a short and instructive introduction to model approaches for pure and mixed
forest stands from yield tables to eco-physiological process models. For a deeper understanding of the introduced model types
the literature list offers the most important references. A model’s objective and the existing knowledge of the observed system
determine how complex the model approach has to be. Single tree models, eco-physiological based gap models and hybrid
models are of particular interest for forest management as they are suitable for pure and mixed stands and a broad range of
climatic zones. Version 2.2 of the SILVA model, developed for pure and mixed stands, belongs to the promising category of
hybrid models and is used to explain the functional principles underlying this model approach. The SILVA stand simulator
provides quantitative growth and yield information as a decision support for forest management.

yield table; mixed stands; single tree simulator; structure generator; decision support

ABSTRAKT: Cielom prispevku je kritky prehlad principov modelovania rastu rovnorodych a zmieSanych porastov, a to od
rastovych tabuliek aZ po ekofyziologické procesné modely. Pre hlbsie pochopenie uvedenych druhov modelov su v prispevku
uvadzané aj najvyznamnejdie citicie. V zavislosti od ciela modelovania a existujicej Grovne poznania skiimaného systému je
stanoveny stupefi komplexnosti irovne modelovania. Jednotlivo-stromové modely, na ckofyziologickych zdkladoch postavené
.gap“-modely a tzv. hybridné modely si pre lesné hospodarstvo zvla3t zaujimavé, pretoZe si vhodné nielen pre rovnorodé,
ale aj pre zmieSané a nerovnoveké porasty, a to v Sirokom spektre klimatickych podmienok. Rastovy simulator SILVA 2.2
patri do skupiny perspektivinych hybridnych modelov a je v tejto praci pouzity na objasnenie funk&nych principov tejto
kategorie rastovych modelov. Jednotlivo-stromovy simulitor SILVA poskytuje uZivatelovi kvantitativne rastovo-produkéné
informacie, podporujice rozhodovaci proces v riadeni lesného hospodarstva.

rastové tabulky; zmieSané porasty; jednotlivo-stromovy simuldtor; generdtor Struktiry porastu; podpora rozhodovania

management decision support. The model’s objective
and the existing knowledge of the observed system de-
termine how complex the model approach will need to
be. At the present state of system knowledge single tree

INTRODUCTION

Forest growth models consolidate the knowledge of
single processes of forest growth to the notion of a com-

prehensive system. Forest ecosystems may be modeled
with varying degrees of temporal and spatial resolution.
The time scale may range from seconds to millenia
while the spatial scale may encompass anything from
cells and mineral surfaces to continents (Fig. 1). The
slow processes on a large spatial scale fix the boundary
to quicker processes on smaller scales. The other way
round, the quick and spatially bounded processes deter-
mine the processes on higher levels. Model approaches
that take into consideration these feedback loops be-
tween the different system levels can deliver an impor-
tant contribution to system understanding as well as to
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and stand models, which model the processes on a tem-
poral scale from year to century and on a spatial scale
from tree to stand level fullfill the demands of forest
management in the best way. They model the stand
dynamic on the basis of the classical growth and yield
variables like diameter, height, crown length etc. Process
models have a higher spatial and temporal resolution
and come to the classical variables by up-scaling. But
the behaviour of the whole system can be more than the
sum of the underlying processes. Forest sucession and
biome shift models become an important tool for global
change research in forest ecosystems.
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The history of forest growth models is not simply
characterized by the development of continuously im-
proved models replacing the former, inferior ones. In-
stead, dilferent model types with diverse objectives and
conceptions were developed simultancously. Objectives
and structure of a model reflect the state of the art of
the respective research area at its time and document
the contemporary approach to forest growth prediction.
The history of growth modeling also documents the
extended knowledge in the science of forest growth.
Beginning with yield tables for large regions as a basis
for taxation and planning - such as the tables by
Schwappach (1893) and Wiedemann (1932,
1939a,b, 1942) — model devclopment led to regional
yield tables and site-specific yield tables and culminates
in the construction of growth simulators for the evalu-
ation of stand development under different management
schemes. Vanclay (1994) strives for an overview of
growth and yield management models and their applica-
tion to mixed tropical forests. The 1980s brought a new
trend towards development of eco-physiological models
which give insight into the complex causal relationships
in forest growth and predict growth processes under
various ecological conditions. The emphasis in model
research shifts towards eco-physiological models and
away from models which aim only at providing growth
and yield information for forest management. These
models strive to simulate forest growth on the basis of
fundamental eco-physiological processes. The scientific
value of eco-physiological models cannot be overrated;
however, they will not be applied in forest management
for the next few years as they are not yet sufficiently
validated in many ways. Also, input and output vari-
ables do not yet meet the demand of forest management
practice.

A major change has taken place in model concep-
tion, i.e. the understanding of forest growth on which
the model 15 based: the tables by Weisc (1880),
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Schwappach and Wiedemann still result from a purely
descriptive analysis of sample area data in form of total
and mean values about the observed processes of stand
development. These descriptions were later combined
with theoretical model concepts which also considered
natural growth relationships and causal relations as far
as they were known at the time. Yield tables for mixed
stands of pine and beech crealed by Bonnemann
(1939) for example characterise growth of beech in the
middle and lower storey by mean values. The FOREST-
model by Ek and Monserud (1974) controls incre-
ment behaviour of lower-storey (rees by geometrical
competition indices, and the eco-physiological growth
models by Bossel (1994), Mikeld, Hari (1986)
and Mohren (1987) derive increment behaviour of
lower-storey trees from light availability and perform-
ance in terms of photosynthesis.

The change of model objectives and conceptions is
closely related to a change of quality in the information
generated. Pure management models aim at reliable pre-
diction of forest yield values applicable to planning and
controlling in forest management, e.g. height and di-
ameter increment and associated economic value of the
assortment. Eco-physiologically models aim at biomass
development, nutrient input and loss etc. Variables rele-
vant to forest management are ancillary information in
those models. For future planning in modern forestry,
models meeting the information demands of ecology as
well as of economy will gain in importance.

On the way from a starting point of a forest stand to
an objective stage eco-physiological models and man-
agement models can give a specific decision support
(Fig. 2). Ecological and socio-economic frame condi-
tions define the leading planks and thus the corridor for
management decisions. Eco-physiological models can
support the ecological elements of the leading planks,
c.g. the effect of site conditions, species mixture and
thinning variants on critical loads, water quality or
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acidification. Stand treatments of interest can be judged
in this way as ecologically acceptable or unacceptable.
Management models help to optimize the path from
starting point to the objective stand through the given
corridor, they support e. g. the decision between differ-
ent thinning and pruning strategies.

With the shift from tree and stand management models
with low resolution to more complex eco-physiological
models, different source data are needed for model con-
struction and for the determination of model parame-
ters: standard data sets derived from research sample
plots (diameter, height etc.) were used for the develop-
ment of stand growth models for applied forestry. For
the construction of single-tree oriented models, addi-
tional data is required (crown dimension, tree position
etc.). The transition to eco-physiological models re-
quires an additional data base which can only be pro-
vided by broadened experiment concepts and co-opera-
tion with neighbouring disciplines.

Models are always an abstraction of reality. They are
greatly influenced by the model developer’s knowledge
and his perception of nature. This applies to the con-
struction of yield tables as well as to building eco-
physiological models.

STAND GROWTH MODELS BASED ON MEAN
STAND VARIABLES

With a history of over 250 years yield tables for pure
stands may be considered the oldest models in forestry
science and forest management. They are representa-
tions of stand growth within defined rotation periods
and are based on a series of measurements of diameter,
height, biomass etc. reaching far back into the past.
From the late 18th to the middle of the 19th century
German scientists such as Paulsen (1795), von
Cotta (1821), Hartig R. (1868), Hartig Th.
(1847), Hartig G. L. (1795), Heyer (1852), Hun-
deshagen (1825)and Judeich (1871) created the
first generation of yield tables based on a limited data
set. These original yield tables soon revealed great gaps
in scientific knowledge. A series of longterm data col-
lection campaigns on experimental arcas was therefore
started. That was the birth period of a unique network
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2. Stand management models and eco-physi-
ological models for decision support in forest
ecosystem management

Objective

of long term experimental plots in Europe which has
been under survey and permanently has grown until
present.

The second generation of yield tables, tackled to-
wards the end of the 19th century and continued into
the 1950s, follows uniform construction principles pro-
posed by the Association of Forestry Research Stations,
the predecessor organization of IJUFRO, in 1874 and
1888 and has a solid empirical data basis. The list of
protagonists invelved in this work includes names such
as Weise (1880), von Guttenberg (1915), Zim-
merle (1952), Vanselow (1951), Krenn (1946),
Grundner (1913) and, in particular, Schwappach
(1893), Wiedemann (1932) and Schober
(1967), who designed yield tables that were conceptu-
ally related and are still being used to today. A brilliant
example of their work are the yield tables for European
beech. In the 1930s and 1940s first models of mixed
stands were constructed under the direction of Wiede-
mann. Data material from some 200 experimental areas
established by the Prussian Research Station led to the
widely used yield tables for even-aged mixed stands of
pine and beech (Bonnemann, 1939), spruce and
beech (Wiedemann, 1942), pine and spruce
(Christmann, 1939), and oak and beech (Wiede-
mann, 1939a). World War II prevented Wiedemann
from bringing the development of yield tables for un-
even-aged pure and mixed stands to an end, but his
studies initiated systematic research on mixed stands.
Yield tables for mixed stands of this generation were
never consistently used in forestry practice as they were
restricted to specific site conditions, intermingling pat-
terns and age structures.

Yield tables developed by Gehrhardt (1909, 1923)
affected a transition from purely empirical models to
models based on theoretical principles and biometric
formulas and led to the third generation of yield tables.
The core of these models designed by, inter alia, Ass-
mann, Franz (1963), Hamilton, Christie
(1973, 1974), Vuokila (1966), Schmidt (1971),
Lembcke et al. (1975) is a flexible system of func-
tional equations. These functional equations are based
as far as possible on natural growth relationships and
are generally parameterized by means of statistical
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3. Normal yield table of Scots pine from Bradley et al. (1966) in extracts. Normal yield tables model the development of fully-stocked
stands on the basis of mean stand variables e.g. number of trees per acre, mean diameter at breast height or basal area per acre

methods. The biometric models are usually transferred
into computer programmes and predict expected stand
development for different spectra of yield and site classes.
A wealth of data was available for the construction of
these models and they were processed by modern sta-
tistical methods.

Since the 1960s the fourth generation of yield table
models has been created, i.e. the stand growth simulators
by Franz (1968), Hoyer (1975), Hradetzky
(1972), Bruce et al. (1977), Curtis et al. (1981,
1982) and Wenk (1994) which simulate expected stand
development under given growth conditions for different
stem numbers at stand establishment and for different
tending regimes. Expected stand development under
given growth conditions is simulated by means of com-
puter programs and controlled by systems of suitable
functions forming the core of the growth simulator. All
information available on forest growth is synthesised
into a complex biometric model which simulates stand
development for a wide range of possible management
alternatives and summarizes the results in tabular form
similar to yield tables. Thus created yield tables reflect
the stand dynamic for a wide range of imaginable man-
agement scenarios. While table and model were identi-
cal for yield tables of earlier generations, simulator-cre-
ated yield tables now describe just one of many
potentially computable stand development courses.

Despite a number of drawbacks yield tables still form
the back-bone of sustainable forest management plan-
ning. When computing capacities and available data for
model construction increased and with the rising de-
mand (or information in forestry, mean value and sum-
oriented growth models and yield tables were increas-
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ingly replaced by stand-oriented growth models predicting
stem number frequencies and by single-tree growth
models. Prodan (1965, p. 605) commented on the
significance of yield tables in the context of silviculture
and forest sciences as follows: ,,Undoubtedly, yield tables
are still the most colossal positive advance achieved in
forest science research. The realization that yield tables
may no longer be used in the future except for more or
less comparative purposes in no way detracts from this
achievement.”

STAND-ORIENTED MANAGEMENT MODELS
PREDICTING STEM NUMBER FREQUENCY

With the transition towards new intensive treatment
concepts, the demand for information in forestry has
changed in emphasis from mean stand values towards
single-tree dimensions of selected parts of a stand. This
changed demand for information resulted in the 1960s
in the creation of the first growth models enabling pre-
diction of mean stand values as well as frequencies of
single-tree dimensions. Until then, a stand served as the
usual information unit on which all predictions were
based; these predictions were now strengthened by
statements about stem number frequencies in diame-
ter classes (Fig. 4) which are for example needed for
precise prediction of assortment yield and value of a
stand. Depending on their concept and construction,
stand-oriented growth models predicting stem num-
ber frequency are classified into differential equation
models, distribution prediction models and stochastic
evolution models.
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4. Principle of management models predicting the shift of the diame-
ter or height distribution along the x-axis (according to Sloboda,
1976)

Many natural processes in various disciplines of the
natural sciences can be described by differential equa-
tions. An example is differential equations formulating
changes of yield descriptors for diameter classes of
a stand — i.e. change of stem number, basal area and
growing stock — depending on current yicld state values.
Stand development of the yield descriptors then results
{rom numerical solution of the differential cquation sys-
tems. In the 1960s and 1970s, Buckman (1962),
Clutter (1963), Leary (1970), Moser (1972,
1974) and Pienaar, Turnbull (1973) developed
stand-oriented growth models based on differential equa-
tion systems.

In the mid 1960s, Clutter, Bennett (1965)
came to a completely new approach to stand development
modeling. They characterized the condition of a tree
population by its diameter and height distribution and
described stand development by extrapolation of these
frequency distributions. The precision of such models
is decisively determined by the flexibility of the distri-
bution type on which it is based. The suitability of
different distribution types — e.g. BETA-, GAMMA -,
LOGNORMAL-, WEIBULL- or JOHNSON-distribu-
tion — has to be assessed individually. In these models
otherwise than in those reviewed earlier, stand develop-
ment is not controlled by the age function of the individual
yield descriptors, but by the parameters of the underlying
frequency distribution. Models of this type were initially
constructed by Clutter and Bennett for North American
spruce stands and further developed by McGee,
Della-Bianca (1967), Burkhart, Strub (1974),
Bailey (1973) and by Feduccia et al. (1979).

The term ,evolution models” for stochastic growth
models is derived from the fact that in these models
stand development evolves from an initial frequency
distribution, e.g. from a diameter distribution known
from forest inventory. Thus, these models — similar to
distribution prediction models — predict frequencies of
single-stem dimensions (Fig. 4). The mechanism ac-
counting for the extrapolation, however, is based on
a Markov-process, giving the transition prebability for
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the shift between the diameter classes. Stochastic growth
models were introduced to forestry science with the
ploneering investigations by Suzuki (1971, 1983),
and they continue to be linked to the name of Suzuki
until today. His growth models, e. g. for Japanese
Chamaecyparis pure stands, have been consistently de-
veloped by Sloboda (1976) and his team since the
mid 1970s; they are mainly interested in adapting the
models, which are oriented at Japanese conditions, to
the issues of German forestry and in model validation
based on permanent test plot data. Stand-oriented growth
models based on stochastic processes have been devel-
oped by Bruner, Moser (1973) and Stephens,
Waggoner (1970) also for mixed stands.

SINGLE-TREE ORIENTED MANAGEMENT MODELS

Single-tree models take the stand as a mosaic of sin-
gle trees and model individual growth and interactions
with or without consideration of tree position. This has
paved the way for the design of models of pure and
mixed stands of all age structures and intermingling
patterns. An equation system which controls growth be-
haviour of single trees depending on their constellation
within the stand is the central module of all single-tree
models. Position-independent or position-dependent
competition indices are used to quantify the spatial
growth constellation of each tree and to predict its in-
crement of height, diameter etc. in the following period.
Compared to stand-oriented growth models based on
mean stand descriptors and those predicting stem number
frequencies, single-tree models work on higher resolu-
tion. The information unit in single-tree models is the
individual tree. However, results of lower resolution
models, e.g. mean tree development or diameter fre-
quency distributions, can also be derived from single-
tree model results by integration. Information about
stand growth then results from summarising and aggre-
gating changes. All single-tree models that are trans-
ferred into computer programs are simulating, i.e. re-
producing by computer, stand dynamics based on
single-tree development for a given growth period. Re-
cent single-tree models are programmed in order to en-
able the user to interactively influence a simulation run.
They allow to follow stand development step by step
during the simulation at the computer and to specify
e.g. thinning or influences of disturbance factors at any
time during the simulation processes, thus influencing
or diverting the current course of stand development.

After parameters for the control of the single-tree
model have been set, tree characteristics at the begin-
ning of the prediction phase for the test area to be in-
vestigated are fed into the computer as initial values for
the simulation (Fig. 5). This tree list can contain data
on tree species, stem dimensions, crown morphology,
stem position and other data about the stand individu-
als. These data usually originate from single-tree based
inventories of indicator plots. Starting with these initial
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values, a change (e.g. mortality or development of di-
ameter, height or crowns) for all stand members de-
pending on individual growth conditions is predicted
using an appropriate control function; this is done for
the first growth period of e.g. five years. Once the tree
list has been processed, a change of growth conditions —
for example due to thinning or disturbing influences —
can be specified prior to continuing to the next incre-
ment period. This will now influence single tree growth
in the following period. The refined state values of all
trees resulting at the end of the first growth period rep-
resent also the initial values for the second growth pe-
riod. These values are repeatedly extrapolated in every
simulation cycle and interim results are given. The simu-
lation continues until the envisaged prediction period
has been worked off step by step. In most models, time
steps are five years, sometimes only one or two years.
By removing single trees during a simulation run, the
growth constellation and growth behaviour of the re-
maining individuals change in the next growth period.
Growth reaction of the stand is thus explained by the
reactions of all single trees to this intervention. By relating
stand development back to growth behaviour of single
trees and by modeling single-tree dynamics depending
on growth constellation within the stand, single-tree
models, afier being initialized accordingly, enable (o
evaluate a wide range of treatment programs.
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The first single-tree model was developed for pure
douglas fir stands by Newnham (1964). It was fol-
lowed by the development of models for pure stands by
Arney (1972), Bella (1970), Mitchell (1969,
1975) and others. In the mid 1970s, Ek and Monserud
applied the construction principles for single-tree oriented
growth models for pure stands to uneven-aged pure and
mixed stands (Ek, Monserud, 1974; Monserud,
1975). We can distinguish distance-dependent and dis-
tance-independent single-tree models; the former being
able to refer to data about stem position and stem dis-
tance for the control of single-tree growth. The world-
wide bibliography of single-tree growth models com-
piled by Ek, Dudek (1980) lists more than
40 different single-tree models which group into about
20 distance-dependent and distance-independent models
cach. Single-tree models developed since the 1980s —
among others by van Deusen, Biging (1985),
Hasenauer (1994), Nagel (1996), Pretzsch
(1992, 1998, 1999), Sterba etal. (1995), Wensel,
Koehler (1985) and Wykoff et al. (1982) - refer
to the methodological bases of their predecessors in
many parts; however, owing to the rapidly improving
user interfaces of modern computers they are far more
user-friendly than older single-tree models.
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ECO-PHYSIOLOGICAL GROWTH MODELS

All models mentioned above rely on growth and yield
data from long-term observation plots and hence have
the advantage of being empirically verifiable. However,
there is a drawback to historically deduced data inas-
much as growth conditions undergo changes and reac-
tion patterns from the past cannot — without further
ado — be projected into the future. In the 1970s model
research was pointed in a new direction with the crea-
tion of high-resolution, so called eco-physiological
process models which account for metabolism, organ
formation, assimilation and respiration as well as bio-
chemical and soil chemistry reactions. Pioneers of the
eco-physiological process model concept for forest
stands are Bossel (1994), Mikeld, Hari (1986)
and Mohren (1987). The term process model is
slightly misleading in the sense that of course all forest
growth models describe processes. Merely the temporal
and spatial scale of modeled processes becomes more
detailed in the transition from yield table models via
single-tree management models and succession models
to growth models based on eco-physiological data
(Fig. 1).

The development of modern process models begins
with a system analysis and the selection of characteristic
system components. Results of this description can be
transferred into a system diagram (Fig. 6). The system

Latitude Day Time Seazonal Time
--\\ * -
B st Rudiatond”
PPAT in Temparature
Canopy
co,

#{ Photoproduct. 4 Pollution

\Nllrou-n

Limitailon

Light

description breaks the system down into system com-
ponents which are characteristic of all biological sys-
tems. By system parameters we understand parameters
remaining constant during the lifetime of the system.
Exogenous parameters are variables which control the
system but cannot be influenced by the system, e.g.
stress by air pollutants. State variables are the actual
output value of the model; their current values reflect the
system’s state. Important state variables in stand models
are accumulated carbon quantities in needles, branches,
stem and roots. The initial values of the state variables
give the starting values of a system and thus decisively
influence its further development. In a growth model
for example, stem number and initial stand structure
have to be specified as initial values. The change rate
of the state variables controls the change, i.e. input and
output of state variables. Examples are mortality rates
or respiration rates which control the change of the
carbon quantities accumulated in the different compart-
ments. Intermediary variables change simultaneously
with the state variables and feed back into the system.
The system components are indicated in the system dia-
gram with differing graphical symbols and their inter-
relations are identified by lines and arrows.

The model thus outlined is transferred into a mathe-
matical model and subsequently into a computer pro-
gram. For this purpose, the system components and
links are described by mathematical or logical relation-
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esses and flows, indicated by boxes, ovals
and arrows resp. (according to Bossel,
1994)
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ships. Once the complete model is constructed, the causal
relations implemented are parameterized. The system
behaviour can be simulated by the developed computer
programs. All information known about the system is
therefore consolidated in the system components and the
system structure. The process of system analysis and
model development concludes with the validation of the
final model. For validation, i.e. for testing if the causal
relations assumed in the model realistically reflect the
growth of stands or single trees, empirical yield data
can be used among other data. If necessary, individual
model assumptions are corrected or model parts revised.

A vastly improved understanding of eco-physiologi-
cal processes in [orest eco-systems paved the way to-
wards this model approach and it was the actual mod-
cling of these processes which provided an idea of the
functioning of the overall system. Another impetus to
process model development was the need to understand
and predict the reactions of forest eco-systems to an
increasing number of adverse effects such as industrial
immissions, rise in atmospheric CO, and climate change.
In the context of environmental instability high-resolu-
tion and detailed process models are certainly the ideal
approach towards understanding and predicting forest
eco-system behaviour. However, there are definite con-
straints in developing and applying process models due
to considerable gaps in the knowledge of sub-processes
in assimilation organs and in the soil. Also, the up-scal-
ing of sub-processes to the behaviour of the overall
system is still largely unresolved. Moreover, the intro-
duction of process models still requires intensive re-
search and extremely high-powered computers that are
only rarely available in practice. To date process mod-
els are, therelore, primarily research instruments rather
than forest management planning tools.

GAP MODELS AND BIOME SHIFT MODELS

In view of modern theoretical ecology, a spatially
extensive system is composed of mosaic-like sub-units
and can be studied by analysing these sub-units. Wa tt
(1947), Bormann, Likens (1979) and others
transferred this view of extensive ecosystems to the

study and model representation of growth dynamics of

pure and mixed stands. This laid the foundations for the
concept of gap models suitable to predict succession.
According to this conception, a forest stand is an aggre-
gation of gaps. The size ol these gaps corresponds to
the extent of a potential crown area of a dominant tree
or tree group (areas of 0.04 to 0.08 ha). The actual
information unit is the tree group in the gap: stand de-

velopment results as the sum of the total spectrum of

contributing gaps. Gap models imply that forest devel-
opment in a gap occurs in a fixed cycle: a gap results
from exploitation or death of a dominant tree. Thus,
growth conditions of so far under-storey trees and natu-
ral regencration improve. Growing trees successively
close the gap and a new upper storey develops. The
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cycle is repeated with further losses of dominant trees
(Fig. 7). Growth models with this approach were pre-
dominantly used for investigations of competition and
succession in semi-natural stands.

Gap models such as designed by Shugart (1984),
Pastor, Post (1985), Aber, Melillo (1982),
Leemans, Prentice (1989) are primarily aimed
at mixed stands. While in the models described above
increment-determining factors have effects on stands or
individuals respectively, gap models describe tree growth
depending on growth conditions in the individual gap.
Gap models simulate growth dynamics for single trees
or tree classes in a gap; it is therefore possible to gen-
erate information about the development of diameter,
height and volume of single trees as well as stands.
However, regarding input and output variables they are
less fixed on information available from or required by
forestry practice; rather, they aim at predicting long-
term succession in natural forest stands and the effects
of altered growth conditions. However the FORMIX2
model (Bossel, Krieger, 1994) for virgin and
managed Malaysian lowland dipterocarp forests is an
example for an eco-physiologically based gap model
with output variables, useful as a decision support in
forest management.

Biome shift models developed by rescarchers such
as Box, Meentemeyer (1991)and Prentice et
al. (1992) establish statistic relationships between regional
climate and vegetation type. Based on relevant climatic
conditions the nature of potential biomes, i.e. commu-
nities, may be predicted on a regional and even global
scale. Of all the models under discussion these are the
ones that provide the highest aggregation of data on
vegetation development and forest growth. They have

7. Gap models imply that stand dynamic occurs in a characteristic
cycle: A gap results from exploitation or death of a dominant tree,
Growth conditions in the gap improve. Young trees close the gap and
form a new upper layer (according to Shugart, 1984)
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therefore gained increasing importance in global change
research.

HYBRID MODELS FOR FOREST MANAGEMENT

The transfer of specific components of eco-physi-
ological models — based on the solid process knowledge
— into stand or single-tree management models — based
on long-term experimental plots and increment series —
leads to what Kimmins called hybrid growth models.
Models of this type were constructed, inter alia, by
Botkin etal. (1972) and Kimmins (1993). Their
objective is to make the best possible use of newly
acquired knowledge of eco-physiological processes
combined with historical increment observations to as-
sist in forest planning and management. On account of
the implemented relationship between site conditions
and species specific growth they can be used for pure
and mixed stands. In the past 100 years mixed stands
have gradually become the focus of forest rescarch, in
particular on account of studies by Gayer (1886),
Wiedemann (1939b) and Assmann (1961), but
until today growth models for mixed stands are missing
as a quantitative planning tool. In Europe none of the
above model concepts is of any practical relevance as
tools to be used in the management of mixed stands.

Only very recently have models created by Kol-
strom (1993), Nagel (1996), Pretzsch (1992),
Pukkala (1987) and Sterba et al. (1995) found
use in forestry practice for planning work in pure and
mixed stands. These are more or less site-sensitive sin-
gle tree models constructed from a broad basis of eco-
physiological and growth and yield data. Version 2.2 of
the SILVA model, developed in Germany for pure and
mixed stands, belongs to this category of hybrid models
(Pretzsch, 1992; Pretzsch, Kahn, 1996;
Kahn, Pretzsch, 1997) and may be used as an ex-

Interference in Site
Stand Structure Variables

ample to explain the functional principles underlying
this model approach. In this book the SILVA stand
simulator is used by Kahn and Biber. The introduced
methods of data collection on experimental plots, mod-
eling and scenario analysis in teak, dry dipterocarp and
mixed dipterccarp stands based on SILVA 2.2, were
developed at the Chair of Forest Yield Science, Univer-
sity of Munich.

MANAGEMENT MODEL SILVA 2.2 FOR PURE
AND MIXED STANDS

SILVA reflects the spatial and dynamic character of
mixed stand systems inasmuch as it models spatial stand
structures at 5 year intervals. This allows to record the
individual growth constellation of every tree and the
control of tree increment in relation to growth constel-
lation and the original dimensions of the tree (Fig. 8).
The external variables determining tree increment and
stand structure are treatment, risk and site factors. The
model simulates the effects that tending, thinning, re-
generation and natural hazards such as storms have on
the stand dynamic. The feedback loop stand structure
— tree growth — state of tree — stand structure forms
the backbone of the model. The step by step modeling
of the growth of all individual trees via differential
equation systems informs about the development of as-
sortment yield and financial yield, stand structure, sta-
bility and diversity of the stand by means of the data,
required in yield calculations, on height, dhb, number
of stems etc. Input and output data used in the model
correspond to the data available from or required in
forestry practice. Only site variables available on
a large scale are considered. With models of this type
a weighting between yield-related, socio-economic and
ecological effects and the timber production and finan-
cial yield in pure and mixed stands becomes possible.
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8. Simplified system diagram of the growth
model SILVA 2.2 with the levels stand and
tree, the external variables interference in stand

structure and site conditions and the feedback

loop stand structure — growth — tree dimen-
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age 160

Parametrization relies on yield and site characteristics
of pure and mixed stands that have been under obser-
vation for up to hundred years.

The position-dependent individual tree model
SILVA 2.2 breaks down forest stands into a mosaic of
individual trees and reproduces their interactions as
a space-lime system (Fig. 9). It can therefore be used
for pure and mixed stands of all age combinations. Pri-
marily it is designed to assist in the decision making
processes in forest management. Based on scenario cal-
culations SILVA 2.2 is able to predict the effects of site
conditions, silvicultural treatment and stand structure
on stand development, and therefore also serves as a re-
search instrument.

The first model element reflects the relationship be-
tween site conditions and growth potential and aims at
adapting the increment functions in the model to actual,
observed site conditions (Fig. 10). With the aid of nine
site factors reflecting nutritional, water and temperature
conditions the parameters of the growth functions are
determined in a two-stage process (Kahn, 1994). The
stand structure generator STRUGEN facilitates the large-
scale use of position-dependent individual tree growth
models. The generator converts verbal characterizations
as commonly used in forestry practice (e.g. mixture in
small clusters, single (reec mixture, row mixture) into
a concrete initial stand structure with which the growth
model can subsequently commence its forecasting run
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9. SILVA 2.2 breaks down forest stands into a mosaic
of individual trees and reproduces their interactions as
a space-time system. Excerpt of a simulation run for
a mixed stand with two species (slight thinning from
below)

(Pretzsch, 1997). The three-dimensional structure
model uses tree attributes such as stem position, tree
height, diameter, crown length, crown diameter and
species-related crown form models to construct a three-
dimensional stand structure. The thinning model is also
an individual tree based one and can model a wide spec-
trum of treatment programs (Kahn, 1995). The core
of the thinning model is a fuzzy logic controller. In the
simulation studies described below the thinning model
simulates various thinning methods (thinning from below
and selective thinning) and thinning intensities (slight,
moderate and heavy). The competition model employs
the light-cone method (Pretzsch, 1992) and calcu-
lates a competition index for every trec on the basis of
the three-dimensional stand model. The allocation
model controls the development of individual stand ele-
ments. Tree diameter at height 1.30 m, tree height, crown
diameter, height of crown base, crown shape and sur-
vival status are controlled, at five year intervals, in re-
lation to site conditions, interspecific and intraspecific
competition. Finally classical yield information on the
stand and single tree level for the prognosis period are
compiled in listings and graphs. Additional information
on stem quality, assortment and financial yield com-
plete the growth and yield characteristics.

At every stage of the simulation run a program rou-
tine for structural analysis calculates a vector of struc-
tural indices which serve as indicators for habitat and
.
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species diversity and form a link to the ecological as-
sessment of forest stands.

The algorithmic sequence for predicting forest de-
velopment comprises the following steps (Fig. 10): the
first step is the input of data on the initial structure and
site conditions of the monitored stand. Secondly, the
parameters of the growth functions are adapted te actual
site conditions. Once the starting values for the prog-
nostic run are complete, monitoring can begin. If there
are no initial values, e.g. stem positions are unknown,
the missing data can be realistically complemented with
the help of the stand structure generator. Once the spa-
tial model has been constructed (step 4), the silvicultu-
ral treatment program is specified in the fifth step. The
competition index calculated for each tree in step 6 is
used in step 7 to control individual tree development.
Steps 4 to 7 are repeated until the entire prognostication
period has been run through in 5-year steps.

To date, model research has had little success in
substituting yield tables for pure stands by an improved
information system for pure and mixed stands. This can
in no way be attributed to a deficit in methodological
principles, data or technical equipment. The causes
rather lie in the fact that new models are not properly
adapted to practical requirements. The recent introduc-
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tion of the growth model SILVA 2.2 in practical usage,
instruction and research furnishes a distinct profile of
practical demands to be considered in management
models that will be used in decision-making processes
at stand and forest enterprise levels. 1. The natural man-
agement of forests is currently making great headway.
In the long run only those growth models will therefore
find approval that are capable of simulating the growth
of pure and mixed stands of all age compositions and
structural patterns. 2. Models need to be operable at
stand and forest enterprise levels and able to simulate
growth behaviour under different thinning regimes and
different processes of artificial and natural regeneration.
3. Flexibility of the model is essential so as to permit
simulation of growth reactions to site alterations and
interference factors on a large regional scale. 4. Apart
from tree and stand characteristics such as volume pro-
duction, assortment yield, wood quality and financial
yield it should also include structural parameters deter-
mining the recreational and protective functions of for-
ests as well as indicators showing the impact of hazards
or ecological instability. 5. Forestry practice is interested,
first and foremost, in calculating scenarios at stand and
forest enterprise levels. This can only be achieved if
input and output data of the model consider what infor-

107



mation is available and what data are needed in forestry
practice. Furthermore, achieving this goal also depends
on whether the model forms part of a comprehensive
forestry information system and, [inally, whether hard-
ware specifications are acceptable in practice.

For decades forestry practice has been hoping for
improved growth models to assist with planning, opera-
tions and control in forest management. The general
acceplance of new models by practitioners calls for
a close cooperation between forest science and forest
practice, from the design and development of the model
to its actual introduction in forest management.
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OD RASTOVYCH TABULIEK K SIMULACNYM MODELOM ROVNORODYCH

A ZMIESANYCH PORASTOV

H. Pretzsch

Technickd univerzita Mnichov, Lesnickd fakulta, Am Hochanger 13, 85354 Freising

Modelovanie lesnych ckosystémov je mozné na roz-
diclnych casovych a priestorovych drovniach. V zavis-
losti od ciela modelovania moze siahal Casova skila od
nickolkych sckand az po tisicrocia a priestorovi Skila
od bunkovej velkosti az po kontinenty. Ciel modelova-
nia a uroven poznatkov o modelovanom systéme urcuje

nutny. resp. mozny stupei komplexnosti drovne mode-
lovania.

S viac ako 250-ro¢nou historiou s rastove tabulky
pre rovnoveké porasty najstarSimi modelmi v lesnicke)
vede a praxi. Tieto zachytdvaja rast lesnych porastov za
obdobie dihSie ako ich rubna doba a opieraja sa o dlho-
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dobé sledovania na vyskumnych plochich. Od konca
18. az do polovice 19. storocia vypracovali o.i. Paul-
sen (1795), von Cotta (1821),R. Hartig (1868),
Th. Hartig (1847), G.L. Hartig (1795), Heyer
(1852), Hundeshagen (1825)a Judeich (1871)
na pomerne malej empirickej zdkladni prvi genericiu
rastovych tabuliek, ktord je eSte poznacena zbieranim
skusenosti. Ticto prvé tabulky ale zodpovedali na §iro-
ké spektrum vedeckych problémov a odStartovali etapu
intenzivneho zakladania trvalych vyskumnych ploch.

Druhii generdciu rastovych tabuliek je mozné dato-
val od konca 19. do polovice 20. storo€ia a charak-
terizovat orienticiou na jednotné principy konstrukcie,
ktoré v roku 1874 a 1888 odporucil Zviz nemeckych
lesnickych vyskumnych organizicii. Zaroven je mozné
povedal. Ze tieto tabulky uZ boli postavené na solidnej
empirickej trovni. K protagonistom tcjto generacic ras-
tovych tabuliek patria Weise (1880), von Gutten-
berg (1915), Zimmerle (1952), Vanselow
(1951), Krenn (1946), Grundner (1913), ale pre-
dovSetkym Schwappach (1893), Wiedemann
(1932) a Schober (1967), ktorych tabulky na seba
konceptne nadvizuji a pouZivaji sa aj v sucasnosli
(napr. hore citované tabulky pre drevinu buk). V tridsia-
tych a Styridsiatych rokoch vznikli pod vedenim Wie-
demanna prvé rastové tabulky pre zmieSané porasty. Na
ziklade empirického materialu z viac ako 200 vyskum-
nych pléch Pruského vyskumného dstavu boli konstruo-
vané zname rastové tabulky pre rovnoveké, ale aj zmic-
Sané porasty borovice a buka (Bonnemann, 1939),
smreka a buka (Wiedemann, 1942) a duba a buka
(Wiedemann, 1939a). Daldie vyskumné aktivity
v tejto oblasti bol viak Wiedemann kvoli druhej sveto-
vej vojne nuteny prerudit. Tieto price uZ ale predstavuji
zaCiatok systematického vyskumu v zmieSanych poras-
toch. Rastové tabulky zmieSanych porastov tejto gene-
ricie viak pre obmedzenie platnosti len na definované
stanoviitia, typ a charakter zmieSania nenasli v lesnic-
kej praxi Ziadne uplatnenie.

Rastové tabulky od Gerhardta (1909, 1923)
z dvadsiatych rokov 20. storocia uvadzaji tretiu gene-
riciu rastovych tabuliek, ktorych modely nemaju len
empiricky charakter, ale si aj teoreticky oddévodnené
a biometricky formulované. Jadrom tychto modelov —
napr. Assmann, Franz (1963), Hamilton,
Christie (1973, 1974), Vuokila (1966), Schmidt
(1971), Lembcke et al. (1975) — je flexibilny systém
rovnic, ktory (pokial je mozZné) sa opiera o osvedcené
rastové zdkonitosti a funguje aj ako pocitacovy program.

Vznikom porastovych simuldtorov — Franz (1968),
Hoyer (1975), Hradetzky (1972), Bruce et al.
(1977), Curtis et al. (1981, 1982) a Wenk (1994) -
na konci Sestdesiatych rokov moZno datoval zaciatok
Stvriej generacie rastovych modelov. Tie umoZiuja pre
zvolené rastové podmienky, vychodiskovy pocet stro-
mov v poraste a pestovny rcZim prognézovat vyvoj les-
nych porastov.

Aj naprick v8etkym nedostatkom predstavuji rastové
tabulky az dodnes zaklad na principoch vytrvalosti za-
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loZeného plinovania v lesnictve. K postaveniu rasto-
vych tabuliek v kontexte Nauky o raste lesa a lesnictva
Prodan (1965, s. 605) poznamenava: ,,Je nepochyb-
né, Ze konStrukcia rastovych tabuliek bola doposial naj-
vyraznej§im a najpozitivnej$im vykonom lesnickej ve-
dy. Tito skutoZnost nezniZuje ani poznatok, 7e rastové
tabulky budi v budiicnost sliZzit len na tucely porovni-
vania.*

Na konstrukciu rastovych tabuliek, podnietend pre-
dovsetkym v nemecky hovoriacich krajinich, nadvizuje
od Sestdesiatych rokov modelovanie rastu lesa na prin-
cipoch prognézovania rozdelenia podetnosti stromov
alebo na zdklade jednotlivo-stromovych modelov. Au-
tori Moser (1972, 1974), Clutter (1963), Clut-
ter, Bennett (1965), ale aj Sloboda (1976)
a Suzuki (1971) konStruuji modely na principoch
rozdelenia pocetnosti, ktoré vyvoj porastu popisuju pro-
strednictvom diferencidlnych rovnic alebo funkeii rozde-
lenia poCetnosti, resp. zohladiiuji stochastické procesy.
Jednotlivo-stromové modely, ktoré zaviedli Arney
(1972), Bella (1970), Ek, Monserud (1974),
Mitschell (1969, 1975), Monserud (1973),
Newnham (1964)a Wykoff etal. (1982), idid v ¢a-
sovej a priestorove] trovni modelovania edte o jeden
krok dalej. Tu je povaZzovany porast ako mozaika jed-
notlivych stromov, v ktorom je rast a interakcia kaZdé-
ho jednotlivého stromu progndzovana so zohladnenim
alebo bez zohladnenia pozicie stromov v poraste. Tym
sa otvidra cesta pre modelovanie rovnorodych, ale aj
zmieSanych porastov roznej vekovej Struktiry a typu
zmiesania.

Modely na zaklade rozdelenia pocetnosti stromov
a jednotlivo-stromové modely. boli vyvijané prevazne
v anglo-americkych krajindch, kde aj nadli uplatnenic
v lesnickej praxi. V strednej Eur6pe v8ak na uplatnenic
eSte len Cakaju. VSietky doteraz spomenuté genericic
modelov sa opieraji o dlhodobé sledovania prirastku na
vyskumnych plochach a empiricky su dobre fundované.
Toto moZno povaZovat za ich prednost. Na druhej stra-
ne je to ale aj nevyhoda, pretoZe pri zmene rastovych
podmienok nie je moZné rastové reakcie z minulosti
pouZzil na prognézovanie rastu do budicnosti.

S vyvojom na vysokej Casovej a priestorovej dgrovni
koncipovanych — tzv. procesnych — modelov, ktoré zoh-
ladfiuji podla stupiia komplexnosti litkovi vymenu,
tvorbu orgdnov, asimildciu a respirdciu, biochemické
alebo pddno-chemické reakcie, vznikol v sedemdesia-
tych rokoch novy smer. Podporené to bolo rastom pozna-
nia o Ciastkovych procesoch v lesnych ekosystémoch,
ktoré bolo prostrednictvom modelovania obohatené aj
o predstavu spravania sa celého systému. Rastom ov-
plyviiovania ekosystémov rufivymi faktormi ako imi-
sie, rast koncentracie CO, v ovzdusi, zmena klimy, ale
aj rastiicim zdujmom o porozumenie reakeii lesnych eko-
systémov s moZnostou vediet ich aj prognézovat dostal
tento smer vyraznid podporu. Oznaéenie procesné mo-
dely nie je ale pre tento druh modelov najvystiznejsie,
pretoZe kazdy rastovy model popisuje procesy. Od evo-
lu¢nych alebo sukcesnych modelov cez rastové tabulky
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az po modely spocivajice na biochemickych reakciich
sa meni len Casova a priestorovd $kdla modelovanych
procesov. Za pionierske prace v oblasti procesného mode-
lovania mozno oznacit modely, kloré publikovali Bos-
sel (1994), Mikela, Hari (1986) a Mohren
(1987).

Vysoko detailné procesné modely predstavuju pre
pochopenic a prognézu spravania sa lesnych ekosysté-
mov v meniacom sa Zivotnom prostredi idedlnu aroven
modelovania. Vyvoj, ale aj vyuZitie tychto modelov je
viak uzko ohranifené, pretoZe existuju cSte znacné ne-
vedomosti o Ciastkovych procesoch v asimilaénych or-
ganoch a pade a LaktlieZ nevyrieSeny ostdiva Lzv. up-sca-
ling ciastkovych procesov vo vzlahu k spravaniu sa
celého. Okrem toho procesné modely vyzaduji rozsiah-
le stanoviitné a klimatické informdcie pre vlastnd ini-
cializaciu a extrémne vykonné poéitace, o ich praktic-
ké vyuzitie v sicasnosti obmedzuje len na exemplirne
pripady. Preto si v sucasnosti procesné modely viac
vyskumnym, ako manaZérskym planovacim ndstrojom.

Prepojenim Specialnych komponentov procesnych mo-
delov s porastovymi alebo jednotlivo-stromovymi mo-
delmi, ktoré spocivaji na dlhodobych sledovaniach pri-
rastku, vznikli tzv. hybridné modely. Modely tohto
typu, ktoré publikovali napr. Botkin et al. (1972)
a Kimmins (1993), st uz vyuzitelné v lesnickej pra-
xi, a to niclen v rovnorodych, ale aj v zmicSanych po-
rastoch. VyuZivajd pritom nové poznatky o ckofyziolo-
gickych procesoch a Casové rady prirastkov z trvalych
vyskumnych pléch.

Sukcesné modely, ktoré vyvijaji predovietkym Shu-
gart (1984), Pastor, Post (1985), Aber, Me-
111l (1982), ale aj Leemans, Prentice (1989), si
zamerané predovietkym na zmieSané porasty. Podobne
ako hybridné modely, aj tieto hladaji stredni cestu,
a to medzi porastovymi a procesnymi modelmi. Svoji-
mi vstupnymi, ale aj vystupnymi charakteristikami su
viak pre praktické potreby lesného hospodirstva milo
prispdsobené. Viac st zamerané na dlhodobé predpove-
de sukcesnych procesov neobhospodarovanych poras-
tov a na zachytenie efektu zmenenych rastovych pod-
mienok. Sukcesné modely viak podnietili dal§i vyvoj
hybridnych modelov.

Biomové modely, ktoré sii spojené s menami B ox,
Meentemeyer (1991)a Prentice etal. (1992),
st postavené na Statistickych vztahoch medzi regional-
nou klimou a vegetaénymi typmi. Na ziklade vstup-
nych klimatickych podmienok je mozné podla tychto
modelov na regionilnej az globdlnej drovni predpove-
dat vyskyt biomov, {j. Zivotnych spolocenstiev. Z dote-
raz spomenutych modelov st prognozy tychto modelov
z pohladu vyvoja vegeticie a rastu lesa najvysSie agre-
gované. Modely tohto charakteru ziskali na vyzname
predovsetkym v ramci vyskumu globdlnych zmien.

V Eurépe nedosiahol ani jeden zo spomenutych no-
vych druhov modelov praktické uplatnenie ako mana-
zérsky ndstroj pre zmieSané porasty. Zmicfané porasly
sa tu viak za poslednych 100 rokov hlavne pri¢inenim
Gayera (I880), Wicdemanna (1939b) a Ass-
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manna (1961) zacali stile viac dostiaval do stredobodu
lesnickeho vyskumu. ale az dodnes chybaju pre ticto
porasty plinovacie nastroje, postavené na kvantitativnych
zakladoch. Len v poslednom obdobi Kolstrom
(1993), Nagel (1996), Pretzsch (1992), Pukka-
la (1987), Hasenauer (1994) a Sterba ct al
(1995) vyvinuli modely, ktor¢ uz vo viicSej miere boli
vyuzité¢ v planovacom procese lesného hospodirstva,
a to nielen v rovnorodych, ale aj v zmieSanych poras-
toch. Tieto modely sa vyznacuji stanoviStnou citlivostou,
st konStruované ako jednotlivo-stromové modely
a opieraji sa o Siroka empiricki bazu. Na priklade
rastového modelu SILVA, ktorého verziu 2.2 mozno za-
radit k hybridnym modelom (Pretzsch, 1992;
Pretzsch, Kahn, 1996; Kahn, Pretzsch,
1997), ktory bol vyvijany v SRN pre rovnorodé a zmie-
Sané porasty, bude v dalSich castiach objasneny ich
funkény princip.

Priestorovy a dynamicky systémovy charakter zmie-
Sanych porastov zohladiiuje rastovy model SILVA tym,
Ze modeluje v pilrocnych €asovych intervaloch pries-
torova Struktiru porastu, v ktorej je kvantifikovana ras-
tovd konStelacia kazdého stromu. Prirastok stromov je
potom stanoveny na zaklade spomenutej rastovej kon-
Stelacie (konkurencie) a vychodiskovych dimenzii
(obr, 1). Ako dalSic externé premenné, podmiefiujice
rast a §truktdru porastu, vstupuji: spdsob obhospodaro-
vania porastu, riziko a stanovistné podmienky. So viet-
kymi dasledkami pre dynamiku vyvoja porastu je moZné
modelovat vplyv cielenych zasahov do Struktiry poras-
lu cez vychovné opatrenia (Cistky, prebierky) a obnov-
né zdisahy, ale aj vplyv neziadicich faktorov (kalamity)
a prirodzenej mortality stromov. Spiitnd vizba medzi
Struktirou porastu — prirastkom stromov — novo dosiah-
nutym stavom a §truktdrou porastu tvori kostru modelu.
Systém navzdjom previazanych rovnic umoziuje pro-
gndzoval nielen vyvoj jednotlivych stromov a z nich
odvodenych dendrometrickych porastovych charak-
teristik (napr. poCet stromov, zdsoba, stredna hribka),
ale aj sortimentni Struktiru a cely rad ekonomickych
ukazovatelov, ako su napr. vynosy a niklady. S progno-
zami charakteristik naturilnej a ckonomickej povahy si
dalej spojené progndzy charakteristik Struktiry porastu
(rozne indexy), stability porastu a diverzity. Prognézova-
nie vynosovych, socio-ekonomickych a ekologickych
charakteristik modelmi tohto typu diava potom moZnost
posudzoval produkciu rovnovekych a zmieSanych po-
rastov multikriteridlne na kvantitativnom zdklade. Ras-
tovy model SILVA je orientovany svojimi vstupnymi
a vystupnymi charakteristikami na informa¢ny potencidl
a informaéna potrebu lesnickej praxe. Model napr. vy-
uZiva len tie stanoviSiné charakteristiky, ktoré si bezne
zistované v ramci celoplo$ného stanovistného priesku-
mu. Na jeho parametriziciu boli k dispozicii produkcné
a stanovistné charakteristiky velkého poétu rovnorodych
a zmiesanych porastov, z ktorych najstarSie su sledova-
né a merané viac ako 100 rokov.

Vyskumu v oblasti modelovania rastu lesa sa v Europe
zatial nepodarilo nahradit rastové tabulky rovnorodych
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porastov lepsim informac¢nym systémom pre rovnorodé
a zmieSané porasty. To nevyplyva z delicitu metodic-
kych zikladov, malého rozsahu didt pre parametriziciu
alebo Spatného technického vybavenia. Dévodom je viac-
menej nedostatoéné prispdsobenie na poZiadavky les-
nickej praxe. Skasenosti zo zavidzania rastového mo-
delu SILVA 2.2 do lesnickej praxe v SRN priniesli
jasny profil poZiadaviek praxe na manaZérske modely
pre podporu rozhodovania na porastovej a podnikovej
trovni. Si to predovietkym tieto poZiadavky:

— Prirode blizke obhospodarovanie lesa sa stiva viac
ako samozrejmostou. Preto sa v dlhodobom meradle
presadia len také modely, ktoré dokdzu prognozovat
rast rovnorodych a zmieSanych porastov rozncho ve-
ku a Struktiry.

— Moznost nasadenia modelov na porastovej, ale aj pod-
nikovej drovni pri zohladneni rozneho sposobu zalo-
Zenia a vychovy porastov.

— Model by mal byt tak flexibilny, Ze dokaZe reagovat
na regionalnej trovni na vyskytujlce sa rastové reakcie
sposobené zmenou stanovista a rudivymi faktormi.

— Vedla typickych stromovych a porastovych charak-
teristik — ako je napr. stromova produkcia, sortimentna
Struktura, kvalitova Struktdra a hodnotové produkcia
— by mali modely podaval informdcie aj o Struktu-
ralnych charakteristikach kvantitikujdcich mimopro-
dukéné funkcie lesa a o indikatoroch ekologickej
stability.

— Modely by mali umoZiioval v prvom rade tzv. va-
riantné $tidie na porastovej, ale aj podnikovej trov-
ni, a to s vstupnymi informaciami, ktoré su pristupné
v beZnej lesnickej praxi. Vystup by mal byl pri-
spdsobeny informaénym potrebam praxe. Modely by
mali byf implementovatelné do lesnickych infor-
macénych systémov, pricom hardwerova naro¢nost
a Casovy aspekt simuldcii by mal zodpovedat stano-
venym cielom.

Lesnicka prax Cakd uZ desatrocia na lepSie rastové
modely pre plinovanie, prevadzku a kontrolu v lesnom
podniku. SirSia akceptancia novych modelov zo strany
praxe predpoklada spolupriacu praxe a vyskumu od
tvorby koncepcii modelov cez vyvoj aZ po ich zavadzanie.
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