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1 Introduction

A great attention is directed now to problems associated with analysis and classification of
the mathematical modeling methods to be applied for studying the structure and dynamics
of plant (especially, forest) communities, for accounting and planning of forestry activities,
as well as for monitoring efforts. A number of surveys appeared to deal with different
aspects of the corresponding mathematical models (see, for instance, Oja, 1985, Korotkov,
1991, etc.).

The present paper may be considered as continuation and further development of
survey {Antonovsky et al., 1991a). Since the moment of them being published, some new
studies have appeared, and, what is more important for authors, a new standpoint has
been established as regards a totality of the models, first of all referring to population
and ecosystem levels. It is obvious now that constructing of a large computer simulation
models is the main direction of mathematical ecological modeling. But in this survey we
want to underline the important role of analytical models and approaches,that can be
useful,in particular, for correct and economic computer model constructions. Thus, it's
a significant opportunity that has arisen to consider the widespread gap-models of plant
communities as a certain class of structural models describing the tree populations for
which one can apply the corresponding theoretical results.

Among numerous models of plant objects and plant communities that differ in mod-
eling purposes, as well as in the mechanisms and ways of description, it has been selected
a class of the so-called 'ecophysiological', or 'explaining', models, i.e. those involving, as
variables, values with a direct ecophysiological interpretation. Ecophysiological models
are usually verified and identified according to the experimental data that makes it pos-
sible to test and specify the ecophysiological hypotheses being the basis of the models.
Thus, there is a close and essential relationship between empirical (stochastic or regres-
sion) and analytical mathematical models of the objects. Though being very useful in
practical tasks, regression and empirical models are not, as a matter of fact, 'explaining'
ones, and they are often included in the ecophysiological models as submodels, or certain
limit values. One of the possible reasons may consist in the following. Specific charac-
ter of systems at each level of modeling is determined not only by the differences of the
studied objects and by the depth of modeling but also by the differences of characteristic
times and scales. Introducing the hierarchy of characteristic (slow, real and rapid) times,
consider a process for times of the 1st order. In this case, 'slow' variables are regarded
(on a level with environmental parameters) as parameters, whereas 'rapid' variables are
considered as members of a certain algebraic relation (sustained rapid processes) that ,
perhaps, is similar to a dependence given by the empirical correlations.

One more method to classify ecophysiological models consists in their (conventional).
dividing into the simulative and analytical ones. The detailed simulation models are
characterized by using a large amount of variables and parameters, as well as by selection
of the coefficients to describe a concrete object (tree of a certain species, forest in the given
geographical and climatic zone) as precisely as possible with the subsequent forecasting
for comparatively short spaces of time. Size of the models doesn't usually allow to analyze
the influence of a large amount of parameters on the qualitative behavior of systems. To
solve this task, it's convenient to apply the analytical models to describe the dynamics of
essential variables and parameters, their qualitative peculiarities, as well as to study the
limit regimes and changes in the spatial boundaries. It seems promising to apply here
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jointly both analytical and simulative approaches, the analytical models being regarded
as certain subblocks of the simulation models that makes it possible to substitute the
real experiment for a numerical one, to adapt models to the modeled objects, to forecast
feasible situations, and, finally, to assess precision of the simulative approach. It should
be noted that it is essential, by the analytical modeling, to single out leading ('limiting')
factors which allow to move on to the study of critical regimes, to attempt to determine
and describe boundaries of the object's existence area. It may not be out of place to note
here that a relationship exists between ecophysiological and 'phenomenological' analytical
models.

The latter ones are not usually meant for the identification of regimes (to be obtained
by the use of models) for specific objects, rather they operate with general appropri-
atenesses, intrinsic to the functioning of similar systems, by using proper mathematical
methods accepted in the theory of dynamical systems .This approach is obviously valuable
when analyzing boundary and critical regimes , for instance, by describing the ecotone
'taiga- tundra'.

General structure and features of the forest objects modeling are given in (Antonovsky
et al., 1991a). Section 1 of the present paper includes a brief analysis of some directions
within the framework of ecophysiological and closely-related approaches of the empirical
and simulation modeling that are being broadly developed now.

The major attention is given the description of the approaches that are not reflected
properly in the mentioned surveys, or are being intensively developed today and may turn
out useful when solving practical tasks. Just as it was done in the mentioned surveys, a
comparatively much attention is given the works in Russian that are still little known for
the readers in the Western countries.

That application of ecophysiological modeling is complicated when analyzing the state
of phytocenotic cenoses, can be explained by a necessity to draw the works of experts in
the different scientific fields, to agree on the terminology applied and the field data to be
obtained, to apply the models to compare the concepts proposed by different authors in
their modeling efforts ('harmonization of models').

One of the approaches to solve the mentioned problems seems to consist in compiling
the bank of ecophysiological models of plant communities , that would make it possible
to collect relevant (from a common standpoint) scientific works, as well as those dealing
with the classification of mechanisms assumed as a basis of the developed models, and
modeling methods. The bank is also to comprise the works in which the mentioned mod-
els are applied to forecast the behavior by different environmental scenarios by taking
into account the influence of soils and weather conditions, as well as the works containing
mathematical and numerical methods to analyze and identify models. Such a bank may
be useful for scientists when selecting the works they are interested in, serve as a 'con-
structing base' when developing the models adequate to specific tasks, and, finally, be of
use by obtaining expert estimates of the investigated issues. We can note that the similar
principles of compiling the bank of models are described in the monograph by Zaslavsky
and Poluektov (1988).

Section 2 of the present paper is devoted to the first stage of compiling the bank of plant
communities models, namely the computer reference information base {Berezovskaya et
al., 1993). So far, the most complete part of this bank is that referring to the modeling
of forest communities. The further development of the structure and potentialities of this
bank , as well as filling it with the data referring to the ecophysiological modeling of

vegetation, is one of the urgent tasks.
It should be noted that list of the literature cited contains mainly surveys and fun-

damental (from our standpoint) works, as well as works that appeared since the survey
(Antonovsky et al., 1991a) had been published.

2 Modeling of tree crown, separate trees, forest
stands and ecotones

2.1. Modeling of tree crown.

Tree crown is considered as a complex of photosynthesizing foliage and its bearer
(skeleton part). Proceeding from the concepts of evolution, it's naturally to assume that
shape and structure of the crown, as well as distribution of leaf area , are like that to
maximize receiving and conversion of solar energy and nutrients by the minimal feasible
expenditures needed to sustain existence of the crown. Two mutually complementing
trends are intensively developed now : to ascertain special features of tree growth and
development, proceeding from analyzing the principles of crown constitution ('geometry'),
and to bring to light peculiarities of crown organization on the basis of the branching
being considered as an 'elementary act' (see, for instance, Reffye et al., 1991, Lecoustre
et al., 1992, Luck, 1975, Zeide, 1992). In this connection, it seems to be useful to wed
empirical (regression) models concerning the correlation between number of branches and
their size, as well as the mutual placing of branches at different times, with theoretical
mathematical models that include the concepts of functions of the individual tree parts,
namely water conduction (Shinozaki's model), light absorption (Monsi-Saeki's model),
etc., to be supplemented by the computer visualization on the basis of the so-called
L(Lindemayer)-systems (Prusinkiewicz, Lindemayer, 1990, Kisliuk, 1992, and the others).

Within the framework of some studies, tree crown is considered as the aggregate of a
large amount of statistically similar elements, branches with leaves, that represents neither
two-dimensional nor three-dimensional object being, on the contrary, described as one of
the intermediate dimension , i.e. , from the mathematical point of view, as a fractal. It
was supposed that characteristics of the crown , as a fractal object, represented species
invariants, and, in this respect, it seems to be very useful to calculate them in order to
study structure and dynamics of tree canopy (Zeide, 1992).

The fractal approach to study the structure of tree crown is a promising direction in the
modeling that is being intensively developed nowadays ( Ford et al., 1990, Tcelniker,1992,
Berezovskaya et al., 1992).

2.2. Growth of separate trees

Growth of a separate tree (changes in the principal biometrical indices, such as height,
diameter, mass, to occur in time) , as well as dynamics of average indices of forest stands,
can be presented by the 'S-tike curve', and, in terms of modeling, it is often described
with the aid of the so-called growth functions that contain, as arguments, time, age or
dendrometrical indices (the latters are usually assumed to be constant parameters).

There are numerous works in which authors propose and study this kind of models
(see, for instance, monographs by Thornley, 1976, Terskov, Terskova, 1980, etc.), as well
as try to classify them (for instance, a detailed study of more than 75 most well-known
growth functions was presented in the monograph by Kiviste, 1988).



An attempt to explain a rather stable relationship between size and mass of a tree in
the course of ontogeny resulted in the 'law of allometry' being formulated. In accordance
with this law, similarity, considered as a relationship between individual organs, is kept
during their growth and can be expressed as a power dependence. The fundamental
work on this issue was written by Huxley (1932). There are some interesting attempts to
substantiate the law of allometry in a theoretical way (Kofman, 1981).

It should be noted that utilization of allometric relationships is one of the main and
important modeling methods to be necessary, for example, when identifying models. How-
ever, this method should be applied with a sufficient caution because the relationship
formula may be changed in the situations being critical for a modeled object (Terskov ,
Terskova, 1980).

Allometric dependencies are widely applied both by describing relationships between
sizes of tree organs and by modeling the forest stand.

Modeling, by taking into account balance energetic relationships, was initiated by
Bertalanffy who developed a model describing the rate of changes of the mass, as a differ-
ence between photosynthetic and respiration rates, by taking into consideration ecological
parameters.

On the basis of the balance principle, and supposing the energy of light be the limit-
ing factor of tree growth, I.A. Poletayev (1973) proposed a simple differential model to
describe the height increment of free-to -grow tree.

One more widely applied generalization of this model, which is based on the law of
Lambert-Bare, relates to consideration of the energy received by plants depending on the
density of leaf canopy. This lead to the model of Monsi-Saeki that is presented by the
exponential relation between density of the light flow at a certain level of tree canopy and
the total leaf area (from the top of canopy to that level).

The subsequent development of the 'balance modeling' resulted in arising of the re-
spective models by taking into account dividing a tree into separate organs (for instance,
the model developed by Ross, 1975), as well as by considering compartment flows (Thom-
ley, 1976) and the role of mineral substances and water exchange. Intensity of processes
flowing is often selected according to the Liebich-Poletayev's principle of limiting factors,
as well as by taking into account the influence of the least intensive component of the
input process to be exerted upon the output process. In this field, a number of models to
describe plants were constructed by I.Poletayev and his followers (Kudrina, 1973).

So, at the initial stages of modeling, functions and constants to describe photosyn-
thesis and respiration were selected empirically (as it was done in the mentioned Ross1

model), whereas different optimization principles were applied to describe distribution of
the assimilates (Rachko, 1979).

At the present stage of modeling the growth and development of trees, distribution
of the metabolic products has gained a model description (for instance, K.Kull.O.Kull,
1989). It is assumed that process of growth should play a regulating role in the mentioned
distribution process. As a result, functioning of the system turns out similar to the
optimum one.

2.3. Modeling of forest stands

Originally, modeling of the forest stand, as well as modeling of a separate individual,
was based upon empirical models describing the changes of stand characteristics (number
of trees, total mass of forest stand, etc.) over time. In this case, self-thinning is considered

as a principal process, and many formulae have been suggested to describe it (see, for
instance, survey by Oja, 1985, and the above- mentioned monograph by Terskov and
Terskova). The widespread low of self-thinning corresponds to the '3/2 law' (using in
computer simulation models) which represents the allometric power relation between the
total biomass of forest stand and the number of stems. We can also mention some recent
works concerning this issue (Zeide, 1987, Korzukhin, Semevsky, 1992).

The study of interactions between neighboring trees (i.e., competition processes) is
very essential for the understanding of stand dynamics. Within the simplest models, the
mutual competitive influence is taken into consideration mainly with the aid of the so-
called competition indices associated with the 'nutrition area' of trees (polygonal models,
Shvidenko, 1981; growth zones, McMurtrie, 1981, etc.). As a matter of fact, such models
are not ecophysiological ones, but they may be useful for the forestry purposes since they
take into account the biometric indices to be determined easily by the field measurements.

Mathematical modeling of interaction and competition between separate trees for ex-
ternal resources (light, water, area of growth, etc.) is a necessary link to proceed from
the models describing separate trees to the models of the phytocenotic level. Application
of competition indices is of little use in this case. The most complete description of the
interaction processes, by taking into account the spatial structure, is given by the interac-
tion potentials with the subsequent including into the model a forest stand described with
the aid of Markov' fields (Grabarnik, 1991). However, such an approach entails significant
mathematical difficulties which are not always adequate to the tasks to be solved.

The more widespread approach is to describe interaction processes by means of calcu-
lating the external resources falling to the share of a separate tree. The obtained results
are then described with the aid of the 'regulating functional' that represent certain aver-
age values for a current distribution of trees in the population. Typical examples of this
approach are given by the models that describe competition for light (leaf canopy being
simulated by using of the 'turbid layer' (Monsi, Saeki, 1953, K.Kull,O.Kull, 1989, and
others), with some modifications for multispecies or multistoried stands (Karev, 1984,),
models applying the systems of vertical or horizontal screens (Korzukhin, Ter-Mikhaelian,
1982, 1987), models to analysis competition for area of growth (Galitsky, Tuzinkevich,
1987, Galitsky, Komarov, 1990, Korzukhin, Semevsky, 1992), distributed models of root
competition (Karev, Treskov, 1982, Tuzinkewicz, Frisman 1988) , and some others (the
detailed analysis and references are given in (Antonovsky et al., 1991a).

Synthesis of the models describing dynamics of a separate tree and the models ana-
lyzing competition for external resources makes it possible to proceed to the population
models, i.e. those to describe dynamics of the forest stand or one generation of the tree
population. Such models can be applied , in particular, to analysis the interesting issue
concerning strategies of growth and development of plants depending on the environmen-
tal conditions. One of the principles to be applied by the general modeling of biological
objects (in particular, when modeling the plant ontogeny) is the principle lying in the fact
that organism itself optimizes its functions, from the standpoint of natural selection. This
principle may be realized in two ways, namely by means of maximization of production ,
or maximization of the number of progenies. The first strategy was applied in the models
developed by Rachko (1979), Nilsson (1977), Oja (1986) and others. The second strategy
corresponds to the principle of differential survival of individuals, in the form given by
Holdane-Semevsky (Semevsky, Semenov, 1982).

To model the dynamics of tree populations for times exceeding the lifetime of one gen-



eration, it's necessary to describe the renewal process, and, as a rule, to take into account
the age structure. Analysis of the age dynamics (without considering any characteristics
of the individuals, with the exception of age) has been carried out, starting from the works
of Lotka (1925) and Volterra (1931), on the basis of the linear models of three types: both
temporal and age discrete models, temporal continuous and age discrete models (Leslie's
models), and, finally, both temporal and age continuous models (Lotka's models). Models
of the mentioned three types are applied to study the population's asymptotic behavior.
So, the main result concerning Lotka's models is presented by the Lotka-Sharp's theorem
about existence of the unique limit stable distribution of the population (the modern for-
mulation of this theorem is given by Webb, 1984). Important results concerning Leslie's
models for different biological communities are presented in the book by Svirezbev and
Logofet (1979).

Non-linear models of age dynamics are more complicated for analysis, but they are
much more realistic. So, non-linear models featured by a discrete age (Gavrikov, 1985,
Korzukhin, Scmevsky, 1992) have been constructed to study the well-known phenomenon
of forest dynamics, namely variations of the age structure for the populations of trees
regarded as strong edificators. Such models served as a basis for modeling the influence
of insects on the numbers of tree population with age structure (Antonovsky et a], 1991b,
1991,Kuztctsovet al, 1993).

An unusual degree of interest has been shown in the models of age dynamics with
continuous age and time, after the work by Gurtin and MacCami (1982) being published
which was followed by a flow of publications on analysis and application of the non-
linear models of age structure. Generalization of those models, in case of many 'internal'
structural variables (to describe the dynamics of a separate individual), has led to the
theory of structural population models.

It's of great interest to apply the models being 'transitional' from Leslie's models
to Lotka's ones which were presented by De Roos, Dieckman, Metz (1992), and others.
Mathematical formulation of such models results from the further development of the
computing method applied by solving differential equations with partial derivatives {EBT
method) to be used in Lotka's models with continuous time (De Roos, 1988). There-
fore, the models of EBT type, including the non-linear models with internal structure,
are perfectly adapted to numerical analysis. Formulation and compilation of the forest
dynamics models, in the form of EBT-models, may be useful both in theoretical and
practical respects.

The contemporary state of mathematical modeling of forest stand dynamics is deter-
mined by two different, but closely connected circumstances. First, the theory of struc-
tural population models, or 'individual-based models' (Deikman, Metz, 1986, De Angelis,
Gross, 1992), is considered as an adequate mathematical tool to describe the dynamics of
ecophysiological models. This theory links the behavior of population, as a whole, with the
dynamics and interactions of the separate individuals. In the second place, development
of the theoretical ecological conceptions has led to arising of the so-called layer-mosaic
conception of spatio-temporal dynamics of forest stands (see the survey by Korotkov,
1991). With some simplifications, tree population is considered as an aggregate of loci
(sections) that are described, at any moment, by different age, density of tree numbers,
size and, in case of communities, species composition. The loci are subject to changes,
and they develop a synchronously in time. The interaction of loci decreases in time, as
compared with the intra locus interactions.

This conception that seems to have arisen out of works by Watt (1947) and Aubreville
(1971), has been intensively developed over the last years (see Shugart, 1986, 1992),
including the works of Russian authors.

In the works by Smirnova et al. (1990 and others), an approach is presented (on the ba-
sis of the actual data, including those obtained by the author) to analysis circumstantially
the layer-mosaic conception with reference to forest stands composed of the multispecies
loci. The verbal model was also proposed by the author to be realized subsequently,
in the form of the detailed simulative computer mode! orientated towards working out
the short- and middle-term forecasts (Popadiuk, Chumachenko, 1991). The less detailed
verbal model orientated towards the working out the long-term forecasts and studying
qualitative features in the behavior of tree populations, was proposed by Buzykin et al,
(1976). This latter model answers perfectly the aims and possibilities of the analytical
modeling, and the respective mathematical model was proposed and studied by Karev
(1992,1993a). Within the framework of this models, the theoretical conclusions drawn by
(Buzykin et al.,1986) assume a character of the precise mathematical statements.

Layer-mosaic conception has led to arising of the hierarchical sequence 'individual tree
- subpopulation of trees - population ecosystem1, with a new untraditional organization
level (subpopulation) being included (terms 'locus', 'cenon' and 'gap' are used by different
authors and in different contexts). It's remarkable that the structural models of forest
stands at the subpopulation level to be included in the hierarchy, resulted not in the com-
plication, but in the simplification of the models describing populations and ecosystems.
This is bound up with the fact that complicated non-linear interactions of trees are 'local-
ized' in the subpopulation model, whereas the population, taken as a whole (considered
as a metapopulation that consists of a large number of subpopulations featured by the
complicated internal dynamics and, at the same time, by the negligible interactions with
each other), is described with the aid of a linear structural model. Asymptotic behavior of
such model was studied in full (Karev, 1992, 1993b). It has been proved that (irrespective
of in how many details the dynamics of a separate tree is described, and independently of
the competition and interaction of trees in subpopulations) it exists , for the metapopula-
tion as a whole, the unique stable (climax) distribution being the limit of the convergence
process according to the exponential law , while originating from any initial state. It
has been discovered the precise form of the limit distribution that depends on the initial
structural values, self-thinning rate, as well as parameters describing the environmental
conditions and processes of birth and mortality of subpopulations. A convenient method
has been proposed to find the distribution of numbers of the structural age cohorts within
a climax distribution.

£.4- Gap-models and structural models of tree communities

In this section, we'll have a brief discussion of the interesting and important connection
between analytical structural models that are considered above and computer gap-models
that have been widely practiced over the last 20 years. The first of the applied gap-
models turned out the model JABOWA (Botkin et al., 1972) proceeding from which
different authors (Botkin, Shugart, Prentice, Bonan et al.) have constructed a number
of gap-models intended for obtaining forecasts of the dynamics of forest ecosystems for
different periods and climatic zones. All these models are characterized by a common
methodological basis while differing from each other only in some details. In order to
work out the necessary programs and make calculations, the availability of the efficient



modern computers and the considerable consumption of time are required. Monograph
(Srnigart, 1984) contains the basic conceptions, models and results of gap-modeling.

That application of gap-models has proved successful is explained not only by the
opportunities presented by modem computers, but, in our opinion, rather by the fact that
principal methodological assumptions, being the basis of these models and caused initially
by feasibility and practicalness of computer realization for the simulation purposes, proved
to be adequate, in a fortunate way, to the modern conception concerning the layer-mosaic
spatial-temporal structure of forest ecosystems.

From the standpoint of theoretical ecology, gap-models represent (more or less simpli-
fied) realizations of this conception, models of the last generations (FORET, FORSKA,
ZELIG) being distinguished by a considerably more extensive (as compared with the first
gap-models) application of theoretical ecology to validate them.

On the other hand, gap-modeling may be considered , on the whole, as a large-scale
computer experiment to verify the main principles and consequences of the layer-mosaic
conception.

The problems of essential enlarging of space and temporal scales of local gap-models
are difficult and very important now (Urban et al., 1989, 1991, Solomon, Shugart, 1984).
We believe that these problems can't be solved completely with the help of better programs
and more powerful computers but also on the foundation of new mathematical approaches
and methods. Some of these methods are developed by the theory of structured models
of forest dynamics (Karev, 1993a, 1993b). Consider briefly the problem of long-time gap-
modeling.

The computational procedures to be applied in these models (computing the dynamics
of communities for a large number of usually independent gaps with the subsequent aver-
aging of the obtained results) can lead to the correct results by the necessary observance
of the following statements (it is strange to say, but there were no attempts to prove or,
at least, to formulate them):

1. Distribution of gap's metapopulation converges, for long spaces of time, to the limit
distribution {in particular, oscillatory or chaotic regimes are not to be found). 2. Limit
distribution is unique, stable and to be reached rather quickiy.

It's easy to understand that the computational procedure may turn out to be incorrect
if any of the above-mentioned statements is not observed.

It is very important, that from the mathematical point of view, gap-models may be
considered as computer realizations of the structural models of metapopuiations that
consist of a large number of "individuals" - subpopulations (cenons, loci or gaps). As
regards the gaps, they are more or less complicated models of the even-aged one-or multi
species forest stands. As stated above, the asymptotic behavior of such metapopulations
is already studied for the structural models, and it's precisely this behavior that assures
the correctness of calculations by gap-modeling.

These results allow to approach in another way, a question of applying the gap-models
and to study, by means of these models, the influence of the different environmental
conditions, including the global climatic changes. We mean the possibility with the aid of
the above-mentioned results to proceed directly to study the asymptotic behavior of the
corresponding model describing the metapopulations of gaps (loci) by different parameter
values, the initial distributions, etc., that is in keeping with the analysis of climax states
of forest ecosystems while varying the climatic scenarios.

Such approach makes it possible to evade the protracted calculations related with

the passage of a bulky simulation model for long spaces of time and for each climatic
scenario, and, hence, this approach can serve as an independent useful supplement to the
above-mentioned models.

Concluding this section, we can note that a comparatively uncommon situation has
arisen in the considered field of research: the existing modern theoretical works concerning
the layer-mosaic conception of structure and dynamics of forest ecosystems have served as
a basis to develop the detailed simulation computer models, as well as the first analytical
models , to elaborate the adequate mathematical tools for constructing and analyzing
these models, and to realize the large-scale construction and application of the computer
gap-models. Synthesis of all the mentioned activities allows to hope for development of the
tools to facilitate the reliable forecasting of the changes in the state of forest ecosystems
by the different scenarios of environmental conditions, including the climatic changes,
different conditions of forest exploitation, forest fires, etc.

2.5. Modeling of successional processes in forest ecosystems

Theoretical substantiation of models of forest landscape dynamics is far less developed
than that for lower levels of organization (population or phytocenosis), probably because
of the necessity of accounting for the hierarchical organization of flora in a single three-
level model (specimen - phytocenosis - landscape). This calls for distinguishing different
characteristic time period and imposes certain structural limitations on the model.

Mathematical modeling of plant succession was developing in two essentially different
directions (Shugart, 1984, Leps,1988, Urban,Shugart, 1992). The first one is a gap- mod-
eling of successions (models of JABOWA-FORET type). Models of alternative type are
known as Markov models and operate with proportions of territories occupied by succes-
sions occurring at certain stages of development without taking into account the inner
stage dynamics. Mathematical tools of both type dynamics are quite different.

The synthesis of this two main types of succession models offers the actual problem
now. The computer simulation system using the linkage between this two approaches was
described by (Avecedo et al, 1994). Analytical approach to the same synthesis problem was
realized as a structured markov model of succession by (Karev ,1994). The model allows
for the description of the process of natural succession dynamics of forest ecosystem within
a given territory.together and in relation to internal forest dynamics; their specific cases
are represented by Markov models and gap-models in the form of analytical structured
models.

The areas occupied by forest of a specific type.age and "status" at any moment are the
values to be determined from the model. It is assumed that both the rate at which the area
decreases and the stochastic successional matrix of transition are given. For the models
of the introduced class,it has been proven that the natural dynamics of the ecosystem
leads to a unique stable state (i.e.distribution of the areas occupied by forests of defined
types,ages,and status) which is attained by the exponential speed. This distribution has
been described in its general form. Note,that models of introduced class can be used for
describing of dynamics of community consisting from many interconnected populations.



3 Reference-information base of ecophysiological
models describing plant communities

When classifying the published works on the ecophysiological modeling of plant commu-
nities, the information base of ecophysiological models may be considered as the first
stage in order to establish dialogue servicing for the bank of annotated and commented
abstracts of the works related to the models describing the development of plant commu-
nities and their interaction with environment. This information base has been realized
on the basis of the data -base management system DATABASE for the personal com-
puters of the type PC/AT/XT. Within the framework of this system, the 'abstract' is
implied to be a classical bibliographical description of the corresponding published work,
coupled with a description of its semantic structure. With that end in view, the abstract
contains also such divisions, as 'matrix index', 'comment' and 'key words'. Moreover;
the divisions 'degree of realization1 and 'computer type' are introduced into the abstract
in order to show to what extent the model described in one or another work, has been
realized. Structure of the abstract is presented in Fig.2. The data base will run in one of
the two main modes, CATALOG and BRANCHING, each containing the forked MENUs.
In the CATALOG mode, new abstracts are to be entered in the data base, entering of the
matrix indices (that reflect the semantic structure the published works) being facilitated,
as much as possible, owing to the proper HELP lines. This mode provides for readout,
printout or disk recording of the commented abstracts from the data base, as well as
for search of the works with common specific features to be set by users (according to a
'key'). Such a key may reflect bibliographical features of the work (author's name, title,
etc.) or its semantic structure. In the second case, a matrix index is to be set directly by
users (keyboard input with the aid of HELP lines), or by means of moving through menus
in the mode BRANCHING. (Naturally, even a 'part of key', i.e. some symbols from a
key, may be regarded as a certain key). The BRANCHING mode assumes the moving
through a tree of semantic levels giving concrete expression to the topics of the published
works to be found within a base : purposes and objects of modeling, mechanisms of ob-
ject functioning and mathematical methods to describe them, algorithms of a study. The
main blocks of the classification proposed within data base, are presented in the MAIN
MENU (Fig.3). The data base is a multilevel one, each level being defined by its own
menu (fragments of such menus are shown in Fig.4). Each level gives an opportunity to
work either in the CATALOG mode , or again in the BRANCHING mode white moving
up and down the branches of graph. Thus, it's the user who shapes a class of abstracts
which he would like to obtain, and, thereupon, read on the screen, print out or save onto
the disk for the following work (Fig.5). With that end in view, the mode 'RECORD
BOOK' is introduced into the system. Henceforward, it seems to be advisable to extend
the present onformation system in the following directions:

1. Extension of the data base structure owing to the more precise definition of semantic
levels;

2. Construction of a block to connect the present data base with the standard reference
information bases;

3. Improvement of search structure in order to realize searching over several semantic
levels at the same time;

4. Extension of the opportunities given by the 'RECORD BOOK' mode owing to

10

introduction of the improved editor, updating of the data banks being useful when com-
paring models, description of a number of mathematical methods to analyse models, as
well as programs allowing such analyses;

5} Introduction of the 'CALCULATIONS' mode, i.e. a block of the simplest model
calculations to be carried out without a system being left.
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