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INTRODUCTION

Dear colleagues,

These proceedings are aimed to illustrate in a way
the actual situation in forest modelling in Europe and
USA. Hopefully you can find new ideas and inspira-
tions in this special issue of Lesnictvi-Forestry. I am
glad that the IUFRO conference of working group
S$4.01.04 on Growth Models could be held in Prague
thanks to the support of the Ministry of Agriculture of
Czech Republic, Forest and Game Management Re-
search Institute Jilovi§té-Strnady, Prague and European
Forest Institute, Joensuu, Finland. The presentations of
17 participants from eight countries gave a broad over-
view of forest models used in different countries. The
main aim of the conference was to demonstrate the
practical aspect of modelling which should be applica-
ble in forest management and forest policy. Aspects of
public environmental policy were also discussed.
Moreover, issues concerning IUFRO organization such
as the actual and future scientific relationships in the
Czech Republic and at the international level were
widely discussed during the conference.

The conference focused on three main topics con-
nected with forest models:

— model and data requirements,

— scenario models,

— forest policy issues for models.

The conclusions of the conference can be shortly
described as follows:

— There is no universal model which can be used eve-
rywhere and every time. Data or information should
be closely related to the complexity of the model: it
is not very wise to use a very sophisticated model
with poor data and vice versa. Changes in inventory
technologies (see the example of Germany) create
new possibilities for models. Modelers and other
scientists should cooperate with people involved in
inventory to find out what kind of data is needed for
the good knowledge of the actual situation in forests.
How this data could be collected to be accurate
enough but at a reasonable cost is another important
question which should be resolved quite early. Data
on an ecosystem level and landscape level is becom-
ing more and more important, showing one main di-
rection of the actual ,state-of-the art“ modelling in
forestry.

— A special branch of modelling is scenario modelling.
Scenario models have to use not only exact data but
also knowledge of actual and future problems and
dangers which can have a great impact on the situa-
tion in forestry. This ,,softknowledge* should be used
as a basis for the preparation of scenarios. Many
countries (Finland is a good example) pay great at-
tention to mapping the situation in scenario research
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in different specific fields to prepare complex views

on a national and/or regional level. The ,catalog” of

the scenarios and their results should serve as deci-

sion support systems for policy making. .

— It was mentioned more than once during the confer-
ence that there is a lack of connections among the
different models and their results. These relationships
are, however, very important for the practical use of
the results of the model. The hierarchical structure of
more complex models can help to resolve these pro-
blems. Models vary in complexity because of the
fact — as mentioned above — that there is no universal
model but models which have been constructed for
different purposes. This variation can be seen in these
proceedings as well.

— Another — rather general — question that was raised at
the conference concerning scenario models was who
should determine which approach should be used in
scenario modelling and/or in forestry as the general
goal? Foresters, other specialists or public opinion?
Five sessions during the conference covered the

main subjects. Ms. S. Fox from the USA discussed

in her paper how to make research relevant to forest
policy and gave an overview of the scenario models
used in USA.

Different European and American models were pre-
sented:

R. Pdivinen described a strategic planning sys-
tem for large forest areas in Finland. The method has
been used for ten years to study the possibilities of
a forest area of several hundred thousand hectares,
owned by private companies. The development of
stands in the model is simulated as a function of site
type, tree species, age and growing stock volume per
hectare. The expected drain from thinnings and clear-
cuttings is associated with the management rules ap-
plied in the simulation.

D. S. Solomon demonstrated the forest policy
model for New England region. The current policy in
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US addresses a variety of ecological and environmental
concerns. To meet the needs of policy-makers, tradi-
tional tree and stand models must be based on ecologi-
cal processes to project a broader consideration of re-
source values. The forest growth model FIBER is being
extended to interrelate projection of forest succession,
wildlife habitat, biodiversity, deadwood production,
and economic return.

I. Kupka demonstrated a forest scenario model
for Czech forests. The model takes into account the
twenty most important factors influencing the future
situation in Czech forests, and all their variations.
These 432 variations of possible scenarios represent to
a certain extent all possible future situations in Czech
forestry. The most frequent situations in this spectrum
have the highest probability to become reality and serve
as the basis for future analyses.

Methodological aspects of models described by C.
D. Bevins in his presentation Forest Succession
Modelling Using the Loki Software Architecture arouse
special interest. Architecture enables any number of
concise, domain-specific simulation models (clients) to
operate and communicate concurrently as an integrated,
holistic ecosystem simulation. The LOKI session ma-
nager synchronizes the event-driven simulation. The
model can integrate different influences (weather, fo-
rest fuel, fire, terrain etc.) with forest ecosystem growth
and succession models.

A. Falcao has listed four methods as examples of
possible tools for forest models: fractal and dynamic
systems, cellular automata, fuzzy logic and expert sys-
tems, and neural network.

M. Gane described in his paper Modelling Growth
with TIMPLAN, a growth model which forms a part of
a much larger, comprehensive model of the forest sec-
tor, including forest resources, harvesting, wood pro-
cessing and trade. The modelling system is based on
the principles of ,,system dynamics” and uses standard
components called levels, rates, auxiliaries, delays,
supplementary arrays and variables.

In his paper The MELA System as a Forestry Mo-
delling Framework M. Siitonen showed that
MELA is a synthesis tool for solving problems of how
to manage forest stands in order to achieve the overall
goals at each particular decision situation.

Paper of M. Tomé and her colleagues presented
by A. Falcao has referred to model for Eucalyptus
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spp. — for Central Europe quite an exotic tree with
annual height increment of 2-4 metres. Their attempt
to include stand responses to silvicultural treatment,
soil and climatic variables in the model very interesting
for all conference participants.

J. Hradetzky presented a very interesting paper
describing a model based on the results of national in-
ventory 1986-1988. The data of this survey represents
the basis for the prediction of forest development tak-
ing into account all possible silvicultural measures. The
limits of the model — said the author — lie in the uncer-
tainty of the future growth trends of trees and forest
stands. It is known that since 1960’s growth has con-
siderably increased in European forests. There are no
reliable facts, however, indicating that the actual growth
trends can also be expected in the future.

J. Hynynen expressed in his paper the view that
models should be able to predict reliably the effects of
various silvicultural treatments, e. g. how the growth
response to thinning and fertilization can be predicted.

P. Hordcéek presented an empirical model as
a synthesis of the changes in the average growth poten-
tial with age expressed by the age trend of tree-ring
growth, and annual variations of the actual values
round this trend.

R. Petrd§’s models are the prediction of volume,
quality and value production in Slovakian forests. The
paper presented ,,continuous mathematical models* of
domestic growth tables for 13 commercially important
tree species.

Unfortunately, not all presented papers can be in-
cluded in these proceedings. Some authors were not
able to submit their manuscripts in due time despite of
my and editor’s effort. The proceedings are thus incom-
plete, but, on the other hand, can any scientific report
ever be complete?

It was a great pleasure to work together with the
people in the organizing committee and I would like to
express special thanks to my colleagues, who helped
me a lot with the organizational work, namely to Mss.
Kopfivovd and Bohdcova.

I would also like to thank the editorial board of
Lesnictvi-Forestry for giving us the opportunity to use
this scientific journal for publishing the proceedings of
this conference. Special thanks also go to the editor,
Mgr. Chlebedkovd, for her patience and editorial work
with the authors.

Ivo Kupka, chairman of WG §4.01.04
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A STRATEGIC PLANNING SYSTEM FOR LARGE FOREST

AREA

R. Piivinen', M. Halinen’

IEuropean Forest Institute, 80100 Joensuu
Tehdaspuu Oy, 45101 Kouvola

A long-term forest management planning system, based
on standwise forest inventory data and stand growth mo-
dels, is presented in this paper. The development of
stands is simulated as a function of site type, tree species,
age and growing stock volume per hectare. The expected
drain from thinnings and clearcuttings is associated with
the management rules applied in the simulation. The met-
hod has been used for ten years to study the production
possibilities of a forest area of several hundred thousand
hectares, owned by private forest industry companies.
Compared to more sophisticated methods, based on tree-
wise growth functions and linear programming, the met-
hod is simple and does not allow for a very flexible
comparison of alternative cutting strategies. However, the
method is easy to use and the users are satisfied with its
transparent structure.

forestry model; long-term forestry planning; forest inven-
tory; production; Finland

INTRODUCTION

In Finland, long-term forestry planning has been
conducted by utilizing three kinds of approaches:

a) The cutting budget for a desirable growing stock,
based on aggregated data units

b) Simulation of stand characteristics using standwise
growth models

c¢) Simulation of tree or tree-class growth, deriving sev-
eral future developments for data units and selecting
the treatment program by mathematical program-
ming.

a) In the method published by Kuusela,
Nyyssonen (1962), the forest inventory data are
aggregated to 5-10 age classes, each of them having
average site class and tree species distribution. For
each class, the increment percentage was interpo-
lated from the appropriate growth and yield tables.
The allowable drain for an age class is derived as
the difference between present volume plus the in-
crement and the goal volume for the class. The final
fellings were derived according to the rotation ages.

b) The utilization of standwise models is based on
a stand or a sample plot as the data unit. The devel-
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opment of the growing stock is simulated using
stand growth models, management regimes and pre-
defined rotation ages. For each data unit, one stan-
dard development program is proposed. The drain is
derived by adding up the removed volume from the
thinnings and final cuttings within a 10-year period.

The decision-maker is able to evaluate the outcomes

for the following 10-year periods, and if any

changes are necessary, rotation ages or thinning
rules can be adjusted towards the desired goal.

c) The most advanced method in Finland is MELA
(Siitonen, 1993) which employs the increment,
ingrowth and mortality models based on diameter
class of a certain stand type as data unit. For this
approach, the growing stock has to be described in
terms of diameter and height distributions. If diame-
ter distribution is not predicted by tallied trees, it can
be estimated by using models based on Weibull- or
beta-functions. In the MELA, several alternative de-
velopment programs are derived for each data unit.
Linear programming is used to find the optimal pro-
duction program for a forest area.

In this paper, a model belonging to group 2 is de-
scribed in more detail. The model was created by the
first author in the mid 1980’s and developed further by
the second author. The model is called KUHA and it
has been used for strategic planning for a private forest
company Tehdaspuu since the mid 1980’s. Tehdaspuu
company is managing 0.5 mill. ha of forest land in
South-Eastern Finland.

THE DECISIONS IN A FOREST COMPANY

The task of the long-term strategic planning is to
define the level of sustainable yield, based on the forest
inventory and estimated growth rates. Long-term pro-
duction possibilities have traditionally been predictable
but now the possible climate change and other environ-
mental factors may unfortunately change this situation.

In Southern Finland, private forest owners — farmers
and other citizens own 77% of the forestry land while
forest industry and state and others own 12% and 11%,
respectively. Thus, the main source of raw timber for
forest industrial companies are the private forests. The
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decision taken every year by the forest companies is to
define the drain from their own forests during the fol-
lowing year. This short-term planning problem is
solved based on
1. the long-term production possibilities of the forest,
2. liquidity of the company,
3. prospects on the timber markets in the following year.

It should be noted that the timber markets may change
over the year and thus important cornerstones for the deci-
sion making are unpredictable. Due to the uncertainties in
the decision-making both in the long-term and short-term
tasks, the company managers feel that sophisticated optimi-
zation methods for long-term planning are not necessary.

For the planning system it would be beneficial to
derive operational plans from the long-term planning
directly. This is possible if the data unit for future pre-
dictions equals to the units to be treated in the forest.
In Finnish conditions, a stand or a compartment with
an average size of 2 to 5 hectares in Southern Finland,
is such a unit.

To fulfil these requirements, KUHA-software was
developed. It is based on growth and cutting simula-
tions of each stand within the forest area.

FOREST INVENTORY

The forest inventory in the company has been car-
ried out using standwise ocular assessment with the
help of some measurements (basal area, height and age
boring). The forest stands are delineated using false-
-colour aerial photographs, and each stand is visited by
a surveyor. The following stand characteristics are reg-
istered:

— forest site type according to Cajander’s classification,
— age and development class,

— dominant and mean height,

— basal area median diameter,

— basal area,

— growing stock volume,

— tree species proportions,

— drainage on peatlands,

— restrictions for treatments.

Before the 1980’s, the standwise inventories were
carried out every 10 years. Currently the stand register
is updated by growth models. After each thinning,

1. The checking plot
network in a sampled
stand
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clearcutting or other treatment the stand information is
remeasured and the stand delineation checked. The new
stand boundaries will be put into the computerized
map-drawing system used in the company. The remeas-
urement period of the stand information varies from 5
to 30 years. However, the stands which are growing
fast will be thinned and updated by measuring more
often than the slowgrowing stands.

The stand register can be checked by measuring
a sample of the stands in detail using a relascope plot
network (Laasasenaho, Pédivinen, 1986)
(Fig. 1). Ratio estimation — based on updated informa-
tion and checking — makes it possible to correct any
bias in the stand register and to derive the standard
error for the total growing stock estimate (Fig. 2).
These kinds of checkings have been carried out for the
half of the company’s forest area in 1980’s and for
a strata consisting of young stands only in 1993.

SIMULATION OF THE STAND DEVELOPMENT

The basic information for growth simulation is the
updated stand data. The future scenarios are derived by
utilizing the same stand growth models as in the updat-
ing. In the regression models presented by Nyys-
sonen, Mielikdinen (1978), growth percentage
is derived as a function of
— main tree species of the stand,

— Cajander’s site type class,
— growing stock volume/hectare,
— age of the stand.

The respective development of the mean height is
derived by using growth and yield tables compiled by
Koivisto (1959). Whenever a new volume and
mean height are simulated, the new basal area is de-
rived based on the ,relascope tables“ by Nyys-
sonen (1954) where the growing stock volume is
presented as a function of mean height and basal area.

Thinning regimes in the simulation of the stand
characteristics are the same as those used in the field
operations. Whenever the basal area in a certain
dominant height class exceeds a certain ,thinning
limit"“, approximately 30% of the volume is removed.
After that, new characteristics for the thinned stand
are calculated.

CHECKED VALUE 2. Principle for the

comparison of the origi-
nal and checked values.
The difference between
the bold and dashed
lines refers to the bias
in the updated data

ORIGINAL VALUE

LESNICTVI-FORESTRY, 4/, 1995 (4): 147-150



VOLUME
miha clearcutting
300 l
thinning
w|
100

T I 1 T I

LA L
80 80 20

LISELIY S AGE

3. Simulated , basic* scenario for a stand with 140 m*/ha at the 35
years of age: Thinnings at the ages of 45 and 65 years and clearcut-
ting at the age of 90, followed by planting

THE PLANNING PROCESS

The planning is carried out by subareas in order to
guarantee a geographically even distribution of cuttings
because the forest property of the company is scattered
on a large area in Eastern Finland. In the first phase,
a basic scenario is derived by using normal thinning
rules and rotation ages. Alternative management pro-
grams are derived for each subregion by varying the
regeneration age. First, the stands to be regenerated
within a certain 10-year period according to ,,basic sce-
nario®, are arranged in a ,,priority order®, based on their
age and growing stock volume. From this prioritized
regeneration list, stands are selected in order to fulfil
the alternative goals for the drain. It should be noted
that thinnings are considered by the company as
a ,,must” and the alternatives are created by changing
the regeneration ages only.

The level for the long-term drain is selected from
that set of alternative programs which will sustain or
increase the level of cutting possibilities and does not
decrease the area of regeneration cuttings.

The result of the planning process is summarized
information on the forest area, growing stock volume,
increment and the drain by assortments; this all is given
by age classes, site types, tree species and other inter-
esting characteristics. All this information is presented
for the following five 10—year periods.

The connection to the operative planning is clear:
since the whole management plan is aggregated from
stand programs each stand has a management program.
However, the management program is regarded as
a goal, and for the field staff certain changes — e. g. due
to the cutting concentrations or unpredictable field con-
ditions — are allowed. The annual drain may also vary
around the long-term level as a consequence of short
term changes in timber markets. The company may also
need temporarily certain assortments more than the se-
lected long-term program allows and, thus, change the
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cutting program. A new long-term planning process
will be carried out in five years again.

EXPERIENCE AND CONCLUSIONS

According to the almost 10-year experience of the
KUHA software, the main advantage for the company
has been that the utilization of their own forest property
is more efficient than before. Stand by stand calculation
is very transparent and easy to check. Due to the increa-
sed confidence in the planning system the need of large
safety marginals in defining the level of sustainable
yield is no longer necessary.

Compared to the field-based cutting proposals, it has
been learned that even for an experienced surveyor it
is difficult to estimate the growing speed of young for-
ests. Therefore, the growth simulation by computer has
turned out to be more accurate especially in defining
the timing of the first thinning.

The standwise scenarios have shown to be a suffi-
cient basis for operative planning. However, in the fu-
ture, more information from the stands may be needed
and the measurements need to be more accurate and
detailed than before. Different land-use restrictions,
needs for multiple use or biodiversity protection will
emphasize the need of Geographical Information Sys-
tems development in the coming years.

As seen from the forest manager’s point of view,
a system based on stand simulations with the possibil-
ity to adjust rotation ages, sufficiently fills the gap of
uncertainty in defining the level of drain for short and
long terms. The benefit of more sophisticated systems
may be obscured due to the uncertainties in the growth
rate, the fluctuations in timber markets and the loss of
the transparency of the planning system.

References

LAASASENAHO, J. - PAIVINEN, R., 1986. Kuvioittaisen
arvioinnin tarkistamisesta. (Summary: On the checking of the
inventory by compartments.) Folia for., 664: 26.
KOIVISTO, P., 1959 (ed.). Kasvu- ja tuottotaulukoita
(Growth and yield tables). Commun. Inst. for. fenn., 51: 49.
KUUSELA, K. - NYYSSONEN, A., 1962. Tavoitehakkuu-
laskelma. (Summary: Cutting budget for a desirable growing
stock.) Acta for. fenn., 74: 34,

NYYSSONEN, A. - MIELIKAINEN, K., 1978. Metsikon
kasvun arviointi (Estimation of stand increment). Acta for.
fenn., 163: 40.

NYYSSONEN, A., 1954. Metsikén kuutiomadrin arvioimi-
nen relaskoopin avulla. (Summary: Estimation of stand volu-
me by means of the relascope.) Commun. Inst. for. fenn., 44:
30.

SIITONEN, M. 1993. Experiences in the use of forest mana-
gement planning model. Silva fenn., 27: 167-178.

Arrived on 15th November 1994

149



SYSTEM STRATEGICKEHO PLANOVANI PRO LESNi OBLAST

R. Piivinen', M. Halinen®

z Evropsky lesnicky istav, 80100 Joensuu
2Tehdaspuu Oy, Kouvola

V prici pfedkldddme systém dlouhodobého hospo-
défskotipravnického pldnovini, ktery vychdzi z dat zi-
skangch pfi porostni inventarizaci lesii a z ristovych
modelid porostu. Simulace v§voje porostl je funkef ty-
pu stanoviité, dfeviny, véku a objemu dievni zdsoby na
hektar. Oekdvané odcerpéni dfevni hmoty pfi probir-
kdch a mytné t&Zb& souvisi s pravidly hospodaieni, kte-
rd se aplikuji pfi simulacich. Tuto metodu jsme pouZi-
vali deset let pfi studiu produkénich moZnosti lesi
o rozloze nékolika set tisic hektarti, kterou vlastni sou-
kromé lesnické spole&nosti.

Ve srovndni se sloZit€j§imi metodami, které vycha-
zeji z ristovych funkef jednotlivych stromil a z linedr-
niho programoviéni, je tato metoda jednoduchd a ne-
umoZiiuje pifli§ pruzné srovndvani alternativnich
t€Zebnich strategii. Na druhé strané je metoda snadno
pouZitelnd a uZivatelé jsou spokojeni s jeji transparent-
nf strukturou.

model lesniho hospodifstvi; dlouhodobé pldnovani
v lesnim hospodéfstvi; inventarizace lesd; produkce;
Finsko

Contact Address:

Dr. Risto Pdivinen, European Forest Institute, PO Box 333, 80100 Joensuu, Finland

Upozornéni pro autory védeckych ¢asopisu

Z divodu rychlej$tho a kvalitn&jstho zpracovani grafickych pfiloh (grafl, schémat apod.) p¥isp&vki
zasflanych do redakce Vds Zdddme o jejich doddni kromé ti§téné formy i na disketdch.

Tyka se to samoziejmé t&ch grafickych piiloh, které byly vytvofeny v n&jakém programu PC (napf.
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FOREST SCENARIO MODEL FOR THE CZECH FORESTS

I. Kupka

Forest and Game Management Research Institute, 156 04 Jilovisté-Strnady

The Czech forestry is faced with new challenges due to
changes in forest management, political changes and
other problems that are rather common for the Central
Europe forestry. The most harmful factors influencing
the Czech forests are wind and snow damage, damage
caused by red deer, insects, fungi and air pollution. A new
issue could also be possible extensive afforestation of non-
-forest land. There is a clear symptom of the increasing
unstability of forest ecosystems: the increasing amount of
salvage cutting during the last twenty years. The main
target of forest policy is to achieve the stability of forests.
Forest scenario models are one of the instruments helping
in this target. The input data for the scenario model is the
data from the Czech national inventory. The basic unit of
the model is the age degree broken down by species group
and management system where information about stand
area, growing stock, planned thinning and final cutting is
available. The most important 20 influences were chosen
for scenarios of future situation in the Czech forests and
all their variations (432 scenarios together) were taken
into account. These 432 possible scenarios represent to
a certain extent the future situation of Czech forestry.
The most frequent simulation results in this spectrum will
most probably become a reality. The results of this model
show that we cannot expect any increase in the growing
stock in our forests for the next 60 years. When the un-
favorable synergetic influence occurs, then a decrease in
the growing stock by 15 to 20 % can be very probable.
A decrease in possible commercial cutting can also be ex-
pected from the current level.

forestry scenario model; forecast in forestry; Czech fo-
rests

INTRODUCTION

Models are now used for the testing of data synthe-
sis and hypothesis or for the explained observed phe-
nomena very widely. But we have to realize that mod-
els are still an imperfect abstraction of reality and
because critical data are not always available all pre-
dictions are subject to uncertainty (Gardner et al.,
1990). This is the case for all kinds of models. The data
availability is the crucial point for many models.
Nilsson et al. (1992) stated that there are surpris-
ingly much fewer models suitable for large area analy-
sis than the others kind of models. Some models can
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be used on different levels of resolution (Rondeux,
1993) but only to a restricted extent.

The forest inventory data have a very different com-
position from country to country. The recent changes
in forest policy lead to the obligation to change the
structure of inventory data (Tomppo, 1992). The
data which are not only restricted to classical mensura-
tion system give the opportunity to prepare model
which can use habitat classification to reflect ecological
dynamics (Solomon, Leak, 1993).

The preparation of forest scenarios should be based
on the current forestry science with a special focus on
problems of the country in quéstion.

The Czech forestry is influenced not only by eco-
nomic changes but also by new concepts in forestry and
forest management systems. The messages from Stras-
bourg and Helsinki conferences have to be taken into
account.

The main management problem in our forests is a
too high amount of salvage cuttings (Fig. 1). The un-
stability of forest ecosystems is the cause of these cut-
tings. The immediate influences causing the salvage
cuttings are wind, wet snow, red deer, insects, fungi
and air pollution. So the main target of forestry in the
Czech Republic now is to achieve the stability of fo-
rests, which cannot be done in few years.

The species composition is one of the systematic
changes leading to the higher stability of our forests.
The effort in changing species composition can be seen
from Fig. 2, where the relative composition of the spe-
cies in age degrees is shown. The changes of Norway
spruce in the species composition are the most illustra-
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1. The volume of salvage cuttings in the Czech forests in the years
1976-1993
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2. The proportion of species in age degrees for all Czech forests
(National Inventory 1991)

tive one. There is a clear diminishment of Norway
spruce in the reforestation in the 1950’s (40 years ago)
but in the 1960’s foresters gave up this effort and came
back to our most productive species but also to that
which is very sensitive to damage on sites where it is

not in its climax stadium. The situation with our second
main coniferous species is somewhat better (Fig. 2). It
is more stable but still too high from the point of view
of stable forest ecosystems. On the other hand our most
important broadleaved species, i. e. beech, is not rep-
resented well enough in our forests. Unfortunately the
increase of beech in Czech forests is a very difficult
task also for the reason of insufficiency in the seed
supply of this species.

There are other management decisions which should
be taken as basic decisions in our forestry: the average
rotation period, the main silvicultural systems includ-
ing final cutting systems and species composition to
mention only some of them.

The rotation period is very closely connected with
the discrepancy between the increment and cutting. The
situation is very similar in the whole Europe as pointed
by Kuusela (1994). Calculated ratio of drain (D),
i. e. total cut and gross annual increment (GAI) or the
ratio of felling (F) and net annual increment (NAI) for
the country groups is given in Tab. I. This ratio which
expresses how the actual increment in forests in Europe
is used with the exception of eastern Mediterranean
countries (Bulgaria, Greece and Turkey), is only 70%.
This in turn leads to an increasing level of growing
stock in forests mainly by the accumulation of overma-
ture stands — a very unfavorable situation for the forest
threatened by many harmful abiotic and biotic influen-
ces. The situation is very much the same in the Czech
forests. Another question is how these cuttings are si-
tuated in the forests and how the management plans
deal with the necessary cuttings from the silvicultural
point of view. The air pollution is a special point of
interest in the Czech Republic. While the phenomenon
attracted a lot of speculation during the last thirty years
the situation is still rather unclear. While the high le-
vels of SO, in the Northern part of the Czech Republic
is the most harmful gas there killing thousands of hec-
tares of forests in the 1970’s and 1980’s, the European

1. The inventory data of country groups 1990 (the explanation for abbreviations is in the table)

. Forest resources in Europe
Country group D NL rP LR Rob B Rub GAI NAI D/GAT | F/NAI
Northern 137.20 6.76 130.44 9.46 12098 | 14.16 106.83 | 192.40 | 185.64 0.71 0.70
Central 110.31 | 16.28 94.03 1.98 92.05 6.10 8595 | 151.44 | 135.17 0.73 0.70
Atlantic 9.88 0.18 9.70 0.82 8.89 1.07 7.82 14.56 14.38 0.68 0.67
Sub-Atlantic 56.54 3:23 53.31 4.85 48.46 0.61 47.85 78.42 75.19 0.72 0.71
Alpic 23.42 0.26 23.16 1.25 2191 1.91 20.00 30.30 30.04 0.77 0.77
Pannonic 28.73 3.7 25.02 1.26 23.76 2.19 21.57 45.29 41.58 0.63 0.60
Medit. West 3241 2.63 29.78 0.55 29.23 6.30 2293 4791 4528 0.68 0.66
Medit. Mid. 32.89 0.48 3241 3.55 28.87 4.47 24.40 48.62 48.14 0.68 0.67
Medit. East 40.55 1.39 39.16 6.39 32.76 0.91 31.86 38.10 36.71 1.06 1.07
Europe 471.93 | 34.92 437.01 | 30.11 40691 | 37.72 369.21 | 647.04 | 612.13 0.73 0.71

Notes: D — drain, NL - natural losses, F — fellings, LR - logging residues, Rob — removals over bark, B — bark, Rub — removals under bark,

GAI - gross annual increment, NAI — net annual increment
(K. Kuusela: Forest Resources in Europe, EFI Res. Rep., 1994)
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monitoring system concludes that there is no improve-
ment of crown conditions after a 50% to 70% reduction
of SO, concentrations since 1987 in most European
countries (Kandler, 1993). The reason for this is
probably that NO, and ozone have remained at the
original level.

DATA

Are degree is a model basic unit. The age degree
includes stands within the range of 10 years age. This
basic unit should be homogeneous as much as possible.
It means that the stands not only within the same age
range but also belonging to the same management sys-
tem unit, similar species composition, similar site qua-
lity and so on, should belong to the same basic unit. Of
course the homogeneity of the unit depends on the
availability of data. The more homogeneous data is
available, the more precise can be the simulation of
growth and other changes over the time.

Data from the national inventory 1990 was used for
this model. The Czech national inventory is based on
stand level information. It means that the stand data
which is collected for the management plans is used
and updated for the inventory purpose as well. Forest
management plans are prepared for one tenth of the
Czech forest area every year and that is why the stand
data from nine tenths of the forest area has to be actua-
lized by using growth models. The inventory system
has also to take into account the influences of salvage
cuttings.

Strip management system, i. e. clear cutting on small
areas, has been the main silvicultural system in the
Czech forests until now and that is why the most im-
portant driving variable for this model is the basic unit
area. The changes of this area are caused not only by
final cuttings but also by so called reconstruction of
stands which means that stands are cut down before
their maturity for the silvicultural reasons and the area
is reforested again. These planned cuttings (final and
reconstructive ones) are influenced by large salvage
cuttings as well. Usually the volume of the salvage
cutting can be ,,included* (by diminishing the planned
cuttings) in the volume of the regular cutting, but this
is not always the case. That is why the first step of this
work was to check how much these ,disturbances*
caused by salvage cuttings influenced the planned cut-
tings during the decennium. The calculation was done
by the following equation:

Pi+1y90= P(ijgo— Plicunso M
where: Py and Py, — the area of (i) and (i + 1) unit respectively,
it - planned final cutting in (i) unit for the data
from 1990 and 1980 inventory respec-

tively.
The data from the National Forest Inventory 1980
was used in the calculation and the results were com-
pared with the reality given by the data from forest
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3. Comparison of coniferous age degree areas calculated from Na-
tional Inventory 1980 and given by National Inventory 1990
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4. Comparison of broadleaved age degree areas calculated from Na-
tional Inventory 1980 and given by National Inventory 1990

For Figs. 3 and 4: figures from National Forest Inventory (dotted
line), calculated from forest management plans (thick line) by the
equation (1)

inventory 1990. The results for coniferous and
broadleaved stands are in Figs. 3 and 4, respectively.

The first findings can be drawn from this calculation
and Figures. Young coniferous stands in the third and
fourth age degrees are influenced by unplanned cut-
tings very heavily. The same results are given for the
ninth age degree. Results are quite opposite in old co-
niferous stands, older than average rotation period, i. e.
of 11 or higher age degree. If we look at the
broadleaved stands (Fig. 4) there is a different situation
in old stands. It means that the main part of overmature
stands in Czech forests are composed of coniferous
stands which are less stable and more susceptible to
harmful influences than younger coniferous and
broadleaved stands of any age. The young broadleaves
are affected by salvage cutting in the same way as
coniferous ones, but surprisingly the area of middle
aged broadleaved stands (from 6 to 10 age degrees) is
higher than predicted by calculation from inventory and
planned management. This means that a great portion
of planned reconstruction of broadleaved stands has not
been done.
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Basic unit for the purposes of the scenario model is
the age degree broken down by management system for
coniferous and broadleaved stands. There are three
management systems or categories in the Czech Repub-
lic. The first is productive forest where the main target
is wood production while the other nonproductive func-
tions are not neglected. The second category is protec-
tive forests where the main goal is the protection of
very sensitive sites (protection against soil erosion, for-
ests in the high mountain elevation, etc.) while the third
one is presented by forests where social function is
emphasized. Fig. 5 illustrates the differences of site
conditions for productive and protective forests ex-
pressed by volume per ha. The protective forests are
mostly located on poor sites where growing conditions
are much worse than in productive forests.

The planned thinnings and final cuttings are other
input data for this model. These planned cuttings are
naturally only one scenario in the model. The scenarios
of the model are based on very different management
decisions and planned cuttings.

MODEL

The model does a calculation for each basic unit of
data. The first age degree of the unit includes not only
young stands but also clear cut area which will be re-
forested within the next 10 years. Forest scenario
model simulates the development of forests over time
by moving the area of unit (i) into the unit (i + 1)
during a ten-year-period. Depending on the scenario

II. List of basic scenario influences for Czech forests
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5. Comparison of growing stock per hectare of productive and pro-
tective forests

situation, not whole of the area is moved to the next
unit (i + 1). A part of the area becomes a clear cut area
and returns back to the first unit (1). The other vari-
ables of each unit are then calculated with given status
variables as volume per ha, percent of thinning, percent
of final cuttings, etc. The final results are the aggrega-
tion of the results from basic units.

The preparation of the scenarios for the model is the
next crucial step. The first scenario would show the
result of the prolongation of the actual situation and
trends in the Czech forests. A choice of the others de-
pends on the expert judges and expectations. The main
problems and changes which can be found in the cur-
rent Czech scientific forest literature were chosen and
they are listed in Tab. II. The 20 basic scenarios can be
prepared from this table. The most objective approach
was decided to be the preparation of all possible com-

No Influence Change
1 Afforestation of non forest land 0
2 +100,000 ha (+4%)
3 +400,000 ha (+15,2%)
4 Reforestation in favor of broadleaves 0
5 ratioC:B=6:4
6 raioC:B=5:5
7 Level of thinning 0
8 -25%
9 no thinning in 2.-5. AD'
10 Level of final cutting 0
11 15 AD = 90% area, 16 AD = 100%
12 for AD > 14 cutting but without useful logs
13 Level of salvage cutting 0
14 for AD 2-8 + 10%
15 for AD 5-10 + 10%
16 for AD 2-4 + 20%
17 for AD 7-13 + 10%
18 Level of growing stock per ha 0
19 for all AD + 10%
20 for all AD - 10%

'AD means age degree (e. g. 1 = 0-10 years old stand, 2 = 11-20 years etc.)
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binations of these 20 main influences which gave
432 scenarios.

RESULTS

The results of the simulations of these 432 scenarios
were aggregated into 10 statistical classes. To get more
readable results we calculated the probability in percent
of each statistical class value (Pv) according to the
equation:

Py =(Nv/N) . 100 (@)

where: Nv - the frequency of the value in statistical class,
N - the total number of cases.

The most important results from these simulations
are, of course, those showing the most probable future
development of the Czech forests and/or the second and
third probable ones. The other important result is to
analyze the influences which are always or nearly al-
ways included in the scenarios which give the worst
results in future developments. These influences are the
most dangerous ones for the Czech forests and should
be avoided as much as possible. The diminishment of
the growing stock in the Czech forests can be expected
during the next fifty years within the scenarios which
covered the above mentioned influences. The results
are expressed in Fig. 6. The most probable diminishing
of growing stock in the Czech forests is about 13.4%
while the second most probable is only 3% in compari-
son with the current situation. This is slightly surpris-
ing because the prolongation of actual trends gives
much better results. But if we look at the diminishing
stability of forest ecosystem in the Czech forests ex-
pressed by the increasing amount of salvage cuttings
during the last decades we have to note that there is
a very small probability for continuation of these rather
favourable conditions. Also, the new forest policy
stresses the increasing area of broadleaved species in
reforestation and afforestation which would lead to di-
minishment of growing stock. Broadleaved stands have

PROBABILITY (%)

6. The results of forest scenario model: the probability of future
development of growing stock in Czech forests
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a lower volume per hectare and lower productivity but,
of course, they are much more stable which is safer
from the production point of view.

The analyses of the whole spectrum of scenarios
reveal the most dangerous influences for the Czech fo-
rests in real life. The negligence of silvicultural regimes
in young stands, especially thinning, means further in-
crease in salvage cuttings, diminishment of stocking in
middle-age stands and, thus, diminishing the produc-
tion potential of the Czech forests. This can be a type
of admonitory scenario. At first the situations following
this scenario can be seen relatively good. The dimini-
shment of precommercial thinning in young stands
leads to a better financial situation of the owners and
also to a better composition of assortments. The pro-
portion of small wood also diminishes as the result of
increasing salvage cutting in middle-age stands. The
situation would change after 2010 when all indices
would be worse. It seems that in that time it could be
too late to change these dangerous trends in the Czech
forests.

The development of final cutting potential until the
year 2050 is quite similar to that of growing stock. The
results are graphically expressed in Fig. 7. The same
conditions influence badly future allowable final cut-
ting possibilities of the Czech forests. The most pro-
bable situation according to these scenarios is dimi-
nishing the final cut by about 10%. When the worst
scenario, so called admonitory, is taken into account
then the drop in intermediate thinnings and large sal-
vage cuttings giving a part of useless wood, can lead
to a much more dramatic decrease in allowable cut, i. e.
less than 23% in comparison with the actual situation.

CONCLUSIONS

The forest scenario model is a useful tool for the
evaluation of strategic decisions and basic management
systems for forests in large areas. This model for the
Czech forest uses as the basic unit a 10 year age degree

= N N L
o O o O

PROBABILITY (%)

-
o

7. The results of forest scenario model: the probability of future
development of commercial cuttings in Czech forests
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area as the driving variable. This is the truth in forests
with a clear cutting management system. The impor-
tance of good quality data from forest inventory is clear
and the data available for the basic data unit should be
homogeneous as much as possible.

The second important base of the model is the prepa-
ration of relevant scenarios and evaluation of their prob-
abilities for the future development. This would be based
on solid scientific forestry knowledge and hypotheses.

The scenarios for the Czech forests were prepared
for the base influences given in Tab. II. The combina-
tions of all these influences give 432 scenarios which
were put into the model and the results concerning fu-
ture growing stock and possible commercial cuttings
are shown in Fig. 6 and 7, respectively.

A decrease in the growing stock in the Czech forests
can be expected during the next fifty years within the
scenarios which covered the above mentioned influ-
ences. The most probable decrease in growing stock in
the Czech forests is about 13.4% while the second most
probable decrease is only 3% in comparison with the
present situation. This is a little bit surprising because
the prolongation of actual trends gives much better re-
sults. But if we look at the diminishing stability of forest
ecosystem in the Czech forests expressed by the increas-
ing amount of salvage cutting volume during the last dec-
ades we have to note that there is a very small probability
for continuation of these rather favorable conditions.

The same conditions badly influence future allow-
able final cutting possibilities of the Czech forests. The
most probable situation according to these scenarios is
a decrease in the final cut by about 10%.

The results of admonitory scenario for the Czech
forests were also calculated and interpreted.
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SCENARE VYVOJE LESU CESKE REPUBLIKY

I. Kupka

Vyzkumny iistav lesniho hospoddrstvi a myslivosti, 156 04 Jilovisté-Strnady

Lesnictvi Ceské republiky stojf pfed novymi tkoly
v disledku zmén v lesnim hospodafstvi, politickych
zmén i ostatnich otdzek, které jsou z&4sti spole¢né i pro
lesnictvi stfedni Evropy. Nejskodlivéjsimi faktory, kte-
1é ovliviiuji lesy Ceské republiky, jsou $kody piisobené
vétrem a snéhem, §kody plsobené jeleni zvéfi, hmyzem,
houbami a zne€i$ténim ovzdusi. Novym problémem by se
také mohlo stét rozsdhlé zalesiiovéan{ nelesn{ pidy.

Existuje jasny symptom narustajici nestability les-
nich ekosystémi: stoupajici objem kalamitni t&Zby
v minulych dvaceti letech. Hlavnim cilem lesnické po-
litiky je dosdhnout stability lesi. Scénédfe vyvoje lest
jsou jednim z néstroji, ktery miZe pomoci dosdhnout
tohoto cfle. Vstupnimi daty pro model jsou data celo-
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stdtn{ inventarizace lest. Zdkladni jednotkou modelu je
vékovy stupeii dané skupiny dfevin a kategorie lesa
a systému hospodatenf, u nichZ jsou k dispozici infor-
mace o porostni ploSe, dfevni zdsob&, pldnovanych
probirkdch a mytni t€Zb&. Pro varianty budouci situace
v lesich Ceské republiky bylo zvoleno 20 nejdiilezitsj-
Sich vlivii a ddle byly vzaty v dvahu vSechny jejich
variace (celkem 432 variant). Téchto 432 moZnych va-
riant pfedstavuje do uréité miry budoucf situaci v lesich
Ceské republiky. Nejéast&jsi vysledky simulaci tohoto
spektra se s nejvétsi pravdépodobnosti stanou realitou.

Vysledky modelu naznacuji, Ze v piistich 60 letech
nemuZeme v nasich lesich odekdvat vyssi dfevni zdso-
by. KdyZ dojde k soub&hu nepfiznivych vlivl, pokles
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dfevni zdsoby o 15 aZ 29 % bude potom velmi pravdé- scéndfe vyvoje lesd; lesnické prognézy; lesy Ceské
podobny. Lze také oCekdvat pokles moZné celkové t€Z2-  republiky
by ve srovnéni se souCasnou drovni.

Contact Address:

Ing. Ivo Kupka, CSc., European Forest Institute, Torikatu 34, 80100 Joensuu, Finland

RECENZE

WeiBtannen-Herkiinfte. Neue Resultate zur Provenienzforschung bei Abies alba Mill. (Provenience jedle.
Nové vysledky provenien¢ného vyskumu Abies alba Mill.)

H. Wolf (Hrsg.)

Contributiones Biologiae Arborum 5, E. Fiihrer — P. Schiitt (Hrsg.) ECOMED Verlagsgesselschaft, Landsberg am
Lech, 1994, 150 pp. (nemecky, anglické sihrny)

Tazisko vyskumu problematiky spojenej s objasnenim priin chradnutia jedle bielej sa v poslednom ¢ase oraz viac presiva do oblasti
jej vniitrodruhovej premenlivosti. Dielie vysledky vyskumu si uverejiiované v najrozli¢nejSich odbornych ¢asopisoch, takZe k ucelenym
poznatkom maji €asto pristup iba Specialisti. Preto treba uvitaf snahu zostavovatefa zbornika poskytnif SirSiemu odbornému publiku pokial
mozZno uceleny komplexny prehfad sii¢asnych poznatkov v tejto z hladiska praktického lesného hospodérstva vysoko aktudlnej problematike.

J.B. Larsen sa pokusa vysvetlif problémy spojené s pestovanim jedle bielej v strednej Eur6pe na zdklade najnoviich génekologickych
poznatkov. Za hlavnii pri¢inu chradnutia jedle povaZuje nizku ekologicki amplitidu druhu spésobent nedostatodnou genetickou premenli-
vosfou a ndsledngm nedostatk daptability.

Z premenlivosti morfologickych znakov usudzuji G. Aas,F. Kirchner aJ. Maier na introgresiu s A. cephalonica u proveniencif
z juhovychodnej Eur6py a diskutuji o moZnosti introgresie medzi A. alba a A. nebrodensis v Kaldbrii.

Najvidsi pocet pric (Styri) sa po prdve venuje najprogresivnej$im metédam zisfovania premenlivosti pomocou biochemickych analyz
genetickych markérov.

D. Treutter a W. F. Ruetz sa pokdsili charakterizoval druhy a proveniencie jedli na zdklade zloZenia fenolov v ihli&f. Zistili, Ze
rozlf¥enie druhov je moZné, aviak charakterizovat proveniencie jedle bielej na zdklade zloZenia fenolov sa im nepodarilo.

H. Wolf zisfoval premenlivost zloZenia monoterpénov v ihli&f na rozsiahlom materidli 155 proveniencif z celej oblasti prirodzeného
rozirenia jedle bielej. Rozli§il piif skupin proveniencif, medzi ktorymi zistil vyrazné rozdiely v zloZenf monoterpénov. Populdcie zo zépadne;j,
strednej a vychodnej Easti aredlu maji vyrazne niZsiu premenlivost ako populdcie z juZnej a juhovychodnej Casti aredlu.

Pri nasledujiicich dvoch précach sa pouZili k stanoveniu genetickej premenlivosti izoenzgymové analyzy. M. Konnert zisfovala gene-
tickd diverzitu vnitri a genetické diferencie medzi 27 populéciami z juhozépadného Ni ka na zdklade frekvencif enzgmov z 10 lokusov.
Aj na tak malom tizemi rozlifila klustrovou analyzou 3tyri skupiny. Vysledok pokladd za predpoklad pre identifikdciu pévodu semien
a vyliSenie provenienénych oblasti.

F. Bergmann porovndva navzdjom geneticki Struktiru jedfovych populdcif zo strednej a juZnej Eur6py. Zistil, Ze materské stromy
vykazovali vy33i, potomstv4 niZ3{ stupeii heterozygotnosti oproti ofakdvaniu. Iba v potomstve kaldbrijskej populdcie bol inbredny efekt nizky.

Posledné tri prdce sa zaoberaji hodnotenfm provenienénych pokusov. Prvé dve prind3aji hodnotenie juvenilného materidlu z provenien-
¢ného pokusu IUFRO 1982-83. H. Wolf, V.F. Ruetz a A. Franke referuji o prvych vysledkoch z provenienéného pokusu zaloZenéh
v juznom Nemecku, B. R. Stephan a A. Padro z pokusu zaloZeného v ¥panielskych Pyrenejdch. Nakoniec L. Paule a V. Hynek
sa pokisili o komplexné zhodnotenie vysledkov z 27 provenienéngch pokusov zaloZengch v byvalom Ceskoslovensku.

Hoci z réznych aspektov hodnoteny materidl je z pripadu na pripad iny a aj rozsah spracovdvaného materidlu je z pripadu na pripad
rozdielny, vysledky v3etkych p vanych pric sa zhoduji prinajmenSom v nasledujiicich aspektoch:

— zistila sa zna&nd vnitropopuladnd diverzita a vnitrodruhové premenlivost jedle bielej,

— populdcie zo zdpadnej, strednej a vychodnej Easti aredlu maji vyrazne niZ3iu premenlivost ako populdcie z juZnej a juhovychodnej &asti
aredlu, ¢

— oblasti chradnutia jedle sa zhodujii s oblastami so snfZenou genetickou premenlivostou.

Prdca znamend cenny teoreticky prinos k rieSeniu hospoddrsky vyznamného problému chradnutia jedle bielej.

Contributiones Biologiae Arborum (CBA) je nové edicia, ktord uverejiiuje v nepravidelnych intervaloch rozsiahlejsie pévodné préce,
literdrne prehlady a vyskumné sprivy z morfolégie, anatémie, fyziol6gie a patolégie lesnych drevin vrdtane ochrany lesov, biolégie dreva
a $Tachtitelského vyskumu. Prijfmajd sa aj vysledky vyskumu imisif.

Kazdy zvizok je uzavreny a obsahuje vedecky uzndvané poznatky. Rozsah jedného zviizku je 100 aZ 300 strdn. Zviizky uverejnené
v nem¢ine obsahujii sihm v angliétine a popisy k obrdzkom a tabulkdm v oboch jazykoch.

Doteraz vysli tieto zvizky:

CBA 1: L.J. Kuéera - H. H. Bosshard: Holzeigenschaften geschidigter Fichten

CBA 2: H. Schill: Triebbildung, Verzveigungverhalten und Kronenentwicklung Junger Fichten und Lirchen

CBA 3: F. Gruber: Verzweigungsystem, Benadelung und Naderfall der Fichte (Picea abies)

CBA 4:P.M. Wargo - D.R. Bergdahl -D.R. Tobi —C. W. Olson: Root vitality and decline of Red Spruce
CBA 5: H. Wolf (Hrsg.): WeiBtannen-Herkiinfte.

Ing. Ladislav Greguss, CSc., Lesnicky viskumny tstav, Vyskumnd stanica Banskd Stiavnica
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FOREST SUCCESSION MODELLING USING THE LOKI

SOFTWARE ARCHITECTURE

C. D. Bevins, P. L. Andrews, R. E. Keane

Systems for Environmental Management, Missoula, MT 59807, Project Leader
and Research Ecologist, USDA Forest Service, Intermountain Research Station,
Intermountain Fire Sciences Laboratory, Missoula, MT 59807

This paper describes a software architecture being deve-
loped at the Intermountain Fire Sciences Lab to quickly
create, maintain, and modify large scale, spatially-explicit
ecosystem simulations. The Loki architecture enables any
number of concise, domain-specific process models to
operate and communicate concurrently as an integrated,
holistic simulation. Large simulations are quickly con-
structed from a ,,tool box* of ecological process, display,
conversion, and analysis programs for a variety of appli-
cations including research, training, management, educa-
tion, decision-support, and policy-making. Computer
models can be developed by context experts around the
world and later incorporated into various cooperative si-
mulations. The Loki application programming interface
simplifies model development by managing the details of
data location, format, type, extent, resolution, and units
of measure for the programmer. The use of Loki in the
Coarse Scale Succession Model for the Columbia River
Basin Assessment is discussed.

ecosystem simulation; process model; holistic simulation;
forest policy; USA

INTRODUCTION

The capacity, speed, and capability of computers
continues to double every several years even as their
cost declines. This happy state of affairs is especially
appealing to those of us who attempt to simulate eco-
logical and environmental processes. It is now tempt-
ing, and even feasible, to develop complex, spatially-
-explicit ecological models on desktop work stations.
Holistic, multi-disciplinary simulations are often useful
in research, education, decision-support, and policy-
-making. Unfortunately, while computer hardware is
increasingly capable of supporting such complex mo-
dels, our ability to implement and maintain them lags
far behind.

Researchers at the Intermountain Fire Sciences Lab
are concerned with the influence of weather regime and
ecosystem condition on fire danger, fire occurrence,
and fire behavior in wildland environments. Smoke
production, forest growth, and long term succession are
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also important consequences of fire. This requires an
understanding of a broad spectrum of physical and bio-
logical processes including (but certainly not limited
to) diurnal, synoptic, seasonal, and climatic weather
trends in mountainous terrain; fuel wetting and drying
cycles; wildland litter, surface, and crown fuels de-
scription; fuel flammability and combustion; fire
spread and intensity; smoke particulate production,
plume development and dispersion; forest stand de-
scription; fire-induced plant mortality, and succession
patterns.

Our attempt to simulate these processes and resul-
tant states in an ecosystem context obviously requires
the combined cooperative efforts of many individuals
with expertise in a variety of disciplines. The products
of these efforts include process-specific models that
can subsequently be incorporated into larger, holistic
simulations of fire in the wildland environment.

Several challenges must be met when knitting to-
gether such a large scale simulation. How can many
small, process specific, individually developed models
best interact together in a larger whole? How do the
models share spatially explicit data? How do models
resolve their differences in spatial resolution, temporal
resolution, and units of measure? How are individual
models updated as they undergo their inevitable evolu-
tionary changes? How is such a large, complex block
of computer code to be maintained and updated?

The Loki software architecture is our attempt to ad-
dress such issues faced during cooperative simulation
development.

THE LOKI SIMULATION ARCHITECTURE

The main concept behind the Loki architecture is to
allow every model to be its own program on the com-
puter (Bevins, Andrews, 1993). Any number of
these models may run simultaneously and communicate
with one another to form larger simulations, with inter-
action between models and their shared spatial data sets
handled by Loki.

There are a number of advantages to this approach.
First, each model is a small, self-contained simulation of

LESNICTVI-FORESTRY, 4/, 1995 (4): 158-162



a specific physical or biological process. The model’s
development can be managed by a single context ex-
pert; smaller models require less computer code to de-
velop, debug, and maintain, and are more easily re-
vised.

Second, the model developer is not concerned with
the file name, location, format, datum type (integer or
floating point), units of measure, or regional extent of
the underlying spatial data. Instead, the model notifies
Loki (through a function call) that it needs to read or
write spatial data with some well-known name, and it
expects the data values at any requested location to be
returned in a specified datum type and units of mea-
sure. A fuel moisture model, for example, could re-
quest read access to ,,air temperature* values as single
precision floating point degrees Celsius, read access to
wrelative humidity* values as integral percentages, and
write access to a ,,fuel moisture* map as double preci-
sion fractions. All the details of 1. locating or creating
the ,,air temperature®, ,relative humidity, and ,.fuel
moisture” files, 2. converting between file formats, da-
tum types, and units of measure, and 3. resolving dif-
ferences in spatial data resolution and map registration
are handled by Loki.

Third, the model developer is not concerned about
synchronizing the model with other models. In fact,
each model is developed without knowing with which
other models it will eventually interact. Loki automat-
ically notifies each model in a Loki simulation when-
ever any of its input spatial data has been altered, so
the model can recalculate its outputs. The cooperative
simulation is thus ,.event driven* as opposed to ,time
driven®; one model updates the inputs of a second mo-
del, which updates the inputs of subsequent models,
and so forth. The fuel moisture model is therefore ac-
tivated only when its air temperature or relative humid-
ity input maps change. If need be, any model can still
force itself to be ,time driven* by scheduling callback
times with Loki.

Fourth, the model developer is not concerned with
the display of model output. There are other Loki-
-aware programs available that display their inputs in
charts, graphs, 2—, 3—, or 4— dimensional contour maps,
or combinations of these. The output map of the fuel
moisture model, for example, could be the input into
a 4-dimensional contour map showing fuel moisture
classes draped over mountainous terrain.

The concept of display programs as separate ,,mo-
dels* within a cooperative simulation is easily ex-
tended. Other Loki-aware programs have been and can
be developed to translate data files between popular
geographic information system (GIS) formats, submit
spatial data to GIS analysis programs, perform statisti-
cal analyses, read and write into relational data bases,
submit spatial data to scientific visualization packages,
capture screen images on video tape, and so forth.

Fifth, because models are totally encapsulated and
have well defined interfaces with their inputs and out-
puts, they are easily swapped in and out of larger simu-
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lations; newly revised models can replace their pre-
cedents, new functionality may be introduced into
a simulation by using a new model or set of models,
and multiple instances of a single model can be run
concurrently. The models and spatial data files used by
a simulation are specified to Loki in a simple script
file, making simulation design a simple edit-and-run
procedure. Models become , tinker toys* used to create
simple or elaborate simulations, and simulation design-
ers can borrow state-of-the-art models developed by
others and incorporate them into their own applica-
tions.

Finally, because models are separate programs, they
may be distributed across multiple computers in a net-
work. During a simulation, computation intensive mo-
dels such as weather and fire behavior forecasters can
run on the fastest computers while all other models run
on the local host. If a simulation has lots of display
programs, these can be run and/or displayed on several
consoles.

LOKI TECHNOLOGIES

The current implementation of Loki is based upon
three key technologies; the X Window System (,,X*),
the Network File System (NFS), and the Loki Applica-
tion Programming Interface (API).

The X Window System is an industry-standard
mechanism by which programs can draw graphical user
interfaces (containing windows, menus, buttons, icons,
scrollbars, etc.) and gather user input from a keyboard
and mouse on a variety of hardware devices connected
to a computer network. To accomplish this feat, X gives
its client programs the ability to communicate between
computers and/or displays across a variety of networks.
Loki derives the following benefits from the X Window
System:

— All Loki programs are X clients and have a graphical
user interface that can be moved, resized, or iconified.

— Loki programs are event driven; programs can re-
spond to events generated by the user via the key-
board or mouse, such as pressing an on-screen but-
ton.

— Loki programs can also respond to events generated
by other Loki programs, such as being notified of
input updates. This gives Loki programs the ability
to communicate with one another, even between dif-
ferent computers on a network.

— Where Loki programs execute on a computer net-
work is independent of where they draw their graphi-
cal user interfaces. A Loki program can run on one
computer and have its graphical display appear on
any console on any other computer on the network.
The Network File System is an industry standard

method for sharing files among networked computers.

This allows multiple Loki programs to simultaneously

share and synchronously update spatially-explicit map

information.
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The Loki API is a set of C functions that manage all
the details of model communication, event notification,
and data location, format, resolution, type, and units of
measure. The programmer’s model simply (1) requests
read or write access to a well-known spatial data set
(such as ,elevation*), (2) requests information as
needed on the simulation location and extent, (3) re-
quests spatial data values at specified sample locations,
and (4) updates spatial data values at specified sample
locations. The API fetches and stores the data from the
required files, performs format, datum type, and units
conversion, and notifies other Loki models that their
inputs have changed.

PROOF OF CONCEPT

During the past two years Loki has evolved in par-
allel with our fire behavior modelling efforts. A ,,proof
of concept” simulation was first created demonstrating
seven Loki programs working together in a simulation
(Fig. 1).

1. A weather reader program (wxreader) monitors a
weather data stream and updates the ,,air temperature®
shared variable. Posting a new air temperature gener-
ates a notice to the ,temperature adjustment model“,
which has requested read-access to air temperature.

2. A program that adjusts air temperature for terrain
characteristics (wxterrain) then adjusts the air tem-
perature according to local elevation and aspect and
stores it in an air temperature map. Updating the air
temperature map results in the notification of two
instances of a map viewer program and two in-
stances of a map statistics display program.

3. One instance of the map viewer program (agxmap)
displays the air temperature as a colored surface
draped over the 3—dimensional terrain.

4. A second instance of agxmap displays the air tem-
perature map as a colored contour map.

5. One instance of a simple statistical analysis and dis-
play program (mapstats) samples the air temperature
map, computes a mean value, and plots it against
time in a strip chart.

6. A second instance of mapstats displays the mean
temperature in a thermometer.

7. Finally, a screen capture program (capture) takes
a snapshot of the console, converts it into TIFF for-
mat, and sends it to a slide film recorder.

The Loki architecture has continued to evolve since
this proof of concept, primarily in support of our work
on simulating fire occurrence, behavior, and effects on
stand succession in wildland environments.

LOKI AND THE COLUMBIA RIVER BASIN
SUCCESSION MODEL

As part of his plan for ecosystem management in the

Pacific Northwest, President Clinton in May 1993 di- -

160

rected the Forest Service to develop a scientifically
sound, ecosystem-based strategy for the management
of federal forest lands. The Chief of the Forest Service
further directed that an ecosystem management frame-
work and assessment be developed for the 800,000 km?
Columbia River Basin by the end of 1994. The assess-
ment requires a long term succession model to serve as
a prognostic tool in predicting subsequent landscape
changes under a variety of management scenarios. The
model, CRBSUM (Columbia River Basin SUccession
Model), uses a combination of deterministic and sto-
chastic approaches to simulate spatially-explicit land-
scape changes under various management regimes at
a1 km? spatial scale (Keane, 1994).

CRBSUM is primarily a rule-based decision module
that evaluates the probable impacts of management sce-
narios on successional pathways over several decades.
Each 1 km? cell is characterized by its cover type,
structural stage, successional age, and potential vegeta-
tion type (PVT). A general land use plan, or ,sce-
nario“, is then defined specifying the proportion of land
in each characterization class that will annually experi-
ence a particular management action or disturbance. At
each annual time step in the simulation, every cell is
visited. A disturbance (or no disturbance) is stochasti-
cally selected from the land use plan for the cell based
upon the cell’s characterization class. Depending upon
the stochastic selection, the cell is aged, moved back,
or moved along the successional pathway appropriate
for the cover type-structural stage-PVT combination
(Fig. 2).

CRBSUM model inputs include the general use plan
table, successional pathway descriptions, a PVT map,
a stand structure map, a successional age map, and
a cover type map. Model output includes the updated
structure map, successional age map, and cover type
map, and a host of summary tables.

While CRBSUM is a spatially-explicit model that
reads from and writes to various maps, its deterministic
and stochastic processes did not lend itself to imple-
mentation using traditional GIS tools. The decision was
made to use the Loki API because it could 1. query and
update spatially-explicit map data, 2. convert its map
data into GRASS and Arc/Info ASCII format files,
3. display the output maps using previously developed
and available map viewers, and therefore 4. remove the
need to code, test, and debug any map access and dis-
play functions.

Loki is used to incorporate the CRBSUM into a
simulation application that includes:

— the CRBSUM simulation model,

— a map viewer program to display one or more of the
output maps,

— a program that converts Loki map data into a format
compatible with the GRASS GIS,

— the SPADIS spatial disturbance contagion model for
spatially-dependent disturbances.
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1. Screen shot of Loki ,,proof of concept™ simulation

SUMMARY cloped models and programs into a cooperative ap-

plication. The Loki architecture is based upon the X
Window System, Network File System, and Loki API,
allowing Loki simulations to run across Unix computer

Loki was designed to ease the development of large-
-scale, holistic, spatially-explicit simulations by incor-
porating multiple, domain-specific, and individua networks.
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Loki has proven useful in the rapid development of
CRBSUM by 1. providing access to spatially-explicit
data bases, 2. using other Loki programs to summarize,
convert, and display CRBSUM outputs, and 3. allow-
ing the model developer to focus on the mechanics of
the succession model itself.

The Loki API is still in the research and development
phase. Improved stability and new functionality is being
realized as we continue to develop wildland fire simula-
tions and forest growth and succession simulations.
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MODEL SUKCESE LESA PRI POUZITI SOFTWAROVE ARCHITEKTURY LOKI

C. D. Bevins, P. L. Andrews, R. E. Keane

Ustav pro Zivomi prostreds, Vyzkumnd stanice sprdvy lesti, Laborato¥ pro vyzkum lesnich poZdrt, Missoula MT 59807

V préci se popisuje softwarova architektura, kterd se
vyviji v Laboratofi pro zkoumdn{ lesnich poZéri pro rychlé
vytvafeni, uchovéani a modifikaci velkych prostorové vy-
jédrenych simulaci ekosystémi. Architektura Loki umoZ-
fiuje soucasné provadéni a komunikaci jakéhokoli poctu
modeld, oborové specializovanych, jeZ integruje do jedné
holistické simulace. Velké simulace jsou rychle sestavova-
ny pomoci ndstrojli, které umoziiujf simulaci ekologického
procesu, zobrazenf, konverze a analytickych programii pro
fadu aplikaci vCetné pouZiti ve vyzkumu, pfi instruktaZi,
fizeni, vzdéldvani, jako podklad pro rozhodovani a pfi for-

mulaci politiky. Pocitaové modely mohou vyvijet kon-
textovi odbornici po celém svét€ a pozdéji je zabudovat do
riznych kooperujicich simulaci. Aplikaéni programové
propojeni Loki zjednoduuje vytvédfeni modelt tim, Ze pro
programétora fidi nejniZ¥{ strukturu umisténi dat, format,
typ, rozsah, rozlieni a jednotky miry. Popisuje se vyuZit
architektury Loki v modelu primérn{ sukcese pro hodnoce-
ni povodi feky Kolumbie.

simulace ekosystémi; model; holistickd simulace; les-
nickd politika; USA
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MODELLING GROWTH WITH TIMPLAN

M. Gane

8 Rotha Field Road, Oxford OX2 8JJ

A simple growth model is described which forms part of
a much larger, comprehensive model of the forest sector,
including forest resources, harvesting, wood processing
and trade. The sector model is designed for policy analy-
sis and planning, and enables sector activities to be trea-
ted holistically, so that when alternative ways of mana-
ging forest crops are simulated, the full range of their
likely q es is revealed, including changes in out-
put, costs, income, employment, capital formation, profits
and foreign currency earnings. The sector model is con-
tained within a modelling system called TIMPLAN. This
is a computer software package that enables users to bu-
ild and operate their own models, suited to the structure
and characteristics of the forest sector in the country,
region or area with which they are dealing. The modelling
system is based on ,,system dynamics* principles and uses
standard components called levels, rates, auxiliaries, de-
lays, supplementary arrays and supplementary variables;
each component is used many times to represent different
parameters in the system and the components are arran-
ged in eleven functional modules. The growth model is
contained in the ,,supply* module; this module is repeated
for each crop. The user prepares a data file in a standard
format and enters age class data for the base year, the
length of rotation or felling cycle, the volume increment
per ha, per year in young, immature and mature age
classes and the amount to be removed annually by thinn-
ing. Regeneration and felling rates are specified and con-
trolled by the user. For each crop, the computer calcula-
tes projections of areas, growing stock and removals, year
by year, for up to 100 years. The system can handle both
natural forest and plantation crops. A national model for
the forest sector in the Czech Republic is described which
illustrates the modelling technique.

growth model; forest sector model; forest policy; produc-
tion

INTRODUCTION

Models are representations of actual structures, situ-
ations or events which occur in time and space. The
representation may be three-dimensional (eg. toy sol-
diers), two-dimensional maps or diagrams, or simpli-
fied conceptual and mathematical descriptions. The
particular concern of this Conference is with the last
category and with modelling which represents forests
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as systems to assist calculations and prediction. For this
purpose, attention is focussed on models of forest
growth designed to elucidate policy and planning deci-
sions, i. e. the role of growth models in the strategic
management of forest resources.

This paper therefore deals with the growth process
over time of trees and tree communities, in particular
the increase in size, volume and value of forest crops
under various types of management. The viewpoint is
primarily commercial and biological or ecological con-
siderations (eg. the growth of biomass, species popula-
tions or biodiversity) are only addressed indirectly
through their effects on forest crop production.

Modelling is a purposeful activity and the growth
model described in this paper is designed to enable the
growth of forest crops to be simulated in a computer.
The model portrays the response of forest crops to
changes in their management. It enables the effects of
variation in the rates of planting, volume increment,
thinning, felling, rotation length etc. to be investigated
quickly and easily in different forest crops by providing
projections of important variables in future years (eg.
areas, timber volumes, growing stock and removals).
Alternative forest management regimes can be simu-
lated interactively with the computer to discover their
likely consequences. Modelling therefore assists deci-
sion making and provides a powerful tool of manage-
ment.

The growth model contributes to the decision mak-
ing process. Many other factors also affect the outcome
of policy decisions, eg. price changes, economic ef-
fects, employment, social and environmental conse-
quences. A growth model is necessary but not suffi-
cient for deciding policy. Therefore the growth model
which is described here, forms part of a much larger
simulation model representing the whole range of ac-
tivities in the forest sector, including harvesting (i. e.
logging activities), primary wood processing (eg. saw-
milling, plywood and particle board manufacture) and
trade in forest products. This sectoral simulation model
is designed to assist decision making for policy and
planning, i. e. it is a tool for strategic management of
the forest sector as a whole.

For policy decisions to be soundly based, it is essen-
tial to consider forest sector activities holistically and
to simulate the interactions which link together activi-
ties taking place in different parts of the sector at dif-
ferent times. For example, a change in the rate of fell-
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ing in a forest crop alters the quantity of roundwood
output, the scale of logging activities and the conse-
quential impact on processing operations. Similarly,
extra planting in the present is expected to lead to
greater output from the forest in future years from thin-
nings and final felling. These linkages are represented
in the sectoral simulation model so that changes in the
supply of roundwood generated by the growth model
generate corresponding changes in other parts of the
sectoral model. This makes is possible to judge the
relative desirability of forest management policy op-
tions by looking at the full range of their likely conse-
quences and not simply by reference to the quantity and
value of output from the tree crop.

It is also necessary to allow for variations in the
make-up of the forest sector from place to place and
country to country. The forest sector is a distinct, re-
cognisable entity, but its composition is not everywhere
the same. It can be defined in the following way
(Gane, 1991):

Forestry is taken to mean all the activities con-
nected with forests and forest resources and includes
everything to do with the growing, harvesting and pro-
cessing of woody vegetation, whether for wood or non-
-wood products. It also embraces forest ecosystems, the
conservation of the flora and fauna found in the forests
and the protection of forest landscapes and heritage
sites. Forestry is concerned with people as well as trees —
the people living in and around the forests and all those
who work in them and in forest-related activities. Fo-
restry activities may also extend to forest-based tourism
and national parks. By ’forestry sector’ is meant that
part of the national economy which is concerned with
forestry activities, including the inputs, outputs, inco-
mes and employment associated with it.*

The forest sector of each country, state or region can
be modelled to portray the range of resources and ac-
tivities that occur there. Each national model will have
its own distinctive structure, consisting of the various
forest products and crops which contribute to sectoral
output, employment and development. Embedded
within the sectoral model, is a growth model which
enables the changes that occur in the various forest
crops to be represented. For example, in the Czech
Republic, a sectoral model has been constructed which
contains eight products (including sawnwood, panel
products, pulp and paper, fuelwood etc.) and two crops
(coniferous and broad-leaved forests). The function of
the growth model is to simulate the changes in the
crops that are expected to occur in future years under
various assumptions.

It is possible to go one step further and design
a modelling system instead of a model. A modelling
system is a software package that enables users to set
up and operate their own purpose-built models, suited
to each particular situation which is being dealt with.
It is flexible modelling tool which can be used to build
a wide range of different models and can be applied
anywhere in the world. With the aid of a modelling
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system, forest sector models for each country can be
constructed easily and quickly. These national models
can then be run with the software provided, to simulate
the behaviour of the sector, including the growth of the
forest crops which contribute to sectoral activity.

Therefore we can distinguish three levels of model-
ling, inside one another, as shown in the diagram be-
low.

MODELLING SYSTEM

FOREST SECTOR MODEL

GROWTH MODEL

1. Levels of modelling

Modelling systems specially designed for forest sec-
tor planning and policy formulation have been created
by the writer during the last 12 years. Three systems
(TIMPLAN, VOLPLAN and GROPLAN) have been
developed and tested under a wide range of conditions
in different parts of the world (Gane, 1992). They are
based on the technique first devised by J. W. Forester,
known as ,,Systems Dynamics", which provides a con-
venient way of describing the important features and
dynamic interrelationships of any ,,system” in the form
of a model. All three modelling systems work in a
similar way and contain the same type of growth
model. Information about the availability of the sys-
tems is reproduced in the Annex.

The remainder of this paper describes the main fea-
tures of these modelling systems with particular refe-
rence to TIMPLAN, which is the largest and most com-
prehensive of the three systems. The growth model
contained within the TIMPLAN system is then explai-
ned in detail. Finally, the application of the system in
the Czech Republic, where a national model has re-
cently been set up, is used as a practical illustration of
the modelling technique. It is intended to demonstrate
the Czech model during the Conference.

GENERAL FEATURES OF THE MODELLING SYSTEMS

Each modelling system provides a generalised
model of activities in the forest sector, which is stored
in the computer program. Users of the system adapt the
generalised model to suit their particular circumstances
by creating specific models contained in data files
which they assemble and name. Specific models may
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cover the whole country, or relate to a particular re-
gion, district, area or project.

The models are built up from six standard compo-
nents, combined in various ways, to make functional
modules which represent different aspects of sectoral
activity. The standard components, called levels, rates,
auxiliaries, delays, supplementary variables and sup-
plementary arrays, are used many times to represent
different parameters in the system. They are compar-
able to types of building material used to construct
a house — used in different combinations, they can pro-
duce different designs of house.

The functional modules, such as demand, supply,
processing and trade, contain different arrangements
and combinations of standard components. The compo-
nents interact with each other in accordance with equa-
tions in the computer programs to represent the activi-
ties of each module. Models are formed by assembling
the modules so that they combine to represent the be-
haviour of the sector. This modular structure simplifies
model-building and makes it easier to understand how
the models work.

The models are ,, dynamic* and behaviour of the sec-
tor over time is described by a sequence of difference
equations which are solved by the computer at annual
intervals. Thus, when a model is run through the com-
puter, it provides sets of annual projections of impor-
tant variables in the system, such as future demand,
supply, growing stock, costs, revenues, employment,
imports and exports.

Forest sector behaviour is simulated in a way which
allows the user of the model to investigate the likely
consequences of alternative strategies and management
decisions under a wide range of assumptions about the
future. It is possible to discover how to develop the
sector to best advantage and how conditions in the sec-
tor need to be modified to overcome restrictions in its
performance. The potential and sustainability of the
sector can be investigated interactively, by interrogat-
ing the model and evaluating each option by its ex-
pected results. This approach contrasts with the more
usual linear/dynamic programming type of model
which aims at providing a single ,,optimum* solution.

The specific models vary in size and structure. The
size varies according to the number of products and
crops that are included, depending on the user’s speci-
fication in the data file. Modules are used repeatedly,
based on the products and crops; for example the de-
mand module is used once for each product and a sup-
ply module is required for every crop. In principle there
is no limit to the size, although practical limitations can
make very large models unwieldy to use. The structure
is controlled by the arrangement of the products and
crops and the order in which they appear.

The data file for each specific model contains sets
of variables (i. e. parameters) stored in a prescribed
format. Each module requires a separate set of vari-
ables, which control the way it operates. Values are
assigned to each variable by the user, eg. the rate of
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change in demand is prescribed for each product and
the mean annual increment per ha for each crop. The
size of the model determines the length of the file.

Each time the model is run, the information in the
data file is used to calculate sets of annual projections
of all the important variables in the system, eg. future
demand and supply, costs and prices, income and em-
ployment. During each run, the data is first used un-
changed to generate a standard set of projections. The
process is then repeated using data changes which are
supplied by the user through the keyboard. Each repeat,
using modified data, is known as an option and gener-
ates another set of projections. Comparison between
the standard and the options are printed out in the form
of tables for each option, showing the increases or de-
creases in the annual values of selected variables.

Once the model has been set up, the computer pro-
gram can be run repeatedly to test the consequences of
changes which simulate alternative strategies, manage-
ment decisions or assumptions about the future (eg.
different regeneration methods, rotations, yields, fell-
ing programmes or estimates of demand). Any of the
parameters in the data file can be altered (singly or in
combination) so that it is possible to test almost any
conceivable planning option and to carry out sensitivity
analysis. There is no restriction on the options that may
be tested, provided they do not affect the basic structure
of the model.

Furthermore, the standard data held in the data file
can be updated or improved at any time as circum-
stances change and fresh information becomes avail-
able. This enables forestry sector strategy and develop-
ment to evolve step by step, with growing confidence,
as data reliability and planning skills improve.

MODULES AND STANDARD COMPONENTS

The modelling systems are made up of combinations
of modules. Each module handles a different aspect of
forest sector activities. The number of different modu-
les and their precise function depend on the system;
thus VOLPLAN contains four and TIMPLAN uses
eleven different modules. The supply module deals
with the areas and volumes of forest crops and contains
the generalised growth model which is of particular
interest to this Conference.

Actual models are assembled in named data files.
Their size and structure are controlled by the contents
of the file. The data file also supplies detailed informa-
tion about each of the parameters or variables which
make-up the modules. The file is read sequentially
when the model is run through the computer and the
information it contains is used by the computer pro-
gram to calculate year by year projections of demand,
supply, costs, employment, financial returns etc.

Each module requires a specific data set in the data
file. The data set lists, in a set order, the variables
needed for that particular module, together with the
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values which the user assigns to those variables. When
a module is used several times, the data set for that mod-
ule must be repeated each time. Thus, if a model contains
three products, the data set for the demand module is used
three times. However, the values assigned to the variables
in the data set will be different for each product.

Every variable is coded for easy reference, eg. RS10
represents the area felled annually. Note that the second
letter in the ref code shows the module to which the
variable belongs — in this example ,,S* indicates that it
forms part of the supply module.

Different kinds of variables make-up the modules.
Each is represented by one of the six types of standard
component. The standard components are the basic units
from which the modelling systems are constructed. They
perform distinctive functions and are arranged in different
combinations, to represent different sectoral activities.

Each type of component has a particular form,
which is easily recognised, no matter what variable
a component may represent. The data requirements of
each type are also different. In the computer programs,
procedures for handling the components are standardi-
sed in the form of subprograms.

In the code which identifies each variable, the type
of component is shown by the first letter. Thus the ,,R*
in RS10 indicates that it is a ,, rate “. Groups of similar
variables, which use the same type of component, are
serially numbered in each module.

The functions of the standard components are as
follows:

Levels describe the condition of the system as a par-
ticular time, i. e. they are the ,stocks” in the system.
They have values which are calculated at annual inter-
vals and are comparable with the levels in a tank, which
fluctuate according to the rates of inflow and outflow.

The starting value of a level, i. e. its value in the
base-year, may be supplied from data or calculated
from other variables in the model. Subsequent annual
values of the level are calculated and stored on disk by
the computer. These annual values provide the main
source from which the results of simulation runs are
subsequently selected and displayed.

Levels are coded by ,L“, followed by a letter to
indicate the module and a reference number, eg. LS2,
total area of young, even-aged stands.

Rates provide the inflows and outflows to the levels,
i. e. they are the ,,flows" in the system. They can only be
measured over a period of time which, throughout these
models, is taken as one year, i. e. they are annual rates.

Rates may be controlled by other variables in the
model, using control words in the data, or determined
exogenously, taking values obtained from information
given in the data file. In the latter case, the user can set
the rate to change over time in one of several ways by
means of a switch number in the data. Depending on
the switch no. which is chosen, the alternatives are:
switch no. 0 - a nil rate (i. e. a rate equal to 0),

1 — a flat rate (i. e. a given amount per an-
num) for a given number of years,
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2 — a percentage rate (i. e. a given percent-
age of the value of a designated vari-
able) for a given number of years,

3 —a rate read from a table of values by
years,

4 — a step rate (i. e. a given annual amount)
starting and ending in specified years.

Rates are coded by ,R“, followed by the module
code and a reference number, eg. RS13, annual rate of
final felling by volume.

Auxiliaries either supply additional information
which helps to determine rates, or substitute for rates
by directly controlling the relationship between differ-
ent levels at the same point in time.

All auxiliaries are determined exogenously, their
values being obtained from information given in the
data file. As with rates, the user can set the auxiliary
to change over time in one of several ways by means
of a switch number in the data, The alternatives are:
switch no. 0 — a constant value,

1 —a value which changes incrementally
(i. e. by a given amount per annum) for
a given number of years,

2 —a value which changes exponentially
(i. e. by a given percentage of the auxi-
liary’s value in the previous year) for
a given number of years,

3 — a value read from a table by years,

4 —a value with a step change (i. e. a
change of a given amount) starting and
ending in specified years.

Aucxiliaries are coded by ,,A“, followed by the mod-
ule code and a reference number, eg. AS5, mean annual
increment per ha of young even-aged crops.

Delays represent time lags in the system or periods of
years which govern the relationships between rates and
levels. All delays are specified in the data file. Delays are
designated by 4-letter codes beginning with ,,D.

Supplementary arrays are used to store year by year
information with which to calculate the values of rates
and levels when the model is run, or to provide detailed
information relating to age classes. Some supplemen-
tary arrays are generated by the computer program
when the model is run, others are provided by the user
in the data file. Supplementary arrays are recognisable
by their distinctive names, eg. AREA.

Supplementary variables are used to simplify com-
plex calculations in the program. All supplementary
variables are generated by the computer program; none
are derived from data. Like supplementary arrays, they
are recognisable by their descriptive names, eg.
COURPE, total area felled.

THE TIMPLAN MODELLING SYSTEM
The TIMPLAN modelling system is designed for

comprehensive physical, financial and economic plan-
ning of production in the forest sector. It links together
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forest management, harvesting, processing and trade
activities, so that increased output from the forest leads
in due course to greater production and value added in
forest-based industries. The system allows for supply
and demand analysis, and provides projections of fu-
ture costs, returns, employment and capital formation.
It is capable of giving a complete cost-benefit analysis
of wood-producing activities at national, regional, dis-
trict or project level, including comparison of alterna-
tives and discounted cash flow tables.

TIMPLAN is the largest of the three systems. It
consists of eleven modules, containing a total of 319
variables:

Code
Demand D (product related)
Supply S (crop related)
Forest operations F (crop related)
Roads R (crop related)
Logging L (crop related)
Processing P (product related)
Trade T (product related)

Overhead costs

Financial returns
Foreign exchange
Economic returns

m X Z 0

Each module plays a distinct part in the operation of
the modelling system and makes an essential contribu-
tion to the functioning of the whole. In an actual model,
products and crops are specified by the user and mod-
ules are used repeatedly depending on the number of
products and crops. The product-related modules are
repeated for each product; crop-related modules are re-
peated for each crop. The last four modules relate to
the whole model and are used only once. The repeat
sequences and their order of computation are shown
below:

Whole model Each product ~ Each crop

l—> —> Demand
—— Y
Overhead costs Supply
Financial returns Forest operations
Foreign exchange Roads
Economic returns Logging
> T——
Processing
Trade

N

. Flow chart of TIMPLAN computation sequence

Products are defined by the user. A product may be
any type of primary output from the forest sector, eg.
plywood, sawnwood, poles, fuelwood or pulp and pa-
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per. Even non-woody outputs can be classed as prod-
ucts. The choice of products depends on the industries
that exist or are planned, the differences of price and
quality that distinguish types of output, and the avail-
ability of data. Thus, all sawmill output might be ag-
gregated as one product, or sawn softwood and hard-
wood might be classed as separate products, or the
production of pine might be separated from other soft-
wood lumber. Similarly, plywood can be lumped to-
gether, or divided into different categories. Poles may
be classified by their size and use, eg. transmission
poles or fence posts. There is no limit to the possible
permutations or extent of disaggregation.

The choice of crops is also unrestricted. They may
consist of natural or man-made forest. The whole pro-
ductive forest area may be combined as a single crop,
or it can be divided into forest types. Distinctions can
be made between species, sites, quality classes and lo-
cations. Thus, all coniferous plantations throughout the
whole country might form one crop, or they could be
divided between uplands and lowlands, or separated
according to site productivity and accessibility. Un-
even-aged natural forest, made up of mixed species and
worked on a felling cycle, can be classed as a crop
producing a mixed output. Alternatively, crops may
consists of even-aged plantations or areas of natural
regeneration, which are divided into age classes and
managed on a fixed rotation.

An important feature of the modelling system is the
provision of links between products. These work
through temporary stores, which are created as arrays
in the computer while the model is being run. There are
three arrays, called USLOG, SMALL and WASTE,
which are used to store the quantities available annu-
ally of unused logs, smallwood and residues respec-
tively. These provide for:

1. a proportion of the roundwood supplied for processing
into one product to be stored for subsequent processing
into a different product, eg. best quality logs being
used for plywood, the remainder being sawn,

2. smallwood derived as a subsidiary output from pre-
vious crops and then used as raw material for a sub-
sequent product, eg. thinnings from plantations pro-
ducing sawlogs, which are used for paper pulp or
particle board,

3. residues derived from processing one product pro-
viding raw material for a subsequent product, eg.
sawmill waste used for paper pulp.

Normally, one or more crops supply timber to meet the
requirements specified in the demand module. However,
some products may utilize only the outputs of previous
crops stored in the USLOG, SMALL and WASTE arrays.

THE SUPPLY MODULE
This module contains a simple, generalized growth
model which provides projections of areas, growing

stock and utilizable volumes of roundwood for each
crop. The flow chart in Fig. 3 shows the structure and
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3. Supply module diagram

List of variables:

LS1 - Area prepared for planting or being regenerated (ha) LS4 - Either the total area of overmature, even-aged crop (ha) or
LS2 - Total area of young, even-aged crop (ha) the total area of uneven-aged natural forest managed on
LS3 - Total area of immature, even-aged crop (ha) a felling cycle (ha)
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LSS - Growing stock, volume of young, even-aged crop (m’)

LS6 - Growing stock, volume of immature, even-aged crop (m*)

LS7 - Either growing stock, volume of overmature, even-aged
crop (m”) or the total merchantable volume of uneven-aged
natural forest (m3)

LS8 - Volume of logs from thinning and final felling (m®)

LS9 - Stock of land for planting/regeneration (ha)

LS10 - Volume of marketable smallwood from thinning and final
felling (m)

RS1 - Annual addition to area being prepared for planting or be-
ing regenerated (ha) [controls CUT or DEMAND or DATA
(% of LS9)]

RS2 - Area of which planting/regeneration operations are com-
pleted annually (ha)

RS3 -~ Area on young crop transferred to immature crop annually (ha)

RS4 - Area of immature crop transferred to mature crop annually
(ha)

RS5 - Annual increment of young stands (m)

RS6 - Annual increment of immature stands (m)

RS7 - Either annual i of Jover even-aged
stands or annual increment in uneven-aged natural forest (m:')

RS8 - Loss of mature/overmature forest to agriculture and other
uses (ha) [control DATA (% of LS4)]

RS9 - Acquisitions (+) or disposals (-) of land for planting/regen-

eration (ha) [controls NEW or DATA (% of LS9)]
RS10 - Area of final felling (ha) [controls SUPPLY or DATA (%
of LS4)]

operation of the module. A reference list of the vari-
ables with their codes is also provided; those marked
with an asterisk require input from the data file, the
others are generated automatically by the computer.

The module diagram shows areas on the left and
volumes on the right hand side. Looking first at the
areas, each year, the stock of available land (LS9) is
reduced by the area taken for planting/regeneration
(RS1) and replenished by land acquisition (RS9) and
felling (RS10). In even-aged crops, new land is added
each year to the total area under regeneration (LS1)
and, as planting/regeneration (RS2) takes place, a new
age class is added to the total area of young crop (LS2).
Similarly, the oldest age class in LS2 is added to the
total area of immature crop (LS3), the transfer age
(DTFR). At maturity (DROT), the crop is either felled
(RS10) or is allowed to continue to grow and classed
as overmature (LS4). The AREA array keeps track of
the areas of the age classes and is updated at annual
intervals by the computer.

Growing stock volumes are recorded separately for
young crops (LS5), immature crops (LS6) and overma-
ture crops (LS7). The user specifies the age at which
a young crop transfers to immature crop (DTFR) and
the rotation age (DROT). Mean annual increment per
ha is supplied from data for young, immature and over-
mature crops (AS5, AS6 and AS7 respectively). Incre-
ment rates (RSS5, RS6 and RS7) are derived by multi-
plying the increments per ha by the areas of LS2, LS3
and LS4 respectively. Thinning takes place during the
period of immaturity (DROT-DTFR) and is allowed
for by specifying the average yield per ha per year for
logs (AS8) and smallwood (AS10) throughout this pe-
riod. The volume derived from final felling (RS13) is
divided proportionately (as set by AS9) into logs and
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RS11 - Volume of young crop transferred to immature crop (m3)

RS12 - Volume of immature crop transferred to mature crop (m°)

RS13 - Volume (logs plus smallwood) from final felling (m’) [con-
trols: CYCLE (% of LS7) or SUPPLY or DEMAND or
DATA (% of LS7)]

- Mesan annual increment per ha of young, even-aged crop
(m”)

— Either mean annual increment per ha of immature, even-
-aged crop, or mean annual increment per ha of uneven-
-aged natural forest (m”)

- Either mean annual increment per ha of overmature, even-
-aged crop (m®) or average yield per ha, of merchantable
timber in uneven-aged natural forest (m3)

- Average annual merchantable yield of logs from thinnings
per ha of either even-ag‘ed, immature crop or, total uneven-
-aged natural forest (m”)

AS9 - Proportion of logs in volume of final crop (min. 0, max. 1)

AS10 - Average annual merchantable yield of smallwood from

thinnings per ha of either even-aged, immature stands or
total uneven-aged natural forest (m”)
DRGN- Regeneration period (years) (min. 1)
DTFR - Transfer age, young to immature stands (years)
DROT - Rotation length or length of felling cycle for uneven-aged
natural forest (min. 1)

AREA - Array for areas of crop by age classes (max. DRGN for
uneven-aged forest; min. |, max. DROT + 9 for even-aged
crops)

AS5

AS6

AS7

AS8

smallwood; these volumes are then added to the volu-
mes obtained from thinnings to give projections of total
crop outputs of logs (LS8) and smallwood (LS10) for
each year.

Felling and regeneration rates are specified by the
user. They can be controlled in various ways, as shown
in the reference list, by using the appropriate control
words in the data. The rate at which land is taken for
planting/regeneration (RS1) can be determined by fu-
ture demand at the end of the rotation, so that the com-
puter generates a planting programme sufficient to
meet future needs, or by automatically regenerating the
area felled, or by specifying a planting programme. The
felling rate can be determined by felling each age class
as it reaches maturity (the SUPPLY control), or by
felling sufficient to meet demand year by year; alterna-
tively the user can use the DATA control by specify
a felling programme either by area (RS10) or by vol-
ume (RS13).

Uneven-aged crops are handled by recording the to-
tal area of forest in LS4, the total volume of growing
stock in LS7 and the yield per ha of merchantable tim-
ber in AS7. The felling rate (RS13) controlled by CY-
CLE enables the forest to be cut over at a specified rate
on a given felling cycle (DROT). Regeneration can
either follow felling (when controlled by CUT), or be
determined by future DEMAND, or be specified by
DATA. Increment on regenerated areas is specified in
AS6.

THE CZECH REPUBLIC NATIONAL MODEL

A forest sector model for the Czech Republic was
set up in July, 1994 using VOLPLAN, which is now
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domestic use 50
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domestic use 700 <

domestic use 1000 <

4. Czech Republic national model diagram

being developed into a TIMPLAN model. This work was
undertaken as part of a forest sector policy review under-
taken by Landell Mills Ltd as part of the EC-PHARE
programme. The model will be demonstrated during the
Conference.

The structure of the model is shown in Fig. 4. It
consists of eight products and two crops. The flows are
for 1993 and are in thousand cubic metres (or thousand
metric tonnes for paper).

The total commercial forest area in the Czech Re-
public is approximately 2,542,700 ha, made up of
1,994,800 ha of coniferous and 547,900 ha of broad-
-leaved forest. Rotations of 100 years were used for
both types. These crops supply roundwood for export
and for processing into a total of eight products. Logs
are utilized for coniferous and non-coniferous sawn-
wood and for plywood production; smallwood (pulp-
wood, poles and fuelwood) and processing residues
provide the raw material for the remaining five pro-
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logs 4100 «——Crop 1 CONIFEROUS FOREST

2 NON-CONIFEROUS SAWNWOOD—»residues 40

l«———veneer logs 52 «——<—logs 400 «—Crop 1 BROAD LEAVED

Product I7 PITPROPS, POLES ETC «—smallwood 700 «———

Product Ie INDUSTRIAL FUELWOOD <«—smallwood 1000 «———Y

L—» smallwood 4300 ————

FOREST
smallwood 1000———
» cores 22.5

residues 500 <«

ducts — pulp and paper, particle board, fibreboard, pit-
props and poles and industrial fuelwood.

Six per cent of the coniferous log supply consists of
prime logs for plywood, the remaining 94 per cent goes
to sawmills; the corresponding percentages for broad-
-leaved logs are 13 per cent and 87 per cent. Sawmill
residues (12.5% of sawlog input) and plywood cores
(10% of input) are utilized for pulp and paper produc-
tion.

The age class distribution of the forest is uneven, but
data was available to show the areas by decades from
which average yearly figures were derived to build up
the AREA arrays for the model. It was estimated that
297,900 ha of coniferous and 78,000 ha of broad-
-leaved forest are more than 100 years old.

The mean annual increment of conifers up to rota-
tion age was put at 5 m3 per ha per annum; for older
stands an increment rate of 3 m> per ha per annum was
used. The corresponding increment rates for broad-
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-leaved forest were 3 and 2 m’ per ha per annum. It
was assumed that felling would be immediately fol-
lowed by replanting and that the volume felled would
be determined by the demand for sawn timber.

Exponential increases in annual demand for the vari-
ous products (based on FAO, 1993) were put at 2 per
cent for sawnwood, 4 per cent for panel products, 3 per
cent for pulp and paper and 1 per cent for pitprops,
poles and industrial fuelwood.

The standard version of the model, represented by
the data and assumptions in the data file, was used to
obtain projections for the next 50 years. These indi-
cated that felling at the rate required to satisfy demand
would progressively reduce the area of overmature
crops until, in about 30 years time for conifers and
20 years for broad-léaved forest, demand is likely to
overtake supply. Assuming an average rotation length
of 100 years, the forests of the Czech Republic are in
no danger of being overcut in relation to their sustain-
able productive capacity for many years to come; it
would appear to be advantageous to increase the pre-
sent felling rate and reduce the overmature age classes
faster if markets for the extra output can be found.

Various options were tested with the model to ex-
plore the policy implications of increasing the felling
rate by exporting more sawn timber. Doubling the rate
of increase of export demand, from 2% to 4%, reduces
the time taken to extinguish the overmature age classes
by about five years. An increase in coniferous sawn tim-
ber exports from 680,000 m’ at present to 1.5 million in
three years time would have the effect of removing the
overmature coniferous growing stock in about 20 years.

Increased felling will affect the quantity of small-
wood available for pulp and paper production and pro-
cessing into subsequent products unless the proportion
of logs in total roundwood also changes. Either addi-
tional markets for the products which utilize smallwood
will need to be found or sawmills will have to process
more small logs.

In the long run, demand increases at the forecast
rates will lead to a shortfall in wood supply unless
steps are taken to raise productivity by forest manage-
ment improvements. Reliable data is needed to enable
various management options, such a heavier thinning
and shorter rotations, to be related to changes in rates
of tree growth, but preliminary indications obtained

RUSTOVY MODEL LESA TIMPLAN

M. Gane

8 Rotha Field Road, Oxford OX2 8JJ

Popisuje se jednoduchy ristovy model lesa, ktery je
soucdsti mnohem vétsiho, komplexniho sektorového
modelu lesa, zahrnujiciho lesnf fond, t€Zbu, zpracovéani
dfeva a obchod. Tento sektorovy model m4 slouZit pro
analyzu a pldnovén{ lesnické politiky a umoZiiuje ho-
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from the model suggest than the supply/demand imbal-

ance would be delayed for at least 10 to 15 years if the

mean annual increment could be increase from 5 to

6 m> per ha per annum.

The VOLPLAN model therefore provides a tool for
starting to develop forest management strategy in the
Czech Republic. As new data becomes available, it can
be fed into the model to give more reliable and infor-
mative sets of projections. Furthermore, the model it-
self can be elaborated to include more crops or pro-
ducts. The national model could also be subdivided to
obtain district forest models.

Development of a TIMPLAN model is desirable to
explore the financial and economic consequences of
alternative strategies for the forest sector. A preli-
minary national model has been set up, using the
VOLPLAN model as a basis, but this will need to be
refined before it can yield useful results. Relevant ques-
tions to be investigated with the TIMPLAN model in-
clude:

1. how to obtain the best return on investment in the
forest sector?

2. the effect on employment of different strategic choi-
ces?

3. the effects of various forest management alternatives
on forest industries, including value added and in-
vestment requirements?

4. forest sector effects on the trade balance and foreign
currency earnings?

5. the sustainability of different strategies?
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listické zpracovani aktivit v daném sektoru, takZe kdyZ
simulujeme alternativni zpiisoby obhospodafovénf les-
nich porostd, v plném rozsahu odhalime jejich pravdé-
podobné disledky v&etn& zmé&n produkce, nékladd,
pifjmu, potfeby pracovni sily, tvorby kapitdlu, ziskd
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a vydélku cizi mény. Sektorovy model je obsaZen
v modelovém systému nazvaném TIMPLAN. Jedn4 se
o potitatovou sadu programi, kterd umoZiiuje uZivate-
lim vytvafet a provozovat jejich vlastni modely, pfi-
zplisobené struktufe a vlastnostem lesnického sektoru
v dané zemi, regionu nebo oblasti, kterou se zabyvaji.

Modelovy systém vychdzi z principi ,systémové
dynamiky* a pouZivd standardni prvky nazyvané trov-
n&, stupn&, pomocné drovné, zpoZzdéni, dopliikové pole
a dopliikové veliiny; kazdy prvek se pouZivd mnoho-
krét, aby v systému reprezentoval rizné parametry,
a déle se prvky organizuji do jedendcti funk&nich mo-

o vékovych tifdach pro zikladni rok, obmytni nebo té-
Zebni cyklus, objemovy pfirlist na hektar za rok ve
vékovych tfidich mladého, stfedniho a mytniho poros-
tu a mnoZstvi dfeva, které je tfeba kazdorocné vytézit
probirkami. UZivatel upfesiiuje a upravuje rychlost ob-
novy lesa a vysi t€zby. Pocita¢ vypocitd pro kazdy po-
rost a pro kazdy rok porostni zdsobu a vytéZenou diev-
nf hmotu aZ na obdobf 100 let. Systém miiZe pracovat
jak s pfirozené zmlazenymi, tak s uméle zaloZenymi
porosty.

V préci se popisuje celostdtni sektorovy model pro
Ceskou republiku, ktery ilustruje metodiku modelu.

dulid. Ristovy model je obsaZen v modulu ,,doddvka*;
tento modul se opakuje pro kazdy porost. UZivatel pfi-
pravi soubor dat ve standardnim formdtu a zad4 ddaje

model riistu; ristovy model lesa; lesnickd politika; pro-
dukce

Contact Address:

Dr. Michael Gane, 8 Rotha Field Road, Oxford OX2 8]J, United Kingdom

Cape, J. N.: Environmental influence on the development of spruce needle cuticles (Vlivy prostiedi na vyvoj
kutikul smrkovych jehlic)

New Phytol., 1993, s. 787-799 - 3 obr., 6 tab., lit. 39

Voskové vrstva na kutikule listu zabrafiuje ztrdt€ vody kutikul odrazovym povlakem, aby se sniZila teplota povrchu listu. Jednd se
o fyzikdln{ bariéru proti pronikdn{ houbovych hyf nebo proti napadeni hmyzem. Nebylo prokdzdno, Ze by biosyntéza pokracovala za prvni
vegetaéni dobu. Bylo zji§téno, Ze u smrku Picea rubens klesd mnoZstvi vosku na jehlici se stoupajicim vékem jehlice. Kromé tohoto smrku
byl pfedmét vyzkumu sledovén i u daldich smrki, a to Picea abies, P. mariana a P. glauca. Semendcky byly sledovdny ve skleniku a
v komordch s kontrolovanym prostiedim. Byly zkoumdny ucinky ristového prostiedi na epikutikuldrni produkci vosku jehlic, na morfologii
a na smécivost jehlic. I kdyZ relativni tempo riistu bylo podstatn& niZ$i u semend&ki pé&stovanych ve volnu, neexistovaly rozdily v morfologii
vosku na semendccich péstovanych ve volnu a ve skleniku. Depozity vosku na semendccich s kontrolovanym prostfedim byly vyznamné
krystalické. Zastin&€né smrky P. rubens a P. mariana produkovaly podstatné vice vosku neZ nezastinéné. MnoZstvi a morfologie povrchovych
voskil a sméd&ivost &tyf druhli smrku se mohou upravit ristovymi podminkami. - M. Pa ga ¢

McCormack, M. Jr.: Reductions in herbicide use for forest vegetation management (SniZené pouZivani
herbicidi pro obhospodarovini lesni vegetace)

Weed Technology, 1994, s. 344-349 — 3 obr., 2 tab., lit. 8

Herbicidy maji vyznamnou dlohu pfi vylepSovéni druhové skladby, pfi zvySovdni pfiristu a pfi zkracovani délky obmyti. PouZivéni
herbicidd se ale v posledni dobé& redukuje. Pro tuto skutenost se uvddéji &tyfi diivody. Prvnim diivodem je celkovd ekonomickd situace,
kdy se krati poloZka rozpo&tu na pé&stovéni lesa. Déle byly zmé&n&ny provozni podminky a do$lo ke zmé&ndm v téZebnich metodach. Tech-
nologie a strategie péstovéni je zimérn& zaméfena na snizené mnoZstvi herbicidi. Emogni tlaky vefejnosti vytvofily ndladu tzv. névratu
k pfirodé a prosazuje se jasnd redukce nebo dokonce odstran&ni herbicidd z lesdi. Veobecné je pouZivéni herbicidi v lesich v riznych
oblastech odli$né. Rizné vlastnictvi lesdi ovliviiuje politiku i praxi. Také pojeti ekonomickych dfevin se li§{ uvnitf oblasti i mezi nimi.
Uviédéji se faktory, které budou ovliviiovat budoucf redukci mnoZstvi pouZfvanych herbicidi: novd chemie, zlepend technologie, zapojen{
obhospodarovén{ veg do viech aspektii p&stovéini mladych porostii, vyuZiti alternativnich metod. - M. P a g ac
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THE MELA SYSTEM AS A FORESTRY MODELLING

FRAMEWORK

M. Siitonen

Finnish Forest Research Institute, Unioninkatu 40A, 00170 Helsinki

The Finnish MELA System is reviewed as a forestry mo-
delling framework. MELA is an operational information
system, or a synthesis tool, for solving problems related
to how to manage forest stands in order to achieve the
overall (usually forest level) goals for forestry in each
particular decision situation. The system was originally
designed in the late 1970s for the analysis of long term
timber production possibilities at regional and national
levels based on the sample plot and sample tree data of
the Finnish National Forest Inventory. Besides the regu-
lar determination of the regional cutting possibilities, the
large-scale applications of MELA include two rounds of
national timber production analysis since the middle of
the 1980s. Now, the system is also widely applied in prac-
tical forestry in stand level applications and in forest re-
search in Finland. The first international pilot project
was started in 1994 in Lithuania, The FORTRAN 77 soft-
ware is portable to DOS, OS/2, OSF/1, VMS, and several
UNIX environments.

forest management planning; forest policy; stand mana-
gement; synthesis methods; simulation; individual trees;
linear programming; hierarchical constraints

INTRODUCTION

When considering any given activity, one should be
aware of the factors and consequences influencing the
decision in question. In forestry, when deciding the
national forest policy as well as the management of an
individual forest stand, attention needs to be paid to
forest resources and their growth potentials, the goals
of forest owners, the demand for forest products, the
costs of operations, the general exploitation rate of for-
ests and the intensity of silviculture, the goals for na-
tional forestry, and the whole physical and economic
environment of the forestry unit over time.

Planning means the analysis of future potentials, de-
cisions and operations taking into account the pertinent
factors and their interactions. Planning plays the role of
a consultant, for example, in complex decision situa-
tions and in regulating such decision objects as national
or enterprise’s forest production over time, by charting
the production and decision potentials, by selecting ef-
fective solutions, and by reconciling conflicting de-

LESNICTV{-FORESTRY, 41, 1995 (4): 173-178

mands. In forestry, the interest horizon may reach one
century or even more because of the long production
cycle, and therefore decisions can be based on uncer-
tain assumptions of future needs and potentials only.
Even if the principal interests in forest management
decisions have a short time horizon, more far-reaching
studies have to be carried out to ascertain the sustain-
ability of forestry.

When using computational methods, knowledge de-
scribing discovered (or supposed) dependencies is uti-
lized in the form of models. The variety of models
needed in forest management planning reaches from
the natural processes to human activities and economy.
Advances in data processing have allowed the develop-
ment of powerful synthesis methods, such as the Finnish
MELA System (Kilkki, Siitonen, 1976; Sii-
tonen, 1983, 1993; Kilkki, 1987) discussed here,
and consequently increasingly versatile and detailed
analyses on the different levels of forest production.

This paper summarizes recent experience and vi-
sions concerning the Finnish MELA System as a fo-
restry modelling framework.

THE MELA SYSTEM

MELA is an operational information system, or
a synthesis tool, for solving problems related to how to
manage forest stands in order to achieve the overall
(usually forest level) goals for forestry in each particu-
lar decision situation. The system was originally de-
signed in the late 1970s for the analysis of long term
timber production possibilities at regional and national
levels based on the sample plot and sample tree data of
the Finnish National Forest Inventory (Siitonen,
1983). Now, the system is also widely applied in prac-
tical forestry in stand level applications and in forest
research in Finland. The FORTRAN 77 software is port-
able to DOS, 0S/2, OSF/1, VMS, and several UNIX
environments.

The method applied in the MELA System is to simu-
late automatically a finite number of feasible (or bio-
logically, technically, ecologically, economically, so-
cially sound and acceptable) optional management
schedules for the stands over time, and to select simul-
taneously both a production program for the whole for-
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1. The principle scheme of the MELA System
SIMULATION OF SELECTION OF (Siitonen, 1993)
MANAGEMENT SCHEDULES PRODUCTION
FOR FOREST STANDS PROGRAM FOR THE
(MANAGEMENT UNITS) FORESTRY UNIT
management schedules optimum
of the forest stands solution
stand schedule schedules
no no selected
x—o0—X 1
—Zx——o—-——x 2 <> 1.00
1 ——t!-_—x KmemQ X 3
:x 5
shadow
X——0—x 1 <> 1.00 prices
2 —£x+x 2 etc.
X——Q——X~—0--—X 3
3 XemeeQ e X wmeX ==X 1 <> 1.00
n —tx—c!: <> 0.13
Xee=Q====X 3 <> 0.87
1 B ) +. 1 4. |
|} L) 1 1
time |p problem
the characteristics describing minimize
(x) the states and or goal
(o) the events maximize
of each subperiod, <
of each management schedule, and = con-
of each stand (management unit) > straints

estry unit and the management for the stands based on
the actual (or hypothetical) goals of the decision maker.
The management schedules define the search space in
solving each individual decision problem. These prin-
cipal steps are illustrated in Fig. 1.

Rather than just finding an optimum solution, opti-
mization should be primarily understood here as a tool
to effectively select effective solutions with several si-
multaneous conditions (or performing the synthesis
over forest resources, goals, physical production, eco-
nomic aspects and efficiency, etc., over time).

The method is based on the general assumption that
the development of the natural processes in the forest
stands — and consequently the development of the fo-
rest resources — can be predicted, and the limited num-
ber of management schedules can.describe the future
potentials of the forest with sufficient accuracy con-
cerning the decisions under consideration. Relevant
forest resource data and forest development, forest
management and forest economy models are required
to accomplish any calculations. One should also make
a difference between the general simulation-optimiza-
tion paradigm, and the actual forest data and models
having a large influence on the actual results and their
relevance.
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Typical MELA tasks consist of the following iter-

ative steps:

— Generation of stand and individual tree level input
data.

— Generation of application dependent parameters and
instructions for simulation.

— Simulation of feasible management schedules for
stands over a desired calculation period.

— Formulation of the optimization problem on forest
level.

— Selection of the forest level solution and the manage-
ment of the stands (synthesis).

— Re-simulation of the management schedules in the
forest level solution (for non-stored details).

— Return of stand level results into stand data base.
The forest resources are described in MELA by all

the stands or a representative sample. The stands may

be grouped in advance into management units that con-

sist of one stand or a set of homogeneous stands.

A management unit is described in the simulation by

one or more ,sample plots* and the growing stock on

the sample plots with sample trees. The sample plots

represent the variation within the management unit.

The sample plots and the trees are furnished with vari-

ables necessary for further calculations, such as the
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number of stems/ha (that each tree represents), tree spe-
cies, diameter, height and age of each tree. The simu-
lation variables of trees are transformed into volumes,
timber assortments and values etc. using respective
general models.

The simulation of the management schedules con-
sists of natural processes (for example, ingrowth,
growth and mortality of the trees) and human activities
(for example, cuttings, silvicultural treatments, drain-
age of peatland, fertilization, and changes in land use).
A set of detailed models based on individual trees de-
scribing natural processes (Ojansuu et al,, 1991),
treatments, timber prices, costs, management instruc-
tions etc. is utilized.

In the current version of MELA, linear program-
ming is applied in the simultaneous selection of the
forest and the stand level solutions over time. For the
details of the linear programming software (JLP) and
the optimization problem ( Lappi, 1992; Lappi et
al., 1994). In the JLP model, the management schedules
are activities. There are hundreds of variables available

I. A timber production program for the whole of Finland as a combination of 23 regional MELA soluti

as optional decision criteria (goal and constraints in the
JLP problem) both for the whole forestry unit and for
its subsets (any sets of stands). The decision variables
describe the state and the development of the forests,
as well as forest production and its economy over the
whole calculation period. The optional decision vari-
ables make it possible to solve various planning pro-
blems depending on the actual needs of the decision
makers. A JLP solution gives one efficient manage-
ment policy from the management schedules. Multiple
goal problems are solved through the iterative use of
JLP, analysis of the primal and dual solutions and regu-
lation of the constraints.

Tab. I gives a summarized example of MELA re-
sults on forest (national) level. For further details, illu-
strations, numerical examples and requirements for
models (Siitonen, 1993) and for backgrounds also
Kilkki (1987) and Siitonen (1994).

The MELA System as a whole can be regarded as
an upper level decision model consisting of lower level
models describing natural processes, forest production

value of the

The net p

future revenues was maximized subject to even or increasing flow of timber, saw logs and net income over a 50-year period for each region.
The data consisted of about 8,000 management units and 200,000 management schedules in total. The calculations were carried out in 1990

(Siitonen, 1993)

1990 2000 2010 2020 2030 2040
Forest area, mill. ha 21.2 21.2 21.2 21.2 21.2 212
Volume, mill. m? 1,789 1,924 1,983 2,077 2,284 2,594
Pine 790 861 986 1,208 1,477 1,743
Spruce 675 690 613 515 515 599
Birch 265 304 315 299 253 220
Other species 59 69 68 55 39 32
Saw logs 696 690 656 641 662 785
Pulpwood 914 1,048 1,147 1,269 1,471 1,668
1990-2000 2000-2010 2010-2020 2020-2030 2030-2040
Increment, mill. m¥/a 83.6 85.6 92.7 104.9 117.2
Pine 36.6 423 535 66.2 75.4
Spruce 28.3 25.5 235 25.9 31.7
Birch 14.6 14.1 129 10.8 8.7
Other species 4.0 3.6 29 2.1 1.5
Drain, mill. m%a 70.1 79.7 833 84.2 86.2
Natural 34 43 4.7 4.4 43
Cut 66.7 75.3 78.6 79.8 82.0
Cutting removal, mill. m¥/a 61.5 71.1 74.1 75.9 78.8
Pine 264 26.8 27.7 35.5 44.8
Spruce 25.1 31.6 317 24.6 22.1
Birch 8.1 103 11.7 13.0 10.1
Other species 1.8 24 3.0 29 1.7
Saw logs 34.1 379 36.8 36.0 36.6
Pulpwood 273 33.1 37.4 39.9 42.1
Cutting, mill. ha/a 0.61 0.67 0.63 0.65 0.65
Regeneration, mill. ha/a 0.25 0.23 0.22 0.20 0.19
Tending, mill. ha/a 0.28 0.33 0.36 0.28 0.22
Gross income, mill. FIM/a 12,744 14,393 14,501 14,757 15,338
Costs, mill. FIM/a 3,902 4,308 4,369 4,329 4,377
Net income, mill. FIM/a 8,842 10,085 10,132 10,428 10,961
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and its economy with the details of individual trees and
forest stands. The MELA System is intended to be
a framework for gathering, managing and synthesizing
all relevant information for forest management plan-
ning (for example, forest resources, forest models,
goals for forestry) from the stand and tree levels to
decisions concerning the whole forestry unit.

APPLICATIONS

The applications of the MELA System fall into four
overlapping categories, research projects, strategic
analyses, stand level analyses, and updating of forest
resource data. Besides the regular determination of the
regional cutting possibilities, the large scale applica-
tions of MELA include two rounds of national timber
production analysis in Finland since the middle of the
1980’s (The Forest 2000 Programme 1986, The Presen-
tation of the Revised Forest 2000 Program 1992). The
national level calculations of the third generation will
be carried out in 1994 to 1996. MELA has been (or is
being) installed by a limited number of customers in
state, company and private forestry to be the forest
management planning module of their own forest -

VOLUME OF THE GROWING STOCK

(stand) information systems. The first international pi-
lot project, in Lithuania, was started in 1994.

As an example of applications, alternatives 1-3 in
Fig. 2 indicate the utilization and the development pos-
sibilities of the Finnish forest resources based on the
information included in the current MELA version and
on the hypothetical goals. According to the results, the
forest resources as such allow a remarkable increase of
cuttings besides other uses of the forests, if the silvicul-
tural intensity of the 1980s is kept (see also Tab. I).

The results of syntheses also seem to suggest more
options and a more dynamic way of thinking in forest
management on stand level than the conventional re-
strictions and formal regulations.

FURTHER DEVELOPMENTS

The experience up to now reveals that the current
MELA version may finally be reaching the critical
mass in substance, versatility, applications and func-
tionality via such contributory factors as production
planning paradigm, simultaneous forest and stand level
synthesis, detailed and automated simulation of forest
processes, open hierarchical decision problem, integra-
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quences during the period 1990-
2030. The development up to 1990s is
based on forest statistics, and the fu-
ture estimates are a sample of recent
planning results (Siitonen, 1993)
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tion of conventional decision levels as well as physical
production and economy, and capacity for practical
problems.

The MELA Team is carrying out in 1994-1996 the
project The Production Potential of the Finnish Forests
in 1996-2025. In this third regional and national analy-
sis of its kind since the middle of the 1980s, we intend
to include transportation costs from forests to the mills
(in addition to the costs of logging and extraction),
other uses of forests than timber, land use allocation
questions, etc. into the synthesis. For example, we try
to calculate the regional production possibilities
boundaries between timber production and other uses
of forests assuming different production technologies
(such as the prohibition of clear cuttings and the pro-
tection of the oldest forests). The calculations will be
based on the data of the eighth National Forest Inven-
tory (NFI) being finished in 1994 (Salminen, 1993).
The multi-source information of the NFI on pixel level
(interpreted from Landsat information, digital maps
and the NFI field measurements - Tomppo, Sii-
tonen, 1991) should be useful, for example, when
presenting planning results on large-scale maps over
the whole country.

The next steps of the system development will com-
prise the finish of the current system generation of pro-
totype character towards a complete product. Besides
the project tasks mentioned above, supplements to syn-
thesis (such as the indicators of ecosystem state and
dynamics), new or improved forest models (natural
processes including timber quality, stand management,
production, and economy), preparing for international
applications by separating general (simulator and opti-
mization framework) and local (actual data and mo-
dels) system components, and publishing the module
and interface definitions, need to be accomplished. In
fact, the MELA simulator and the LP solver should be
put together with the decision support system compo-
nents (graphical user interface, GIS and maps, econo-
mic short term analyses) to constitute a forest ma-
nager’s toolbox (for example Nuutinen, 1994).

The trends in computer capacity and prices seem
favorable still further. The maximum size test problems
solved today are illustrated by the materials of more
than 100,000 management units, 2-3 millions of ma-
nagement schedules in total with 10 or so decision vari-
ables in one optimization problem (a 64-bit Digital
Alpha AXP3000/600S server, 128 Mb). Memory ap-
pears clearly the limiting resource in larger optimiza-
tion problems. The increasing computing capacity can
be allocated to broader and deeper syntheses, larger
data, more complex structure of forestry units, faster
runs, etc. depending on each problem being solved.

CONCLUSIONS

The stand level applications of the MELA System
in the 1990s seem to prove a breakthrough of the goal-
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-oriented synthesis paradigm also in practical forestry,
besides large-scale strategic analyses in Finland. The
local case-by-case methods of forest management plan-
ning are being replaced by more universal tools making
deeper and broader syntheses possible in each particu-
lar decision situation based on more detailed informa-
tion. The universality requirement for the synthesis tools
implies also getting beyond the everyday driving forces
or philosophies of forest management.

The hierarchical goal-oriented synthesis based on
the detailed description of forests and forestry, is now
changing from a research instrument to a planning tool
of practical scale. Besides the usual problem solving,
the planning system also transfers research results to
practical forestry as well serves as a platform for new
aspects in synthesis and for further development efforts
and advances in data, models, methods and technologies.

Tens or soon hundreds of thousands of management
units, actual stands or items of a sample, are fit in one
single optimization problem, to say nothing of the de-
composition of problems, the aggregation of data, and
trends in computing capacity. The lack of synthesis
tools and computing power is no more a valid excuse
to refuse strengthening the information infrastructure
for forest management, such as reliable data and rele-
vant models, and solving practical forest management
planning problems. For example, the quantitative facts
about the existing lands and forest resources with their
future potentials, the estimates of human needs, and the
syntheses covering the forest production as a whole
should constitute a basis for the reconciliation of to-
day’s conflicting demands in forest management.

Strategic forest policy questions as well as individ-
ual stand management decisions have a'.common basis
in the management of the forest resources in a satisfac-
tory way, though there are differences in such details
as the scale and the time horizon. The selection of the
upper level solutions (or performing forest level syn-
thesis) from the lower level options (or the manage-
ment schedules of stands over time) based on decision
makers’ actual preferences, is a universal and simple
paradigm in planning. Several strategic and operational
forest management problems can be solved as varia-
tions in this basic theme. The modifications may ap-
pear, for example, in the scope of the problem, in the
variables of the actual utility function, in the lengths of
the planning horizon and the resulted calculation peri-
ods in different situations, and in the size and complex-
ity of the hierarchical structure of forestry units.

The future of forests is open and regulable by human
activities even if numerous uncertainties have to be
taken into account. The upper level synthesis from the
optional lower level ,management schedules* furni-
shed with standard variables, or the simultaneous regu-
lation of the whole and the details, gives a more com-
prehensive characterization of the future of forests than
the conventional predictions of the ,,probable develop-
ment. If applied on a large international scale, local
information in this framework may originate from any
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source or software just able to produce relevant future
options. The level of aggregation and the number of
hierarchical levels may vary region from region from
one or few prepared scenarios for each region to the
management schedules of all the (sample) stands, de-
pending on the available information and computing
resources, and the ambitions of the synthesis in ques-
tion.

According to our experience, the hierarchical goal-
-oriented synthesis seems a valid and operational para-
digm for the analyses of potentials, operations and
trends in forest production, from forest holdings to na-
tional level, and also on a larger scale if local informa-
tion production (data and models) can be generally or-
ganized.
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SYSTEM MELA JAKO RAMCOVY MODEL LESNIfHO HOSPODARSTVI

M. Siitonen

Finsky lesnicky vyzkumny istav, Um'oninkan; 40A, 00170 Helsinky

Na finsky systém MELA lze pohlfZet jako na rdmec pro mo-
delovénf lesnfho hospodéfstvi. MELA je operaénf informacnf
systém neboli synteticky néstroj pro feSen{ problémi jak hos-
podafit v lesnich porostech, abychom v kaZdé jednotlivé roz-
hodovac{ situaci doséhli globélnfch cili (obvykle na drovni
porostu). Systém byl plivodné vytvofen koncem sedmdesé-
tych let pro analyzu dlouhodobych moZnostf produkce dfeva
na regiondlni a celostdtni urovni, kterd vychdzela z daji
ziskanych pri celostétni velkoplo$né inventarizaci lesi ve
Finsku. Kromé pravidelného stanovovén{ moZnosti regionél-
ni té€Zby od poloviny osmdesatych let obsahujf aplikace ME-

LA ve velkém méfitku dvé kola analyzy celostitni produkce
dfeva. V soulasné dobé se systému bohaté vyuZivd také
v lesnické praxi na trovni porostu a v lesnickém vyzkumu
ve Finsku. Prvni mezindrodni pilotni projekt zacal v Litvé
v r. 1994, Program je napsdn v jazyce FORTRAN 77 a je
pouZitelny pro opera¢ni systém DOS, OS/2, OSF/1, VMS
a UNIX.

hospodéafskotpravnické pldnovénf; lesnick4 politika; hospo-
dafen{ v porostu; syntetické metody; simulace; jednotlivé
stromy; linedrn{ programovéni; hierarchické omezeni
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Dr. Markku Siitonen, Finnish Forest Research Institute, Unioninkatu 40A, 00170 Helsinki, Finland

178

LESNICTVI-FORESTRY, 41, 1995 (4): 173-178



LESNICTVi-FORESTRY, 47, 1995 (4): 179-183

PREDICTION OF FOREST DEVELOPMENT UNDER
CHANGED ENVIRONMENTAL CONDITIONS

J. Hradetzky

Forstliche Versuchs- und Forschungsanstalt Baden-Wiirttemberg, Wonnhaldestraf3e 4,

79100 Freiburg

From 1986 to 1988 a National Forest Inventory (BWI),
was carried out, for the first time, on a sampling basis in
the Federal Republic of Germany. This produced objec-
tive and reliable information about the condition of the
forest and its production possibilities. It was obvious that
this current information could also be used to estimate
future forest development possibilities. For this purpose
a PC-supported prediction program was developed which
allows the user to examine area structures, growing stock
structures, type structures etc. using evaluation factors
chosen by the user. During the conduct of this project
growth came to be seen as a critical variable because trees
have been growing considerably faster in the last decades
compared to previous decades. No one can say if this is
a lasting condition or if environmental influences will
lead to a further deterioration of the state health of the
forest and to decreases in growth. The reliability of mid-
term predictions, however, is directly dependent upon the
reliability of growth predictions.

forest inventory; growth prognosis; growth changes; en-
vironmental conditions; forest decline

THE DATA BASE OF THE NATIONAL FOREST
INVENTORY (BWI)

The sampling network of the National Forest Inven-
tory was established using a systematic grid with an
interval of 4 kilometers between grid lines. In some
regions a compression of the grid intervals to 2.83 km
or 2 km occurred. The intersection points of the lines
formed the southwest corner of a square (tract) with
a 150m side length. In the four corners of the square
circular sampling plots were established. For trees with
less than 10cm diameter at breast height (dbh) the sam-
ple plots consisted of concentric circles with 1, 2 and
4m radius. Above this diameter threshold sample trees
were selected using the horizontal point method and
basal area factor 4. For each sample tree the dbh,
height, diameter at a height of 7 m, the polar coordi-
nates, trunk damage and some additional characteristic
were recorded. For trees less than 10 cm the number of
recorded characteristics was less comprehensive. A to-

LESNICTV{-FORESTRY, 41, 1995 (4): 179-183

tal of 12,850 forest tracts in the Federal Rebublic of
Germany with about 230,000 horizontal point sample
trees were surveyed.

DATA MANAGEMENT AND EVALUATION
PROGRAMS

In addition to the sequential file structure developed
in the mid-1980s a PC-oriented, dBASE supported data
management with corresponding evaluation programs
was established. This data structure proved to be ad-
vantageous for the construction of a prediction model.
Using this and appropriate models, the growth process
of a tree was carried out by replacing original measure-
ments of diameter, height, etc. with predicted values.
Then necessary sets of data were removed (production)
from the file or added (ingrowth). None of these
changes alters the data structure. Therefore software
that was developed for the inventory evaluation can
also be used for the evaluation of the forest condition
at the end of the prediction period. Only for the calcu-
lation of growth and of production as well as for the
prediction process with its alternatives was the devel-
opment of additional software necessary.

The use of the BWI-evaluation software is important
in two aspects: firstly, much software development ef-
fort was saved; secondly, this practice led to the in-
tegration of the prediction model into the BWI-infor-
mation system complex. The prediction of forest
development and wood availabilities has become an
integral part of this information system and makes
a more intensive use of the inventory data possible.

The BWI-information system contains a high degree
of flexibility concerning the selection of the evaluation
variables and the modes of evaluation. It has a user
friendly interface with menus and a screening card for
selecting and checking spatial elements. The results are
listed standardly in tables with tree species and age
class subdivisions and are supplemented with bar dia-
grams. For questions which cannot be sufficiently an-
swered using the available evaluation tables, the
dBASE file structure allows a special evaluation with
little additional developmental effort.
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THE PREDICTION MODEL

The basis for the prediction of the future develop-
ment of the forest is the modelling of the processes of
growth and of the silvicultural measures. Growth and
silviculture exist in a reciprocal relationship: silvicul-
tural measures can influence the height and structure of
the growth and vice versa silvicultural actions are
formed through the growth processes. Growth can only
be controlled by silviculture. External influences such
as depositions, climate etc. have to be taken as given
and are not variable within the prediction model. This
determines the possible selections for the user: circula-
tion period, thinning cycle, type of thinning, thinning
grade as well the type of stand establishment are modi-
fiable and can be entered according to the user’s de-
sires.

THE PROBLEM OF GROWTH

The research programs which arose due to the ap-
pearance of new types of forest disease at the beginning
of the 1980s have caused a controversial discussion
concerning the growth of trees and stands. On the one
hand, diseased trees showed a considerable reduction
in growth compared to healthy trees; on the other hand,
a growth increase measured against yield tables or pre-
ceding stands could not be overlooked. Definite state-
ments were difficult or even prevented, because there
is no ,normal growth* against which growth changes
can be measured. Even yield tables do not portray
a norm, since these contain past growth with its differ-
ing growth conditions and do not consider the changed
climatic conditions. The use of reference periods is not
without problems either, since the results have already
been determined by the more or less arbitrary selection
of the reference period.

Seen as a whole, both effects, general growth in-
crease and growth decrease for diseased trees, do not
contradict one another. Only the onesided emphasis on
the one effect and the trivialization of the other effect
produced a distorted picture of the actual growth situ-
ation and the whole state of the forest.

A detailed analysis of the growth processes for
spruce in the southwest area should produce more de-
tailed information about the course of growth over time
and as a result a well-founded basis for a midterm pre-
diction of wood availabilities.

THE DATA BASIS FOR GROWTH STUDIES

For this study the data of several special surveys
were available. The most prominent of these were the
growth measurements for the years 1983 and 1988
within the framework of the immissions-ecological re-
search program (IWE) of the Forest Experiment and
Research Station of the State of Baden-Wiirttemberg
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(FVA). In addition data from Mitscherlich for the
Black Forest for the years 1955 and 1956 and data from
the National Forest Inventory (BWI) was applied.

For the immissions-ecological condition survey
1,618 spruces were cut down in 1983 and 1,496 in
1988. Their distribution over the State of Baden-Wiirt-
temberg was considered to be representative. Height
growth for the last 25 years or 20 years, annual ring
width of dbh trunk sections, sociological position, state
of health of the sample trees and other data were re-
corded. The data from Mitscherlich comprises the pe-
riod 1929 to 1954 and with 129 sample plots only rep-
resents the western part of the country. The original
data was not available, instead the average values for
the sample plots were used. Only the age-height rela-
tion and not the growth values were taken from the data
of the National Forest Inventory (BWI).

RESULTS AND DISCUSSION

The height growth of the IWE-sample trees (growth
period 1963-1983 or 1963-1988) is shown in Fig. 1a.
The height development of the sample trees is shown
by short line segments for 5-year age intervals and
2.5 m height intervals. As a whole these line segments
form an empirical directional field. The slope of the
line represents the yearly height growth. The cor-
responding fitting model which expresses growth as
a function of age and height is shown by the lighter
lines. The graphs have been calculated by summing up
the calculated growth values for selected factors such
as age, height.

Fig. 1a leads directly to an obvious conclusion: older
trees — with the exception of the best site quality clas-
ses — show a height growth for the given period, which
was not possible in earlier times. Using present growth
rates these trees would have had a very minimal height
in earlier years. There is only one explanation for this
phenomenon: the sample trees had a lower height
growth rate earlier than in the period examined. This
means that the directional field was flatter.

In Fig. 1b the lighter continuous lines are derived
from the age — height graph (site quality assessment
fan) of the yield table by Wiedemann. The directional
field of the sample trees is clearly steeper than the yield
table curves. The discrepancy between height growth
during the survey period and the yield tables is consi-
derable.

The changed growth behavior becomes even more
obvious when the sample trees are categorized into
relative yield classes based on height development.
Fig. 3 shows the height development of these yield
classes for the same IWE-sample trees. The graphs
show a step-shaped course. The beginning height of the
next older age level is less than the growth in the pre-
vious stage would lead one to expect. This is also a re-
sult of higher growth in recent decades. The older the
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1. Height growth of spruce for the period 1963-1988.
The short lines connect the medium heights of the ple trees at

the beginning of a 5-year age interval with the height at the end of
the age interval. Their slope reflects the height growth. Together
they build an empirical directional field. All age intervals are sub-
divided into 2.5 m height intervals. In Fig. a the lighter lines are the
calculated fitting graphs. In Fig. b they are based on the site index
determination fan from the Wiedemann yield table

trees are, the smaller the portion of higher growth com-
pared to the life of the tree. As a result the final heights
deviate even more from the attainable heights based on
current growth rates. The result is an apparent site qual-
ity class drop with increasing age. If the present height
growth continues the step-shaped graphs will conform
to the smooth model graphs in the course of time.

A limitation must be noted: for higher age levels,
forest utilization based on a target diameter also leads
to a shift in the direction of lower site quality classes.
Up to an age of about 90 years, however, one can
conclude that for all age levels the entire site quality
class spectrum is evenly represented and that the indi-
vidual yield classes are more or less homogeneous.

Fig. 2 shows clearly and impressively how problem-
atical the site index determination is with respect to
growth in the time of changed growth behavior. The
actual growth is — at least for older trees and stands —
considerably greater than the estimated value based on
site quality class. This is also true even when during
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2. Height growth of spruce for individual growth classes.

The short lines connect the medium heights of the sample trees at
the beginning of a S-year age interval with the height of the same
set at the end of the age interval. The beginning height of the fol-
lowing age interval is, as a rule, less than the ending height of the
previous interval. This is caused by the older age and the smaller
portion of the entire height that is connected with a higher growth
rate. The growth classes were based on the ages and heights of the
sample trees for the year 1983. Every class comprises a fifth of the
sample trees and can be considered as homogeneous up to an age of
about 90 years

the site class determination the greater height of the
trees, as a result of the higher growth rate, is taken into
account. Not only the conventional yield tables become
useless, the yield table principle itself becomes ques-
tionable.

The decrease in site quality class with increasing
age, which one observes frequently today, or the in-
crease in site quality class with decreasing age, is
a logical consequence of the higher growth in recent
decades. This is also cinfirmed by the data of the Na-
tional Forest Inventory (BWI) as Fig. 3 shows. The
magnitude of the changes corresponds to those of the
IWE data. The data from Mitscherlich from the 1950s
shows only a comparatively small site quality class re-
duction. This points to a period of relatively stabile
growth. Therefore there was, until the middle of the
1950s, no contradiction between the then current
growth and growth in earlier times.

The survey of diameter growth was somewhat more
difficult, since the silvicultural measures have a greater
effect on the diameter growth than on the height
growth. On the other hand there was a longer series of
observations of the diameter growth than for the height
development for the immissions-ecological survey ma-
terial.

As one would expect the diameter has also shown
an increase in growth in recent decades. Based on
a longer series of observations the beginning of the
periods of greater growth can be localized in the middle
of the 1950s. This increase is clearly recognizable in
Fig. 4. For the sample trees for 1988 the diameter
growth for 5—year age intervals of selected age classes
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dGz,q, (Zimmere)

3. Develog of medium height ind in the Black Forest.

The course of the mean dGz,y, (mean total increment at age 100)
for a 15-year time span is shown. The increase in the site quality
class with decreasing age is almost the same for BWI and IWE data.
For the Mitscherlich data, however, it is considerably less. Within
the 15-year period there is a site quality class increase for the IWE
data and slight site quality class decrease for Mitscherlich data

is shown above the age. The dark extended lines which
represent the growth periods starting with the middle
of the 1950s are clearly above the lighter extended lines
for the preceding time. The fitting graphs also show an
increase of about 30%.

These results cannot be transferred directly to vo-
lume growth per hectare. The available data does not
suit for this purpose due to the missing relationship to
area. Regardless of this one can assume a definite in-
crease in volume growth per hectare since the middle
of the 1950s. The question of future development re-
mains unanswered since the causes of the growth in-
crease are not clear. Possibilities are the increased
amounts of nitrogen inputs, higher levels of CO, in the
air, altered silvicultural methods, discontinuance of fo-
rest litter utilization, better seed, changed climate, etc.
In particular a further continuing elevated nitrogen in-
put could lead to a destabilization of the stands and
possibly to growth losses in the future.

SUMMARY

For purposes of midterm predictions for forest de-
velopment and for wood availabilities a PC-supported
prediction program was developed based on the data
from the National Forest Inventory (BWI). It allows the
user to study the development of area structures, grow-
ing timber structures and type structures using inde-
pendently selected evaluation factors. Since the reli-
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4. Diameter growth of spruce for selected age intervals.
The polygons show the growth development of sample trees for
5-year age intervals. The growth is also the mean from five growth
years. The darker lines beginning with calendar year 1954 occur
along with a noticeable increase in growth. From this point on the
diameter growth is greater than in the preceding period

ability of midterm predictions depends heavily on the
reliability of the growth prediction, growth develop-
ment during the recent decades in the southwestern area
has been intensively examined. One must point out that
for spruce the height growth is considerably above that
expected from the yield tables. The diameter growth
increase, which is also considerable, already begun, in
comparison with earlier times, in the middle of the
1950s. Growth development is an uncertain factor for
midterm predictions of forest development. A solution
is the development of possible scenarios which contain
certain recognizable principles, but as a rule are not
sufficient for clear decisions.
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PREDIKCE ROZVOJE LESU ZA ZMENENYCH EKOLOGICKYCH PODMINEK

J. Hradetzky

Lesnicky pokusny a vyzkumny ustav, Wonnhaldestrafle 4, 79100 Freiburg

V letech 1986 aZ 1988 se provadéla celostdtni inven-
tarizace lesii (BWI) ve Spolkové republice Némecko
poprvé na vybérovém zdklad€. Ziskaly se tak objek-
tivni a spolehlivé informace o stavu lesa a jeho produk-
&nich moZnostech. Bylo zfejmé, Ze téchto soucasnych
informaci Ize také pouZit pro odhad moznosti budouci-
ho vyvoje lesi. K tomuto ticelu byl sestaven pocitacovy
program predikce, ktery uZivateli umoZiiuje zjistovat
strukturu lesnich ploch a porostnich zdsob, typologic-
kou skladbu atd. s pouZitim hodnoticich faktort, které
si zvoli. B&hem realizace tohoto projektu se na rist

zacalo pohliZet jako na kritickou proménnou veli¢inu,
nebot ve srovndni s pfedchdzejicimi desetiletimi stro-
my rostly v uplynulych decennifch mnohem rychleji.
Nikdo nedokaZe fici, zda se jednd o trvaly jev nebo zda
environmentdlni vlivy povedou k dal§imu zhor$ovani
zdravotniho stavu lesa a k poklesu ristu. Spolehlivost
sttednédobych predpovédi je vSak pfimo zdvisld na
spolehlivosti predikce ristu.

inventarizace lest; prognéza ristu; zmé&ny ristu; eko-
logické podminky; ustup lesa
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Prof. Dr. Joachim Hradetzky, Forstliche Versuchs- und Forschungsanstalt Baden-Wiirttemberg, WonnhaldestraBe 4,
79100 Freiburg, Bundesrepublik Deutschland

Willis, M. A. - David, C. T. - Murlis, J. - Cardé, R. T.: Effects of pheromone plume structure and visual
stimuli on the peromone-modulated upwind flight of male gypsy moth (Lymantria dispar) in a forest
(Lepidoptera: Lymantriidae) (Uéinky oblakové struktury feromonu a vizuilni stimuly na feromonem
stimulovany let samcu bekyné velkohlavé proti vétru v lese)

Journal of Insect Behavior, 1994, &. 3, s. 385-409 — 2 obr., 4 tab., lit. 59

Vyzkum probihal v rdmci spoluprice americkych a anglickych pracovi3f. Popis materidli a metod zahrnuje data o pouZitém hmyzu,
syntetickém feromonu a o celkovém postupu. Let samcl bekyné velkohlavé proti vétru modulovany feromonem odpovidajfci riznym
strukturdm pachového mraku a vizudlni stimuly se zaznamendvaly na videu v lese. Ndhradni strom v pokusu tvofil vdlec ze dvou sekcf
koufové roury o priméru 20 cm. Celkova vy3ka zafizeni byla 2,20 m. Pokusy nebyly prakticky ovlivnény populaci bekyné& z volného terénu.
Vsechny rychlosti samcii 1étajicich v mraku z bodového zdroje byly pomalej$i neZ rychlosti samci létajicich v ¥ir§ich, rozptylen&jsich
mracich vychézejicich z vdlcové prepdZky. Ukazuje se, Ze samci orientujici se na zdroje feromonu (atrahujici sami¢ky) spojené s viditelnymi
vertikdlnimi vdlci (stromy) pouZivaji pro lokalizaci zdroje pievdZné olfaktorické podnéty a Ze struktura feromonového mraku zfetelné
ovliviiuje orientaci letu a jeho vyslednou drdhu. Pfedpokldda se, Ze struktura pachového mraku mé specifické parametry, které se musi kromé
jiného osvétlit pokusy v oblasti neurofyziologie a v behaviordlni. Tato struktura miiZe byt napf. vyznamn4 pfi uchovéni identity feromono-
vého signdlu na pozadi Sumu chemického pozadi apod. - M. Pagac

Burkhardt., J. — Eiden, R.: Thin water films on coniferous needles (Tenké vodni filmy na jehlicich
jehliénanu)
Atmospheric Environment, 1994, ¢. 2, s. 2001-2017 - 5 obr., 6 obr. v pfiloze, 2 tab., poetnd lit.

Na jehlicich jehli¢nani jsou tenké vodni povlaky nepozorovatelné zrakem, Z toho diivodu se méfenf vlhkosti provéddéla ptfmo na povrchu
jehlic specidlng konstruovanymi ¢idly vlhkosti v riznych vyskdch 40letého smrku ztepilého v terénu v blizkosti Wiilfersreuthu v oblasti
smréin v severov§chodnim Bavorsku. Cidla byla nasazena na jednotlivé smrkové jehlice za pouZiti pozorovaci v&Ze. Pfi laboratornich
méfenich byla prokdzdna silnd vazba relativni vlhkosti a elektrické vodivosti na povrchu jehlic. Elektrickd vodivost se na povrchu méfila za
pouZiti napéti stfidavého proudu. Data byla zaznamendna pomoci zafizeni na registraci dat. Byla ovéfena obecné schopnost tenkych vodnich
povlaki rozpoustét stopové plyny. Experimentdln& byly prokdzény okem nepozorovatelné vih&ici povlaky i na hydrofobnim povrchu rostlin.
Méfenf byla provddéna v roce 1992 po dobu péti mésicl. V pfiloze je — jako technickd poznidmka — popis nového zafizeni pro vyzkum
kondenzace vodnich par a plynné depozice na povrchu rostlin. Je osvétleno pouZiti zafizeni na smrkové jehlice a na aerosolové vzorky
deponované na umélé sbérné povrchy. - M. Pagac
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MODELLING THE GROWTH OF MANAGED

AND EVEN-AGED STANDS

J. Hynynen

Department of Forest Production, Finnish Forest Research Institute, FIN-01301 Vantaa

In forest management planning, growth and yield models
are used to forecast the development of the forest resour-
ces. Information about the existing forest resources obtai-
ned from forest inventories forms the basis for future
forecasts. The input of the growth models must be consis-
tent and compatible with the data available in these forest
inventories. For decision making in forest policy, long
term forecasts about the development of forests are needed.
The model structure should have valid biological and eco-
logical basis, so that the models are able to produce rea-
sonable growth predictions even when applied outside the
range of the data they are developed from. Evaluation of
the alternative management schedules is an essential part
of forest management planning. Therefore, the growth
and yield models should be able to predict reliably the
effects of various silvicultural treatments on the develop-
ment of managed stands. Methods are discussed by which
the growth response to thinning and fertilization can be
predicted. In model development, data from forest inven-
tories as well as from purpose-designed experiments are
needed. Designed experiments provide the information
about the effects of various silvicultural treatments on
growth and yield, which is important in developing the
model structure. Inventory data provide a representative

sample of the forests, and therefore needed in fitting the

final models.

management planning; forest policy; long-term forestry;
silviculture; thinning; fertilization; Finland

INTRODUCTION

In Finland, sustained-yield forest management has
been practised for many decades. Forests are regener-
ated either naturally or artificially, and most of them
have even-aged stand structure. Stands are thinned one
to four times prior to the regeneration felling and some of
them might also have been fertilized at a certain time.

Forecasting growth and yield is an essential part of
forest management. In Finland, MELA System (Sii-
tonen, 1983) is widely used as an analysis tool in
forest management planning. The system was original-
ly designed for the analysis of long term timber pro-
duction possibilities at regional and national levels, but
today the system is also used in practical forestry in
stand-level applications and in forest research. In
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MELA System growth is predicted by using individual-
-tree distance-independent growth models. Individual-
-tree models provide detailed information about stand
structure and dynamics, yet the input data those models
require are compatible with data available in most fo-
rest inventories. Currently, new growth models for
MELA System are under development. The aim is to
develop growth models that give reliable prediction in
managed stands and can be used for evaluation of the
effects of silvicultural alternatives. The purpose of this
presentation is to discuss the principles that have to be
kept in mind in developing growth models for managed
stands, especially when the aim is to develop models
for a growth simulation system used as a tool in forest
management planning and forest policy.

MODEL CHARACTERISTICS

The models that are developed to be directly applic-
able in forest management planning programs are often
called empirical models (Munro, 1974). The name
empirical comes from the fact that models are based on
periodic tree measurements and make no attempt to
measure every factor that may affect tree growth
(Bruce, Wensel, 1987). However, many empiri-
cal models that estimate tree sizes and stand develop-
ment, include mathematical functions that are well
suited for describing biological processes.

There are many requirements that the models should
fulfil, but at the same time there are several restrictions
that a modeller has to keep in mind in model develop-
ment. One of the most important restriction arises from
the data available. Information about the existing forest
resources is obtained from forest inventories. It forms
the basis and the starting point for future forecasts.
Information gathered in inventories that usually cover
large land areas cannot be very detailed with regard to
individual stand and tree data. There are many stand
and tree characteristics that certainly would be valuable
to measure from the growth modellers’ point of view,
but measuring all of them would be so time consuming,
and therefore so expensive that it is not possible to
accomplish. Therefore, modellers must restrict their
models to those variables available in forest inventory
data (Burkhart, 1993). In selection of the driving
variables of the models, we have to keep in mind not
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only what variables are available in modelling data, but
also what variables are available in that data models are
applied to. It is of little use to develop detailed growth
models that include a large number of variables, if
those variables are not available in the database that is
used as the basis of simulations in practice.

For decision making in forest policy, long term fore-
casts about the development of forests are needed. For
a biometrician, to develop this kind of models is
a challenging task. On the other hand, growth and yield
models that are compatible with forest inventory data,
should be as simple and straightforward as possible,
after all, they are based only on few measured stand
and tree variables. On the other hand models should be
well designed to be reliable and at least logical also in
long term forecasts. Therefore, the relationships be-
tween variables should be described on the valid bio-
logical and ecological basis and the description should
preferably reflect biological causality. Only with well-
designed models it is possible to produce reasonable
predictions even when applied outside the limits of the
data models are developed from. Growth models made
for direct practical purposes have not very often been
too well designed; they might give unbiassed and logi-
cal prediction in the limits of the modelling data, but
outside these limits the model behavior is no more logical.

Illogical model behavior can be prevented by paying
more attention to the model structure and design in
addition to the emphasis put on the good statistical fit.
As one example of sound model structure is a model
assumption according to which growth is stratified into
potential and modifier effects. This kind of structure is
present in many empirical growth models that are ap-
plied in simulators used for forest management plan-
ning purposes (Ek, Monserud, 1974; Leary,
1979; Arney, 1985; Burkhart et al., 1987). In
these models, potential tree diameter growth refers usu-
ally to the growth of open grown tree, modelled as
a function of site quality and phase of development. In
height growth models, it is often assumed that incre-
ments of dominant trees refer to the potential growth
(Arney, 1985; Burkhart et al., 1987). Potential
growth is then modified with a function including vari-
ables referring to the stand density and the relative tree
size. Models in which growth is not stratified in this
way become easily complex mathematically and are
difficult to evaluate in a biological cause and effect
sense (Arney, 1985). However, in practice, problems
may arise in modelling potential growth. It may be
difficult to find enough qualified data to model open
grown tree growth.

EVALUATION OF SILVICULTURAL
ALTERNATIVES
Evaluation of the alternative management schedules

is an essential part of forest management planning.
Therefore, the growth and yield models should be able
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to predict reliably the effects of various silvicultural
treatments on the development of managed stands. We
cannot assume that current silvicultural practices would
not change in future. The environment is changing, fo-
rest policy and forest management are changing, there-
fore we have to be able to predict the development of
forests undergoing silvicultural treatments that today
may seem to be extreme and are not applied in practice
currently.

The silvicultural practices that are usually included
in the growth models are thinning and fertilization. In
most of the growth models, the growth response to
thinning is included implicitly through the variables
referring to stand density (Burkhart et al., 1987;
Ojansuu et al, 1991), but there are also models in
which thinning response is explicitly included by incor-
porating variables referring to the thinning intensity
and the time of thinning Jonsson, 1974; Higg-
lund, 1981; Shafii et al., 1990). In modelling the
growth response to fertilization, research efforts so far
have mainly concentrated on developing stand-level
models for fertilized stands (Kukkola, Sarami-
ki, 1983; Ballard, 1984; Bailey et al., 1989).
Individual-tree models for predicting fertilizer response
were developed by Shafii et al. (1990) and Hy-
nynen (1993).

In the model of Hynynen (1993), tree growth is
assumed to be stratified into reference growth and
modifier function referring to the effects of fertiliza-
tion. Model for reference growth predicts the level of
tree growth if trees were not fertilized at all, including
the relevant factors affecting growth except fertiliza-
tion. The effect of fertilization is described by a growth
modifier function. It predicts the relative growth re-
sponse after fertilization. Response function predicts
the magnitude and the temporal distribution of growth
response. Duration and temporal distribution of the fer-
tilization effect are predicted using Weibull probability
density function. To include the magnitude of the re-
sponse, Weibull function is multiplied by an equation
referring to the effects of fertilizer dose, type of fertili-
zer and site quality. The possibility to predict the indi-
vidual-tree growth response to thinning in Scots pine
stands by using a similar model structure is currently
under research.

MODELLING DATA

What kind of data would be ideal for developing
models for forest management planning? First, the data
should be a representative sample of the forests in the
region to which models will be applied. Forest inven-
tory data fulfil this requirement. Second, modelling
data should include wide variation of silvicultural treat-
ments (spacing, thinning, fertilization, genetic im-
provement, etc.), like in many purpose-designed ex-
periments. Third, the data should include repeated
observations during the long-term time period, like in
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the oldest permanent experimental plots. Obviously,
there is no single database that would fulfil all the
requirements mentioned above. Thus, compromises
must be made in selecting the modelling data.

If both inventory data and purpose-designed experi-
mental data are available, both of them are needed in
model development. If we could assume that treatment
of our commercial forests will not change in the future,
it would be enough to use the data collected from com-
mercial forests that include all the treatments applied
in practical forestry. In this case, forest inventory data
would serve well growth and yield modellers. But
when the aim is to predict reliably the effects of ex-
treme silvicultural treatments as well, we can no more
rely on forest inventory data only, because the extreme
treatments usually do not exist in that data. Being so,
the only source of information are purpose-designed
permanent experiments for growth and yield research.

There are some well-known disadvantages of using
arranged experiments as modelling data(Hagglund,
1981). Permanent plots in the experimental stands are
subjectively chosen, and their silvicultural treatments
are on the higher level and better controlled than in
commercial forests on the average. Therefore, they cer-
tainly are not representative samples of commercial
forests. The growth models based on this kind of data
will very likely overpredict growth and yield when ap-
plied to commercial forests. But, by using designed
experiments, we are able to get valuable information
about the responses to various silvicultural treatments
in the environment where other disturbing variation is
being removed. Information from designed experi-
ments helps growth modellers to understand interaction
between the factors that affect tree and stand growth,
and how these relationships change due to silvicultural
treatment. Thus, data from designed experiments is
needed for developing the basic structure of the mo-
dels. After that, the final parameter estimates can be
obtained by either refitting the models to the data that
is more representative or by calibrating models using
representative data.

CONCLUSIONS

In this presentation, few of the relevant factors are
discussed that a growth modeller has to keep in mind
when developing models for forest management plan-
ning purposes. To elaborate growth and yield models
for growth simulation programs, includes the develop-
ment of a large number of models. In addition to
growth models, also models for regeneration and mor-
tality need to be developed. Further, models predicting
the development of tree crowns, as well as volume
equations and models to predict tree quality are needed.
Discussion of this presentation has concentrated on the
modelling of the development of even-aged and single
species stands. Modelling the development of mixed
stands and unevenaged stands brings about many other
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problems to be considered (Mielikdinen, 1994).
However, no matter what kind of models we are deve-
loping, most of the requirements and restrictions dis-
cussed above apply to all of them.

There is no single data base nor modelling approach
that can be optimal for all purposes (Burkhart,
1993). Finally, the needs of forest management plann-
ing and forest policy determine the requirements for
growth and yield models; their complexity and the de-
gree of sophistication. Developing empirical models
for forest management and forest policy is often quite
a straightforward type of work resulting in models with
relatively simple structure with only few driving vari-
ables. Yet, the model structure, even if it were simple,
should be well designed so that the resulting models
are capable to predict the most essential factors that
affect the development of stand dynamics. It is up to
professional skills of growth modellers how well these
demands are fulfilled in the form of reliable growth and
yield models.
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RUSTOVY MODEL VYCHOVAVANEHO STEJNOVEKEHO POROSTU

J. Hynynen
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V hospodéiskotpravnickém pldnovéani se pro prog-
n6zu vyvoje lesntho fondu pouZivaji ristové modely.
Informace o existujicim lesnim fondu ziskané pfi in-
ventarizaci lesi vytvdfeji zdklad budoucich prognéz.
Vstupni data rlstovych modeld museji byt shodnd
a kompatibilnf s ddaji dostupnymi pfi této inventariza-
ci lest. Pro rozhodovaci procesy v lesnické politice
jsou nutné dlouhodobé prognézy vyvoje lest. Struktura
modelu by méla spocivat na platné biologické a ekolo-
gické bdzi, takZe modely mohou vytvifet raciondlni
predikce ristu, i kdyZ se pouZiji mimo rdmec dat, z né-
hoZ byly sestaveny.

Zékladni soucdsti hospodatskodpravnického pldno-
véni je hodnocen{ alternativnich programi hospodare-
ni. Ristové modely by tedy mély spolehlivé pfedpovi-

dat vlivy riznych péstebnich opatfeni na vyvoj obhos-
podafovanych porostii. Popisuji se metody, jejichZ po-
moci lze pfedpovidat ristovou reakci na probirky
a hnojeni.

Pro sestaveni modelll jsou nutnd data ziskand pfi
inventarizaci lest i v i&elovych pokusech. Navrhované
pokusy poskytujf informace o vlivech riiznych pésteb-
nich opatfeni na rist a produkci, které jsou diileZité pro
vypracovini struktury modelu. Udaje o inventarizaci
poskytuji reprezentativni vzorek lesii a proto jsou pot-
febné pro dpravu koneénych modeli.

lesni hospodaiské planovanf; lesnicka politika; dlouho-
dobé lesni hospodéfstvi; péstovani lesd; probirky; hno-
jeni; Finsko
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MODELLING TREE-RING CLIMATIC RELATIONSHIPS
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Methodically, there are two approaches to simulate the
annual ring structure and process of stem radial growth
which also determine two different types of models - em-
piric and mechanistic. Empiric model is based on the cor-
relations of the parameters of radial growth with organ
characteristics (tree-ring width, cell number of tree-ring
in the radial line, wood density) and the environmental
characteristics (monthly climatic values) without any re-
quirement to understand the system response at its struc-
tural level. Empiric model is based on statistical
processing of the empirically determined relationships
between the time series of tree-ring parameters and mon-
thly climatic characteristics. Multiple linear regression
and the correlation which was successfully used for mo-
delling the relation of tree-ring parameters are used for
statistical processing. The presented empiric model is
a synthesis of the changes in the average growth potential
with age expressed by the age trend of the tree-ring
growth, and annual variations of the actual values round
this trend. The second type of model approach consists in
the understanding of the behaviour of the system from
the knowledge of the response at the level of structural
components. The model is described mathematically and
the expected causal relations come into the equations of
state depicting the system behaviour. The mechanistic
model employs daily values of the climatic data as limi-
ting and modelling factors influencing the radial growth
of tree species, and this type of model is tested by a com-
parison of the estimated values with the recorded ones.

radial growth; quantitative analysis of growth; empiric
model; mechanistic model; dendroecology

INTRODUCTION

The environmental factors which model to modify
the physiological and growth processes in trees are per-
manently deposited in structure of the biomass being
produced and, by the building of their growth rings,
trees literally monitor the environmental status
(Fritts, 1976; Schweingruber, 1983). Accord-
ingly, the structure of tree rings provides for detection
of captured climatic variations (Fritts, 1976; Hug-
hes et al.,, 1982; Brubaker, Cook, 1983;
Briffa etal., 1990), changes in ecological conditions
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within the forest stand (Fritts, Swetnam, 1989),
geomorphological changes in the environment includ-
ing earthquakes (Jacoby et al.,, 1988) and eruptive
activities (LaMarche, Hirschboeck, 1984;
Yamaguchi, 1986; Scuderi 1990), potential ef-
fect of increased CO, concentration in the atmosphere
(Kienast, Luxmoore, 1988) and a lot of other
effects causing annual and seasonal variations in the
parameters of growth. This variability in the structure
of tree rings that quantify the radial growth of stems
has been studied by experts in the fields of dendrochro-
nology, dendroclimatology and dendroecology for a
long time (Fritts, 1976; Schweingruber,
1983). The data thus obtained are analyzed using up-to-
-date statistical techniques (Cook, Kairiukstis,
1990) and utilized for reconstruction of the climate
in the last years (Fritts et al.,, 1990; Brubaker,
Cook, 1983; Graumlich, 1991), and for assess-
ment of the tree-ring structure response to fluctuations
in the climate (Fritts et al., 1991). .

SIMULATION OF THE GROWTH PARAMETERS

Anatomic parameters serve us as an aid for charac-
terizing in more detail the growth processes taking
place during the growing season and for denoting the
factors that are responsible for determining the rate of
growth in various parts of growing season (Vaga-
nov, 1990). The potential growth rate is limited by
environmental factors and at the time when any of them
becomes deficient the rate is reduced due to extension
of the cell division cycle. The result is decreased po-
tential total production of cells during the period ob-
served.

The current growth models at the level of tree and
stand, such as JABOWA (Botkin et al., 1972),
SPRUCE (Bossel, 1986), FICHTENWALD
(Lenz, Schall, 1989), TREEDYN (Bossel et
al., 1989), SPRUCOM (Krieger et al.,, 1990),
TREEGROW (Schifer etal., 1992) cannot simulate
factual growth of a tree — shape and structure — for the
reason that they do not start from growth and activity
of meristematic tissues and do not deal with the number
and structure of produced cells that represent the basic
element controlling the mechanical and conductive
function of tree stems.

LESNICTV{-FORESTRY, 4/, 1995 (4): 188-193



The models mentioned above do not allow to exploit
the plenty of data available on the environment status
and the physiological conditions of growth as con-
tained in the structure of produced wood (Fritts et
al., 1993). Most of the models operate with long time
intervals and generalize the algorithms based on cumu-
lative characteristics, such as the sums of temperature
and indices of drought. These long-term values are uti-
lised as the primary limiting factors of growth (Schi-
fer et al.,, 1992). However, the growth analyses have
furnished enough evidence many times that the growth
processes become affected by fluctuations in climatic
regimes in diurnal, maximum in month intervals
(Cook, Kairiukstis 1990). That is why appre-
ciable pains have recently been taken to develop such
models that are able to simulate the tree-ring structure
in relation to the limiting factors of environment —
PRECON (Fritts, 1990; Fritts et al., 1991, 1992)
and TRACH (Shashkin et al,, in print).

Methodically, it is possible to approach the simula-
tion of tree-ring structure and the process of radial
growth of stem from two aspects, these determining
also two different types of modelling — empiric and
mechanistic (Thornley, 1976). The former, empiric
model is based on correlation dependence of the radial
growth parameters at the organ level (tree-ring width,
wood density) and the characteristics of environment
(such as the climatic values per month) without the
necessity of understanding the system’s response at its
structural level. The latter, mechanistic model makes
use, as a basis, of our understanding the system’s be-
haviour as concluded from the knowledge of response
at the level of structural components. The model rela-
tionships are described mathematically and expected
causal dependence appears in the equations describing
behaviour of the system. This mechanistic model is
based on diurnal values of climatic data as the limiting
and modelling factors affecting the radial growth in
woody species. This type of model is tested using
a comparison of estimated values with values obtained
by measurement.

THE EMPIRIC MODEL

Empiric models use, as a basis, statistical assessments
of empirically concluded dependences between the time
series of tree-ring parameters and climatic characteristics
per month. A statistical assessment is essentially a multi-
ple linear regression and correlation which was utilised
successfully for the modelling of tree-ring parameters and
monthly climatic characteristics (average monthly
temperatures and sum of precipitation per month)
(Fritts, 1976; Fritts, Xiangding, 1986):

K

A
Vi= X5 kBetate (¢)]
k=0

A n . .
where: y; - stands for estimation of the tree-ring parameter value,
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x; — designates the statistical variable representing the cli-
matic characteristics per month in the year i,

By — stands for the coefficient of regression,

a - a constant,

€; — a residuum after estimation of the regression (Hug-
hes etal., 1982; Cook et al., 1987).

The multiple regression models enable to retest
a large amount of variables and then select among them
the ones that participate most distinctly in the variation
of values of the dependent variable. There are a few
preconditions, namely stationarity and homogeneity of
the time series, which are attained by removing the age
trend. The separation of long term trends in series of
annual tree-ring widths is a key issue. Growth trend is
generated by various causes which can be summarized
as follows (Cook, 1985):

R,=A,+C,+D,+E, (2

where: R, - the observed tree-ring width,
A, - represents the growth trend associated with increased
age,
C, - climatic signals,
D, — the tree disturbance signals (pollution or CO, effects),
E, - stands for random signal unique for each tree.

Accordingly, standardization is performed by means
of the growth functions determined for the typologi-
cally defined site conditions. Hugershoff's growth
function (Warren, 1980) corresponds to every vegeta-
tion zone and ecological series under similar silvicultural
treatment with constant coefficient that characterize the
age trend in given site conditions (Hordcdek, 1994):

Yp=a. e 3)

where: y, — the tree-ring width value at the age 1,
a, b, ¢ - coefficients of function describing trophic state
of the site and the ontogenetic drift,
t — denotes the age of tree.

Value of the annual radial growth represents both
qualitative and quantitative indication of the state of
development in the course of the growth period and
during this particular period is exposed to regulation by
the limiting environmental factors. Our aim is seen in
expression of the annual increment as a function of
physiological variables that quantify effects of growth
and development.

Of the functions applied to the growth analysis the
one described by Gompertz (Thornley, 1976) was
chosen as the most suitable for characterization of the
annual radial growth dynamics:

5.1

M
W=Wy.es 07 (@

where: W, ~ the initial value of growth at time ¢ = 0,
p - the average relative rate of growth (RGR),
S - the average rate of aging (senescence).

Behaviour of equation (4) then depends on the val-
ues of parameters L (RGR) and S (senescence). For the
growing season as a whole, at the termination of which
the state variable W — growth approximates its asymp-
tote W, the final value of growth is given in the equa-
tion:
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E
W,=W,.e5 (5)

where: W, — stands for the initial value of growth in time ¢ = 0,
I — stands for the average relative rate of growth,

S - the average rate of aging.

The average relative rate of growth and the average
rate of aging (senescence) are the only two variables
that have to be statistically estimated using the multiple
regression models for the purpose provided that the
initial value of growth in time ¢ = 0 is held for constant
equalling to one. The primary aim of estimates is seen
in the determination of decisive climatic factors that
influence the growth dynamics. The values of tree-ring
widths, the summarized radial growth in individual
years, are then given (1) by a ,fixed* course of the
growth potential corresponding to permanent potential
capacity of the ecotope as expressed by the age-trend
and (2) by oscillation of concrete annual values that
represents the annually changing environmental condi-
tions, those of climate above all, on the site.

Other parameters than the ones currently applied —
average relative growth rate (i) and average rate of
senescence (S) — were used in the empiric model sug-
gested here for characterisation of radial growth at the
organ level during the growing season. According to
this model approach the ratio of this physiological pa-
rameters, L and S, then describes average dynamics of
the growth process the consequence of which is the
resultant value of annual radial growth — the tree-ring
width. Influencing these descriptive characteristics of
radial growth by environmental factors corresponds
more to factual mechanism of the environmental effect
exerted on wood formation than is the case when only
a statistical assessment of resultant structure is invol-
ved.

This empirical model assumes independent influenc-
ing of 1 and S using climatic factors. RGR stands for
a function primarily of the temperatures at onset of the
growing season (April — May), summer temperatures
exert the modifying effect (July — August) of the year
immediately preceding. Senescence of the growth acts
against )L and in the course of time it gradually comes
into the fore. The effect of senescence is in direct pro-
portion to | and furthermore, it is exposed to the stress-
ing effects of environmental factors. The rate of sene-
scence is affected by summer precipitation. The
well-known finding follows from suggested dependen-
ce of either physiological parameter, i and S, on tem-
perature and precipitation: the variables that reveal
stressing action, i. e. the factors in minimum, are deci-
sive for the growth process.

Verification and application of the model built on
one study plot were performed on the other one. Simu-
lated were tree-ring widths from the sixties to eighties,
their behaviour with age did not permit any satisfactory
explanation by means of dendroclimatologic analysis.
Our interest centred about the question if the distinct
deviations in measured values of tree-ring widths in
those years can be attributed to behaviour of changed
climatic factors or to a synergic effect exerted by some
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1. Comparison of measured and estimated annual values of radial
growth in the Bfly KiiZ locality (Moravian-Silesian Beskids, Czech
Republic) over 1960-1988 (thin line — measured, thick line — calcu-
lated, dashed line with marks — residua)

other stressing factors of environment. A comparison
of the behaviour of measured and estimated tree-ring
width of Norway spruce on the study plot together with
illustration of residual deviations is presented in Fig. 1.

The behaviour of climatic variations offers explana-
tion for the variability of tree-ring widths with respect
to expected age trend at a level of 78%. Using the
model estimate for radial growth in the years of obser-
vation it is possible to confirm the assumption that
radial growth distinctly responds to climatic variations
and the sudden decrease in the values of tree-ring
widths which occurred in the seventies and eighties,
can be explained as due to the effects of climatic varia-
tions.

THE MECHANISTIC MODEL

When formulating the model action of the critical
factors of environment on radial growth as a basis we
use the model for the limiting action of factors. The
extensive literature given over to the effect of climate
exerted on cambial activity has failed furnishing invari-
able results. In general, the authors have arrived at the
agreement that in the case in which such complexity is
represented by the process of cambial activity, any en-
vironmental factors may become limiting. Under cer-
tain conditions it may be a shortage of water, while
under other conditions it may be a low temperature or
insufficient illumination (low intensity of light or short
photoperiod). Provided that none of these external fac-
tors has got the stressing character, cambial activity is
controlled by internal correlations and the trophic re-
gime of the source — sink type.

Of the potential ecological factors, the average diur-
nal temperature of air in the stand at a level of 2 m
above ground (7) and the supplies of soil water (mois-
ture) within the physiological soil layer of 0 to 40 cm
(W) were assessed. The photoperiodic length of the day
(L), the regime of illumination, means a constant of
information for us, which is an indispensable factor for
application of the effects of temperature and water sup-
plies. The effect of the environmental factors on the
structural changes in the tree rings was assessed in
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time, so it was possible to determine the potential delay
of the impact of these factors. The model of limiting
effect of factors has the following form (Fritts etal.,
1991; Hordcek, 1994):

G,=G,(Wymin{G,(T,_7,). G,(W,_z,)} ®
tel
where: G, - stands for the resultant impact on growth,

G(L) — stands for response to light,

G, (T, 7'.:) ~ stands for response to temperature with a time
delay,

G, (W,_-,-d) — the response to soil water supplies with a time
delay,

t — diurnal measurements from interval / repre-

senting the growth period.

The limiting effects of either low temperature or of

a shortage of soil water supplies, on assumption of suf-

ficiently long day, can be expressed using equation

with the binary coefficient a, the value of which equal-

“ling one or zero is determined by minimum value of

the growth response to one of the factors (Hordcek,
1994):

G=a.G,(T,_r)+(1-a).G,(W,_1) ™
G, & (L)212hrs

a=0&G,(T,_1)<G,W,_1)
a=1&G(T,_1)<GW,_r)

where: G, — stands for the resultant impact on growth,
G, (T, )~ stands for response to temperature with a time
constant delay,
G, (W,_ Tn) — the response to soil water supplies with a time
constant delay,

t — diurnal measurements,
T, — stands for time delay of growth response,
a — binary coefficient.

Concrete dependence of the growth rate on tempera-
ture and water supplies in soil is expressed, in model
form, by the equations that are based on assumed non-
-linear dependence of growth and the structural re-
sponse to selected factors of environment.

A comparison of calculated values for the rate of

radial growth of Norway spruce (according to equa-
tion 7) with the measuréd ones at study plot in one of
observed years is illustrated in Fig. 2. The model was
calibrated over several years and it renders quite ex-
actly the dynamics of radial growth in Norway spruce
in all of the years observed.

The placing of the onset of mitotic cambial activity
of spruce on the turn point of April — May is coherent
with the rise of average diurnal temperatures of air
above the critical value of 5 °C on the assumption of
sufficient soil water supplies (above the point of de-
creased availability). Gradual rising of temperature is
accompanied by gradually increasing the rate of radial
growth.

A decrease in the radial growth rate is caused by an
immediate response to reduction of the soil water sup-
plies at the physiological depth. Water deficit (stress
due to drought) assuming that duration of its effect
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2. Comparison of calculated values of radial growth rate of Norway
spruce as obtained via mechanistic model, with the values measured
in 1986 in the Réjec locality (area — model behaviour, line — meas-
ured behaviour)

does not last too long, leads to retardation of the rate
of radial growth to minimum level. Completion of the
soil water supplies may restore activity of the radial
growth and the original one-peak curve may alter to
a two-peak curve (false-ring). This case can be simu-
lated using a model, but in fact this type of radial
growth has not been observed in the locality relatively
well supplied with water.

Culmination of radial growth occurs at the time
when both chosen environmental factors reveal the
least stressing pressure. When the radial growth attains
its culmination it comes to the effects exerted by both
these factors and the prevailing effect is achieved by
the most stressing factor.

The model behaviour of the rate of radial growth can
furnish explanation for about 75% variability in mea-
sured values, which indicates satisfactory probability
and accuracy for simulation of the given phenomenon.

CONCLUSION

Empiric and mechanistic models represent the initial
effort to clarify the effects of the external environmen-
tal factors on the mechanism of wood production. The
models are a simplified approach in comparison with
much more complex and complicated models of all
growth processes at the level of the tree. In spite of this
fact we believe on the basis of the results from our
procedures that the presented models involve basic
processes influencing the tree-ring structure. The
model approach is derived from the present knowledge
of the mechanisms of the control of growth processes
by the environmental conditions and of the general pro-
cedures used in the growth analysis and dendrochrono-

logy.
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MODELOVANI VZTAHU MEZI LETOKRUHY A KLIMATEM

P. Horadek

Mendelova zemédélskd a lesnickd univerzita, Lesnickd a drevafskd fakulta, Lesnickd 37, 613 00 Brno

Z metodického hlediska je k simulovén{ struktury vuje syntézu zmén primé&rného ristového potencidlu
letokruhu a procesu radidlnfho riistu kmene pfistupovd- v zdvislosti na véku, ktery je vyjddfen jako vékovy
no ze dvou pfistupll, které uréuji i dva rozdilné typy trend ro&niho radidlniho riistu, a roéniho kolisani kon-
modell — empirického a mechanistického. krétnich hodnot kolem tohoto trendu.

Empiricky model je zaloZen na korela¢nich z4vis- Druhy typ modelového pfistupu je zaloZen na po-
lostech parametrii radidlniho ristu na orgdnové trovni  chopenf chovén{ systému na zdklad€ znalosti odezvy na
(3itka letokruhu, po&et bun&k letokruhu v radidlnf linii, drovni strukturdlnich komponent. Model je vyjddfen
hustota dieva) a charakteristik prostfedi (napf. mési¢- matematicky a pfedpoklddané kauzélni zdvislosti se
nich klimatickych hodnot) bez poZadavku na pochope-  objevuji ve stavovych rovnicich popisujicich chovani
nf odezvy systému na jeho strukturdlni drovni. Empi-  systému. Mechanisticky model vychézi z dennich hod-
ricky model vychdzi ze statistického hodnoceni not klimatickych dat jako limitujicich a modelujicich
empiricky odyozenych zdvislosti mezi Sasovymi fada-  faktord, které ovliviiuji radiélni rist dfevin. Tento typ
mi letokruhovych parametri a m&si¢nich klimatickych ~ modelu je testovdn srovndnim odhadnutych hodnot
charakteristik. Podstatou statistického hodnoceni je vi- s hodnotami méfenymi.
cendsobnd linedrni regrese a korelace, kterd byla
s dsp&chem pouZita pfi modelovéani vztahu letokruho-  radidlni rist; kvantitativni analyza ristu; empiricky
vych parametrl. Pfedklddany empiricky model pfedsta-  model; mechanisticky model; dendroekologie

Contact Address:

Ing. Petr Hor4&ek, Mendelova zemé&délské a lesnickd univerzita, Lesnick4 a dfevarsk4 fakulta, Lesnick4 37, 613 00
Brno, Cesk4 republika

Evans, S. P. — Del Re, A. A. M. — Trevisan, M. et al.: The effect of pesticides on forest species (f)éinek
pesticidii na lesni dieviny)
Agrochimica, Pisa, 38, 1994, &. 1/2, s. 58-72 — 4 obr., 6 tab., lit. 38

Cilem price bylo osvétlit moZné spojeni mezi Ginky a o3etfenimi pesticidy. Jsou uvedeny vysledky pokusu, ktery je provddén jako
soucést dlouhodobého programu hodnoticiho hypotézu, Ze pesticidy mohou pfisp&t ke zmé&ndm obrazu ristu lesnich dfevin, necflovych
organismil ofetfeni pesticidy. Pesticidy byly aplikovédny postfikem. OSetfovaly se sazenice pétiletého buku a tifletého habru. OSetfeni se
realizovalo dvakrdt mésicné. Vysledky se tykaji transpirace, fotosyntézy, stomatélni vodivosti, hladiny chlorofylii. V pokusu se habr i buk
p&stoval ve studeném tunelu. Sazenice byly oSetfovédny po cely riistovy cyklus smé&sf herbicidil a insekticidd. Aktivnf sloZky ve smési byly
z herbicidd Alachlor, Atrazin, Dichlobenil, 2,4 D, MCPA a Trifluralin. PouZité insekticidy: Carbaryl, Diazinon, Parathion a Phorate. NejniZ§{
ddvka se rovnala primé&mym koncentracim zaznamenanym po kaZdém de3ti ve dvou italskych lesich. Fyziologické parametry zaznamenaly
zvy3eni hodnot transpirace a stomatdlni vodivosti u habru se stoupajicimi ddvkami pesticidu. Hladiny chlorofylu u buku byly vyznamn&
rozdilné od kontroly. - M. Paga ¢

Hjelmroos, M. — Franzén, L. G.: Implications of recent long-distance pollen transport events for the
interpretation of fossil pollen records in Fennoscandia (Disledky neddvnych pripadi dopravy pylu na velké
vzdalenosti pro vyklad zaznamenani fosilniho pylu ve Fennoskandii)

Review of Paleobotany and Palynology, 1994, s. 175-189 — 14 obr., 2 tab., lit. 26

Palynologicky vyzkum v minulosti ¢asto pomijel skutenost, Ze se pyl v uritych klimatickych podminkdch pfepravuje i na velké
vzddlenosti. Zde se uvadi n&kolik neddvno ové&fengch pifkladi: jde jmenovit¥ o hn&dy snih z ledna 1987, o &erveny dé¥t z ffjna 1987, o
pfepravu pylovych zrn bfizy v r. 1989, o Zluty snih v bfeznu 1991 a o Cerveny snih z dubna 1992. Jak vyzkum ve Skandindvii ukazuje,
uklddé se znaéné mnoZstvi pylu daleko od mista svého piivodu. MnoZstvi exotického pylu je ve vzorcich sn&hu vysoké, obvykle v rozsahu
500 az 2 000 pylovych zrn na cm?. Je vyslovena hypotéza, Ze uklddini exotickych pylil bylo b&Zné po celou dobu holocénu. To vedlo
k mylnym interpretacim pylovych diagramii z této doby. V popsangch fenoménech byl polet africkych/stfedozemnich pylovych zm ve
Skandindvii vy33f neZ pylovych zrn severskych/stfedoevropskych. Prach a vétSina pylovych zrn se miZe za ur&itych okolnosti dopravovat
na vzdélenost 7 000 km. - M. Paga ¢
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MODELS OF VOLUME, QUALITY AND VALUE
PRODUCTION OF TREE SPECIES IN THE SLOVAK

REPUBLIC

R. Petras, J. Mecko

Forest Research Institute, T. G. Masaryka 22, 960 92 Zvolen

In this structure the given models represent the system of
original production models for the main species in Slova-
kia. They represent ,,continuous mathematical models* of
domestic growth tables for 13 commercially important
species.

growth table; growth model; production; forest manage-
ment; Slovakia

INTRODUCTION

The growth and production models are the most im-
portant foundation in forestry for finding and assess-
ment of forest stand production. The models usually
give forest state on the basis of stand quality and age,
but they give especially the development of basic pro-
duction variables. The production variables can be ex-
pressed by quantitative, qualitative as well as by mone-
tary units. Based on that expression the following
models can be created. They are as follows:

— of volume,
- quality,
— value production.

In this structure the given models represent the sys-
tem of original production models for the main tree
species in Slovakia.

CHARACTERIZATION OF THE SYSTEM
OF PRODUCTION MODELS OF TREE SPECIES

MODELS OF VOLUME PRODUCTION

They represent continuous mathematical models of
domestic growth tables for 13 commercially important
tree species. The mathematical models of growth tables
were first constructed for five principal tree species,
namely spruce, fir, pine, oak and beech from the em-
piric material according to Halaj et al. (1987). Not
only data on the development of mean and hectare vari-
ables for coppice with standards, main and secondary
stands but also data on total production and its incre-
ments can be found out from these models. The grow-
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ing stock and total production of stands are given here
even in five volume units. The basic model relation of
variables in stand can be expressed in the following
form:

My =f1, q, zid) (N

where: Mv - model variable,
t, ¢ - stand age, absolute height stand quality,
zii - growing stock level which is the rate of specific gra-
vity and production capacity of full stocking.

The growth tables can be used as the general ones
with the avetage growing stock level for the whole
Slovakia or as the local or site ones according to the
growing stock of a concrete region, locality and site.

Production models for other tree species such as
Douglas fir, hornbeam, alder, coppice oak, poplar, lo-
cust and birch were calculated from the original growth
tables compiled by various authors, also by foreign
ones. For Douglas fir, the growth tables according to
Bergel (1969)and Schober (1975) were used, for
hornbeam, alder, coppice oak and poplar according to
Korsufi (1966, 1956, 1969 and 1967). For locust the
Hungarian growth tables according to Fekete (1960)
were taken over and for birch the Russian ones accord-
ing to Tjurin (1931) were adopted. Especially the
data for coppice with standards as well as for the sys-
tem of absolute height stand quality were derived from
the original data at their adjustment. All the other values
were preserved in an original state. The aim of their
adjustment consisted only in smoothing the table data
by suitable mathematical functions and in the subse-
quent insertion into a continuous mathematical model
in a logical way according to the following form:

Mv=A/{1, q) )

where: Mv - model variable,
t, ¢ - stand age, absolute height stand quality.

Similarly, according to form (2) Petrds, Halaj
(1993) calculated the production models for European
larch. A combined method was used when the mean
variables were taken over from Schober (1975) and
the hectare variables which express stand density were
derived from the empiric material of research plots in
the territory of Slovakia.
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MODELS OF QUALITY PRODUCTION

They are modification and extension of the models
of volume production and similarly like them they ex-
press the development of production quality. Namely it
is the question of the volume of raw timber assortments
in dependence on stand quality and stand age according
to the relation:

Vs=/1, q) 3)

— volume of assortments in m®

ing stock,
t, ¢ — stand age and quality.

where: Vs or in per cent of grow-

The models according to relation (3) are also known
under the name ,,assortment growth tables* and they
were elaborated by Petrdas, Halaj (1990) and
Petrds etal. (1992) for eight commercially important
forest trees, namely spruce, fir, pine, larch, oak, beech,
hornbeam and birch. These models were constructed
from the mathematical models of volume production,
the models of stand assortment tables (Petrdas, No-
ciar, 1991) as well as from the models of the deve-
lopment of stems quality and damage in stands.

The models of quality production of stands give the
percentile quotients of basic quality and diameter
classes of logs (assortments) in dependence on stand
age and quality. The quotients of these assortments are
derived for main and secondary stands and total pro-
duction as well. The analysis of these quotients results
in the finding that the combination of three factors,
namely tree species, stand quality and stand age, has
a decisive importance for assortments, commercially
the most important and best quality. Their influence is
transferred through the diameter structure of trees in
stands, their quality and stem damage.

MODELS OF VALUE PRODUCTION

In case that the models of quality production of tree
species show the development of quality of stand tim-
ber production in the quotient of basic assortments,
then the models of value production give not only the
development of gross and net financial returns as well
as the costs of logging operations in main and secon-
dary stands but also the development of total produc-
tion. These models are also known under the name
»value growth tables* and their basic model relations
can be expressed in the form:

V=1t g, z1t) )

where: V, — value of production in monetary units,
t, g, zii — stand age, stand quality and level of growing
stock.

Similarly like the models of quality production, the
models of value production were also elaborated by
Petrda§, Halaj (1990) and Petr4s et al. (1992)
for the following tree species: spruce, fir, pine, larch,
oak, beech, hornbeam and birch. The models of volume
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and quality production according to relations (1) to (3),
actual prices of raw timber and the costs of all the
logging operations inclusive of tree harvesting up to
timber hauling to the consumers represent the basic
data for their construction.

Based on the description of constructional data it is
evident that gross and net value returns from wood
production will be not only the result of natural, i. e.
of volume and quality tree species production but also
to a large extent the result of raw timber prices, it
means its price relations and prime costs of all the
logging operations. The stability and validity of derived
results are also important at assessment of value pro-
duction. Considering that the prices of raw timber and
prime costs of logging operations are liable to certain
changes in market economy, it is therefore necessary to
update the values of net returns all the time. The mod-
els of value production of tree species represent, ac-
cording to form (4), a purposeful insertion of partial
mathematical model functions into a continuous global
model and for that reason the updating of value pro-
duction to the changed wood prices and the costs of
logging operations is very simple.

Conclusions can be drawn on the basis of the analy-
sis of calculated results that net returns according to the
models of value production depend especially on tree
species, stand age and quality. In the matter of tree
species, spruce, fir and larch reach the highest financial
returns. They are overtaken only by oak approximately
at the age over 100 years. Pine with beech reach ap-
proximately half returns and birch and especially horn-
beam reach the lowest net returns, often negative.

SUMMARY

The paper informs on the system of production mod-

els of tree species in Slovakia. It is formed by:

— models of volume production for 13,

— models of quality production for 8,

- models of value production for 8 principal, commer-
cially, important tree species.

All three types of models are based on the basic
input variables which are as follows: absolute height
yield class, age and growing stock level of particular
tree species. The models of volume production were
constructed for five principal tree species from the do-
mestic empiric material and for the other tree species
they were adapted and adjusted to the same form ac-
cording to growth tables compiled by various authors.
The models of quality and value production were con-
structed from the models of volume production and the
models of domestic stand assortment tables, wood
prices as well as from prime costs of logging opera-
tions. The construction of production models and their
introduction into forestry practice have concluded to
a considerable extent 25 years lasting research pro-
gramme aimed at growth and production of the princi-
pal tree species in the Slovak Republic.
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MODELY OBJEMOVEJ, KVALITOVEJ A HODNOTOVEJ PRODUKCIE DREVIN

V SLOVENSKE] REPUBLIKE

R. Petras, J. Mecko

Lesnicky vyskumny ustav, T. G. Masaryka 22, 960 92 Zvolen

Prica informuje o sdstave produkénych modelov

drevin v Slovenskej republike, ktori tvoria:

— modely objemovej produkcie pre 13,

— modely kvalitovej produkcie pre osem,

— modely hodnotovej produkcie pre osem hlavnych
hospodérsky vyznamnych drevin.

V3etky tri druhy modelov st zaloZené na zdkladnych
vstupnych veli¢indch akymi je absolitna vySkové bo-
nita, vek a pripadne i zdsobova troveri dreviny. Mode-
ly objemovej produkcie boli skon§truované pre pat
hlavnych drevin z domiceho empirického materidlu
a pre ostatné dreviny sa prisposobili a upravili na rov-

naky tvar podfa rastovych tabuliek réznych autorov.
Modely kvalitovej a hodnotovej produkcie sa skonstru-
ovali z modelov objemovej produkcie a modelov do-
macich porastovych sortimentaénych tabuliek, cien
dreva a vlastnych ndkladov fazbovej ¢innosti. Kon-
Strukciou tychto produkénych modelov a ich zavede-
nim do lesnickej praxe sa v podstatnej ¢asti ukondil
rozsiahly 25-roény vyskumny program o raste a pro-
dukcii hlavnych drevin v Slovenskej republike.

rastové tabulky; rastovy model; produkcia; lesné hos-
podarstvo; Slovensko
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Doc. Ing. Rudolf Petr4¥, CSc., Lesnicky vyskumny istav, T. G. Masaryka 22, 960 92 Zvolen, Slovenskd republika
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A GLOBAL GROWTH MODEL FOR EUCALYPT

PLANTATIONS IN PORTUGAL
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Codex

2 Portucel Florestal SA, Av. Jodo Criséstomo 52, 1000 Lisboa
3 Instituto Superior Técnico, Av. Rovisco Pais, 1200 Lisboa

Eucalyptus spp, originally from Australia, was introduced
in Portugal for ornamental purposes 150 years ago. Its
economic potential was soon recognized and eucalypt
plantations cover nowadays ca. 500,000 ha (17% of the
total forested area). A decision support system concerning
most of the decisions involved in eucalypt plantation ma-
nagement is being developed through a cooperative rese-
arch project between universities and industry. One of
the main components of such a system is a growth model
that: 1. is applicable to the whole country, but giving
locally adapted predictions; 2. is able to predict responses
to improved silvicultural practices; 3. is able to predict
responses to non-controllable variables, namely soil and
climatic variables. The results of the efforts made to achi-
eve the first objective of such a global model are descri-
bed in the paper. Some information is also given from the
ongoing research into increasing the model capacities to
predict responses to environment and silvicultural tech-
niques. Data from first rotation permanent plots estab-
lished in the central coastal region, characterized by high
productivities and low mortality were the basis for a who-
le stand model, the GLOBUS model, which was later re-
parametrised for the central interior. Another model, the
EUSOP model, including a mortality component, financi-
al analysis and applicable also to the second rotation was
independently developed with continuous forest inventory
data from the south and central interior of Portugal. The
GLOBAL (growth model for Eucalyptus GLOBulus in
PortugAL) model we are looking for must systematize all
the information available.

Eucalyptus sp.; growth model; global model; silviculture;
soil and climatic variables; Portugal

INTRODUCTION

Eucalyptus globulus is a fast growing species that
grows exceptionally well in Mediterranean countries.
In central Portugal production at 10 years of age ranges
from more than 30 m:‘.hal"].ycar_l near the coast to less
than 2 m3.ha_l.year’l on the worst sites in the interior
and it can be as high as 43 m3.ha’l.year'l at 5 years of

LESNICTV{-FORESTRY, 41, 1995 (4): 197-205

age under optimal conditions of irrigation and fertiliza-
tion (Tomé, 1994); the dominant height can increase
up to 4 meters in one year. It is used mainly by the pulp
industry, being managed in a single stem rotation fol-
lowed by 2 or 3 coppice stands, with average rotation
cycles of 10 years. Although the species has been used
in Portugal in managed stands for more than 40 years,
the efforts to make a reliable growth model began only
very recently. The need for such a model emerged as
the great expansion of the pulp industry in the last few
years made the availability of eucalypt wood for indus-
try increasingly crucial. Some individual modelling ef-
forts were made generating predictions of future wood
availability that are not always compatible with one
another, which is by no means convenient. This pro-
blem gave impetus to an ongoing cooperative research
project between universities and industry focused on
developing a global model that systematizes all the in-
formation available. The final objective of the project
is to use this global model in a decision support system
covering most of the decisions involved in eucalypt
plantation management. In order to fulfil the needs of
a useful decision support system the growth model
must: 1. be applicable to the whole country, but giving
locally adapted predictions; 2. be able to predict re-
sponses to improved silvicultural practices; 3. be able
to predict responses to non-controllable variables, na-
mely soil and climatic variables. This paper describes
the first results of the above mentioned project, begin-
ning with the description of the two most representative
growth models available, the GLOBUS and EUSOP
models, followed by the methodology that is being
used to build the GLOBAL model. One of the main
problems when trying to model eucalypt growth is
a consequence of its very high growth rates that are
heavily weather dependent. For instance, a dry year can
cause a decrease in growth that no existing model can
predict; if the weather runs favorably during one year,
alternating dry and hot periods with wet and rainy pe-
riods, the growth will be exceptionally high and the
mortality very low, in a way almost unpredictable
without taking into account these weather factors. Eu-
calypt is also very sensitive to soil characteristics, na-
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mely to microenvironmental variation as can be seen
for instance in the productivities of four contiguous
plots of 1,000 m? each on a gentle slope near Obidos,
Portugal: at -16 years of age the estimated volume
ranged between 123 m? on the slope and 527 m° in the
valley (unpublished data). This is the reason for the
need to add the influence of non-controllable variables,
namely weather and soil factors, to the GLOBAL
model. Of course the simulation of the response to
silvicultural practices will be essential for a decision
support system.

PREVIOUS GROWTH MODEL EFFORTS

A survey of all whole stand growth models available
for eucalypt plantations in Portugal was considered the
starting point. Although some whole stand models of the
yield table type could be found (Tomé, 1983), the

. Structure of the GLOBUS and EUSOP models

Submodel Parameters
GLOBUS model
Dominant height growth:
4 A = 140.38822
Hdomy = A (@]4 n =0.3469 Bz = 1)
=0.2545 (EZ = 2)
Stand basal area growth:
5 "T A0 = 43.5499
Bhay=(Ay+ A, Hdom))! '[;]. lf"la.[‘2 ) Al =1.35663
n = 0.6490
Stand volume prediction
B0 =0.3636
Vha= B, Bhd Hdonf: Bl =09171
B2 =1.1025
EUSOP model
Dominant height growth:
A A, =36.9292
Hdamz=A(M]6 ’ n,  =06210
A A, =67.7900
n, =0.2201
Stand basal area:
M, =42.8372
Bhay = ——H—— a =10922
1- [1 —LJ['—'] M, = 33.6088
Bhay || t, 2 '
a, =10284
Stand volume prediction
B0, = 0.7331
B1, = 1.0263
Vha= B, Bhd HdonP: B2, = 0.7682
B0, = 0.8053
B1, = 1.0294
B2, = 0.7324

where: Ez — the ecological zone (1 — central coastal; 2 — central
inland), ¢ - age, Hdom - dominat height, Bha — stand basal area per
hectare, Vha — volume per hectare
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GLOBUS and EUSOP models were the two most recent
modelling efforts, based on up-to-date methodology, and an
analysis of their structure and of the methodologies used
was thought to be important for the definition of the meth-
odologies to be used in the future model. g

THE GLOBUS MODEL
Data used

Data used to build the model came from CELBI’s
pulpwood enterprise permanent plots established since
1970 in 1st rotation eucalypt plantations and mainly
located in the central coastal region of Portugal
(Fig. 1A). These plots have been annually remeasured
several times, with some exceptions of longer periods.
On each permanent plot diameter at breast height (dbh)
has been measured for all trees, and the heights in sam-
ple trees. Heights have also been measured for domi-
nant height determination in the largest dbh trees, at the
ratio of one per 100 m?, Data available for the study
included 77 permanent plots and 37 plots from two
spacing experiments, generating 748 growth periods.
An independent data set, gathered by ACEL (an asso-
ciation of Portuguese pulp companies), was used for
model validation. The 126 plots of the validation data
set began to be established in 1989 with the objective
of complementing the data already available in order to
cover different ecological zones (Fig. 1B), different site
preparation methods, different rotations and a signifi-
cant sampling of young ages (not always present in the
existing data). The plots had been measured two or, in
some cases, three times generating 157 growth periods.

Model structure

GLOBUS (growth model for Eucalyptus GLOBUIuS)
is a stand level growth model that brings together several
previously published submodels (Tab. I). It has been
available since 1992 but no manual or other publication
describes its structure, which is summarized in Tab. L. As
can be seen it is quite a simple model but, as shown by
the results of validation with an independent data set, it
gives reasonably good predictions. Its main drawback is
the assumption that there is no mortality, which is true for
most of the sites in central Portugal close to the coast
(except for the occurrence of some natural disasters) but
that can not be observed inland or on the poorer sites. The
simulation of yields for different initial spacings is also
poor as it is based only on the information from two
spacing experiments near the coast.

Submodels selection and fitting

The growth functions used as submodels were se-
lected from a broad range of candidate functions using
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1. Location of the permanent plots used to fit (A) and to validate (B) the GLOBUS model

a multicriteria decision-making approach (Carvalho,
Tomé, in preparation). Both empirical growth func-
tions and the so-called biologically based growth func-
tions, such as the Freese, Hossfeld, Korsufi, Lundqvist-
Korf, Richards and Chanter functions (described, for
instance in Tomé, 1988; Carvalho, 1992), were
tested. The method is based on the fitting of several
candidate growth models to each one of the growth
series (plots) available with the simultaneous computa-
tion of several measures not only of fit but also of
prediction ability and of their performance from a bio-

II. GLOBUS model: characterization of the model error

Dominant Stand basal Stand
height area volume
(m) (m?.ha'!) (m?.hal)
Minimum 33 0.23 0.3
Mean 13.75 11.2 70.64
Maximum 28.2 28.03 257.21
whole validation data set
Mrp 0.22 0.03 -0.92
Marp 1.17 1.02 9.27
excluding stands younger than 2 years
Mrp 0.46 0.16 0.25
Marp 1.02 0.96 9.8

where: Mrp - the mean of the prediction residuals. The maximum,
mean, and minimum refer to the end of the growth period
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logical standpoint. Non-linear regression techniques were
used to fit the candidate functions during the selection
procedure. The two best ranked growth functions were
then fitted to a subset of the whole data set as difference
equations; several formulations were tested for each
growth function. Selection of the final model was made
on the basis of the criteria already mentioned for the
growth functions selection and also of the results of vali-
dation done with the subset not used in the fitting proce-
dure. The parameters presented in Tab. I were estimated
with the whole data set. The allometric function to predict
total stand volume was selected using a simplification of
the methodology described above.

Model validation

The version in use of the GLOBUS model was
validated according to the principals described in
Soares, Tomé (1993) or Soares et al. (ac-
cepted for publication). The adequate biological be-
havior of the model was tested simultaneously by the
model building through successive simulations using
different values for the input variables. The adequate
biological behavior of the model can be seen in Fig.
2. Some statistics useful in characterizing the model
error are shown in Tab. II. More detailed results of
the validation of the model can be obtained from the
authors.
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Age S
v v 1§81

1 0.6 1.2 1.8
4 5.0 7.4 9.6
7 8.9 12.5 15.4
10 12.3 16.5 19.9
13 15.2 19.9 23.6
16 17.8 22.8 26.7
19 20.0 25.3 29.4
22 - 22.0 27.6 31.8
25 23.9 29.6 33.9
30 26.6 32.5 37.0
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®
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Age B/ha
0.604
6.023

11.712
16.649

26.919

24.580

27.844

30,791

33.478

35.949

38.237

40.367

42.360

44.234

46.002

.604
971
757
.376
.061
775
.58ee
.438
.314
.211
.123
.047
.981
.923
.872
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m.i.

.604
.008
.342
.378
.324
.235
.142
.053
.969
.892
.821
. 755
.694
.638
.586

Pt h et b e b 2 NNNNNNN O

Age

1 0.634
3 21.284
5 64.048
7 116.934
9 174.064
232.317
296.303
347.664
464 .027
459.200
513.088
565.660
616.918
666 .883
715.592

Uzha

c.d.

0.634
14.062
23.221
27.236
28.877
29.629
28.948
28.573
28.042
27.430
26.781
26.121
25.465
24.823
24.200

m.i.

0.634

7.095
12.8190
16.705
19.340
21.12¢
22.331
23.178
23.766
24.168
24.433
24.594
24.677
24.699
24.676
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2. Some sample outputs of
the GLOBUS model
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Software available

The GLOBUS model can be used as an interactive
PC version, running under DOS, or implemented as
a FORTRAN77 subroutine in a computer program to
make forecasts based on forest inventory data. The PC
version works through successive menus and produces
graphical outputs for each stand variable (dominant
height, basal area or total volumes). It also produces
yield tables and allows for the comparison of growth
in different ecological zones. Some examples of these
outputs can be seen in Fig. 2.

THE EUSOP MODEL
Data used

PORTUCEL is the major pulp company in Portugal,
and the lands that are directly managed by the company
are spread throughout the whole country focusing
7 major zones, as shown in Fig. 3. The company began
developing a growth model in 1993 when there was
enough data collected from the company’s continuous
forest inventory. The inventory has been conducted
since 1989 with the same methodology. Plots are ran-
domly selected in aerial photographs, and then installed
in the field. The samp]in% intensity is about 1 plot per
15 ha. Plot area is 400 m“. The dbh is measured on all
the trees inside the plot. Height is measured for every
fifth tree in each diameter class and also for the 4 largest
trees in the plot for dominant height estimation. Only
stands more than 4 years old are subject to inventory.

6. Ponte de Lima
7. Valongo

4. Odemira
5. Alcacer do Sal

The model was developed using only data from the
southern and central interior regions of Portugal (re-
gions of Odemira, Alcdcer do Sal, Fundao, Castelo
Branco and Estremoz) as forest inventory in the North
had been running for only two years (since 1991). For
all the regions 981 and 1 438 growth periods were
available for the 1st and the 2nd rotations, respectively.
Data was first sorted by rotation and then by each of
5 regions and stored in magnetic support accordingly.
Data from each region was further split for cross vali-
dation purposes (one third of the data for validation).
As there is no other data collected in most of the re-
gions covered by Portucel data this was the only way
to do the validation.

Model structure

EUSOP is also a stand level model that was recently
developed by Portucel. As in GLOBUS, basal area and
dominant height submodels are the main components
of the model, parametrised both for the 1st and the 2nd
rotations, the volume being predicted through an al-
lometric model (Tab. I). Mortality is simulated by
a constant mortality rate set by the user or equal to 2%
by default.

Submodels selection and fitting
Some preliminary tests were made before the model

was developed, trying to understand the fitting ability
of several equations in relation to the inventory data

1. Castelo-Branco
2. Fundao

‘3. Estremoz

3. Location of the stands where continuous forest inventory data were taken
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and, most important of all, to. get some sensibility to
the modelling of the second rotation data that had never
been modelled. A set of candidate functions was se-
lected from this preliminary study including the func-
tions already used with success during the development
of GLOBUS, all of them biologically based growth
functions, and also the McDill, Amateis (1992)
model. The selected candidate functions were then
tested to model both basal area and dominant height
growth using a similar procedure for the Ist and the
2nd rotations. In a first step, the functions were fitted
individually to each of the regions and the model that
exhibited the best overall fit was selected. The ranking
of the models was based on several criteria: 1. conver-
gence in all cases: a good model must converge when
individually fitted to each zone, a property that was
very difficult to obtain for most of the models used;
2. adequacy of the parameter estimates: a model was
discarded if the estimate obtained for one of the pa-
rameters was illogical from a biological standpoint;
3. good statistical properties such as a good R” and
fairly low MSE and PRESS residuals; 4. results of the
cross validation. Some problems related to the model-
ling of the 2nd rotation stands are discussed later on
when discussing the model validation. The best model
was then fitted to the whole data set and no statistical
advantage was found in fitting separate models to each
region, so a common model applicable to the 5 regions
present in the data set was chosen.

Several functions were tested for stand volume pre-
diction and to maintain the model as compatible as
possible with GLOBUS, and also because the diffe-
rences both in fitting and prediction ability between the
models tested were very small, the allometric model
was chosen.

The simulation of mortality that has some expres-
sion in the regions involved turned out to be a problem.
Prediction of the number of trees per ha, mortality and
mortality rate as a function of a certain combination of
stand characteristics such as number of trees per ha,
dominant height, site index, stand basal area and stand
age is very poor and other usual techniques to predict
mortality were also useless in that case. However it was
found that, as a general rule, mortality average was
about 2%, for any of the rotations, regions and stand
age. It is important to stress that this rate applies only
to ages older than 5 years (after planting or clear-cut)
as a consequence of the characteristics of the data
available.

Model validation

Although the cross validation has been one of the
criteria used during submodel selection, no formal
characterization of the model error nor statistical tests
with an independent data set are available at the mo-
ment. However the verification of the biological cha-
racteristics of the model was as complete as possible.
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No problems were found for the model developed for
the 1st rotation. However it was impossible to obtain
biologically adequate estimates for the parameters in
the dominant height submodel selected for the 2nd ro-
tation stands. For instance, the values obtained for the
parameters are not logical, namely the asymptotes seem
too low and are attained at a very old age. The behavior
of this model for the first ages (from 1 to 4 years) is
also highly improbable, predicting in some cases 12 m
of growth for the first year after the cut. It is a severe
handicap for the model, but as there are no studies
concerning the behavior or modelling of the 2nd rota-
tion eucalypt stands and the results of the cross valida-
tion were very reasonable, we had no better choice,
although it is important to be aware of the limitations
of the model.

Software available

To make the model useful for practical purposes an
interactive computer program was written. The pro-
gram was written in Visual Basic 3.0 for Windows,
taking advantage of its intuitive controls and easy pro-
gramming. The program is very easy to use even for
a person with very little experience in computers. To
respond to the real needs of the company a financial
analysis, taking into account conservation costs, timber
price and interest rate, has also been added to the pro-
gram. For management purposes the program is being
used to determine the optimal cutting age according to
the maximization of the net present value. Fig. 4 shows
some sample outputs taken from the program.

THE GLOBAL MODEL

As previously mentioned the GLOBAL (growth mo-
del for Eucalyptus GLOBulus in PortugAL) model will
be a model that systematizes all the information avail-
able, both data and growth modelling efforts, in
a model applicable to the whole country and that simu-
lates the response of eucalypt growth to different an-
nual weather conditions as well as to different silvicul-
tural practices. Several steps that are being taken into
account to obtain the GLOBAL model are described in
the next paragraphs.

Definition of spatial modelling units

One of the objectives of the GLOBAL growth model
is to give locally adapted predictions. The relationship
between productivity profiles (characterized both by
the shape of the growth curves and the productivity
range) and environmental factors has been studied in
some previous research. Tomé (in publication) ana-
lyzed the data set used to develop GLOBUS and found
evidence of the influence of climatic variables on eu-
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4. Some sample outputs of the EUSOP model

calypt plantations productivity indicating that, among
the climatic variables used, the number of days with
rain and the number of days with frost are the most
important for determining productivity level and that
there is no clear association between the environmental
variables tested and the shape of the growth curves. In
that case it is important to classify the area of eucalypt
expansion in Portugal as a set of homogeneous regions
according to the environmental factors controlling eu-
calypt plantation productivity, namely climatic and soil
factors. The basis for this classification will be the Por-
tuguese thematic mapping (CNA, 1971, 1974, 1979,
1982, 1984, 1987 and Daveau, 1985). One of the
methodologies that will be used has already been tested
by Amaro etal. (in preparation) to classify the plan-
tations owned by SOPORCEL, one of the Portuguese
pulp and paper companies. In this study two adminis-
trative units (,,concelho” and ,freguesia®) were tested
as the scale unit for data acquisition and only the ad-
ministrative divisions with SOPORCEL plantations
were classified. Principal component and cluster analy-
ses were used in a broad set of climatic and soil factors
in order to find out which of these potential productiv-
ity inductive variables are responsible, and to what ex-
tent, for the different productivity profiles. The results
of the principal component analysis show the 1st PC
related to water and sun availability and the 2nd PC
related to frost occurrence. The results of the cluster
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analysis were discussed in an expert panel meeting with
the objective of selecting the best basic framework,
leading to a consistent mapping with a minimum set of
units misclassified in respect to eucalypt productivity
and the reclassification of the 14% misclassified admi-
nistrative units was made. In the ongoing project the
objective is the classification of all the Portuguese ter-
ritory leading, if possible, to the definition and mapp-
ing of a set of regions with a similar productivity pro-
file and that can be characterized by indicators of
climatic and soil factors.

Systematization of the data: the GFD database

The second step is to look for and systematize all
data available on eucalypt growth, not only from per-
manent plots and experiments but also from continuous
forest inventory. At the moment a survey as complete
as possible has just finished and data is being organized
on magnetic support in a common structure, the GFD
(Global Forest Database). This database includes a set
of interrelated files that can be created and updated by
a set of computer programs that: 1. perform the valida-
tion of new measurement data sets (that can be created
by editing or through another interactive computer pro-
gram); 2. proceed to the updating of the database;
3. produce several outputs (complete or thematic);
4. prepare working files for model building. The pro-
grams are written in Visual Basic 3.0 for Windows.

Model building

The GLOBAL model that is the basis of the ongoing
project will be built using all data available and taking
advantage of the knowledge obtained with the previous
modelling efforts already described. The first analysis
of the data base must be made in order to find an
adequate subset for validation purposes. Data in the
remaining subset will be split according to the rotation
and to the spatial modelling units defined as described.
Individual models, by rotation, will be fitted for each
unit using a methodology similar to that used to de-
velop the GLOBUS and EUSOP models. Appropriate
statistical analysis will be used to find out if there is
any advantage of keeping so many separate models; the
growth functions will then be refitted to the appropriate
combined data set. At the final stage of model building
a simultaneous fitting of all the growth functions in-
volved in each individual model will be made in order
to improve the properties of the parameter estimates.
A validation as complete as possible will then be un-
dertaken using the methodologies described in
Soares, Tomé (1993) and Soares et al. (ac-
cepted for publication). Finally the set of models ob-
tained will be used to obtain both interactive and batch
computer programs for practical purposes.
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Simulation of non-controllable variables

As mentioned before the weather is one of the most
important factors controlling annual variation in euca-
lypt growth and it must be taken into account in the
GLOBAL model. In order to model eucalypt growth
response to annual weather variations two different ap-
proaches are being used. The first is based on the gath-
ering (when possible) of climatic data for the already
available growth data (permanent plots) while the se-
cond is based on the simultaneous gathering of climatic
and growth data in specially chosen permanent plots or
in newly established permanent plots. The selection of
plots to be used for this last methodology was based on
the results of the definition of spatial modelling units
with SOPORCEL plantations. In each of the 7 homo-
geneous regions that were defined (Amaro et al,, in
preparation) 3 plots of different age classes and that
were thought to be representative of the mean produc-
tivity for the region were selected and weather and
growth data are beginning to be gathered at 2-month
intervals. At the moment there is not enough data avail-
able to evaluate its adequacy to model eucalypt growth
responses to weather.

Simulation of silvicultural practices

Eucalypt is known to be very sensitive to silvicultu-
ral practices. For instance T o mé (1994) describes the
influence of site management, namely site preparation
(including fertilization at planting), spacing, irrigation
and fertilization, verified through analysis of data both
from the permanent plots used to build the GLOBUS
model and from experiments purposely established to
study eucalypt productivity under different silvicultural
treatments. Great differences can be found, showing
that it is essential that the GLOBAL models allow for
the simulation of their effects. The GFD database aims
to bring together all data available for eucalypt growth,
including data from experiments which will be used to
simulate the effect of silvicultural practices in eucalypt
growth. Several projects are being developed with the
main objective of studying the growth response of
eucalyptus to environmental stresses and different
silvicultural treatments, such as spacing, fertilizer ap-
plication, control of pests and diseases, site preparation
and weed control. Some data is already available, some
experiments are still running and some new experi-
ments are being established. The simulation of the ef-
fect of silvicultural practices will be made in a dynamic
way, using at each moment all the information avail-
able, and correcting the model every time new impor-
tant information is made available.

FINAL REMARKS

The two most important efforts to model eucalyptus
growth were described. GLOBUS was based on a very
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good database (long term permanent plots) but re-
stricted to a very limited region of eucalypt expansion
(central coastal). It was subject to validation with an
independent data set and the characterization of the
model error must then be reliable. It has been exten-
sively used to make forecasts of future wood availabil-
ity based on forest inventory data and also for teaching
and research purposes. On the other hand, the EUSOP
model was based on continuous forest inventory data,
a database that can have some limitations but that is
considered by some authors (K6 hl at al., 1993) more
representative of the forest than permanent plots. It was
only subject to cross validation by splitting of the fit-
ting data set. However it is a model that has given good
results for most cases in stands located in the central
and southern regions of Portugal. The knowledge that
was gained by building those two models generated the
ongoing project of building a model applicable to the
whole country — the GLOBAL model — and some of
the drawbacks already found for the available models
aid in the definition of the characteristics of such
a model, namely the possibility of simulating alterna-
tive future weather scenarios and of simulating diffe-
rent silvicultural practices. When this model is avail-
able it will be included in a decision support system
that can help forest managers in making their decisions.
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GLOBALNI RUSTOVY MODEL PRO EUKALYPTOVE VYSADBY

V PORTUGALSKU

M. Tomé!, A. Falcdo?, A. Carvalho?, A. Amaro’

IVy.\-oka’ Skola zemédélskd, Lesnickd fakulta, Tapada da Ajuda, 1399 Lisboa
2Firma Portucel Florestal, Av. Jado Criséstomo 52, 1000 Lisboa

3Technickd vysokd $kola, Av. Rovisco Pais, 1200 Lisboa

Eucalyptus spp. pivodem z Austrdlie byl do Portu-
galska pfivezen pied 150 lety k okrasnym dcelim. Br-
zy byl rozpoznin ekonomicky potencidl tohoto druhu
a v soucasné dobé pokryvaji eukalyptové plantdZe asi
500 000 hektarti (17 % z celkové zalesnéné plochy).
V rdamci spole¢ného vyzkumného projektu, na kterém
se podileji univerzity a primysl, se vytvafi systém pod-
porujici rozhodovani, ktery se tyka vétSiny rozhodnuti
pii obhospodafovani eukalyptovych vysadeb. Jednou
z hlavnich sloZek takového systému je ristovy model,
ktery: 1. lze aplikovat pro celou zemi, ale také posky-
tuje lokdln& upravené pfedpovédi; 2. miZe pfedpovidat
reakce na zdokonalenou pé&stebn{ praxi; 3. miZe pfed-
povidat reakce na neregulovatelné veliCiny, a to na
pudni a klimatické charakteristiky.

V préci se popisuji vysledky usili, které je vynalo-
Zeno na dosaZeni prvniho cile tohoto globalniho modelu.
Préce také prinaSf nékteré informace ze stdle pokracu-
jictho vyzkumu jak zvétSit kapacitu modelu pfi pfed-

povidédni reakci na pifrodni prostfedi a na péstebni
techniku. Udaje ziskané na trvalych plochich s prvnf
obmytni dobou, které byly zaloZeny v pfimofiské oblas-
ti ve sttednim Portugalsku a které lze charakterizovat
vysokou produktivitou a nizkou mortalitou, se staly z4-
kladem modelu celého porostu, modelu GLOBUS, do
néhoZ byly pozdéji dosazeny parametry pro vnitrozemi
stfedniho Portugalska. Nezdvisle na tomto modelu byl
vytvoren dal$i model, model EUSOP, ktery obsahuje
prvek mortality a finanéni analyzu; Ize ho také pouZit
pro druhou obmytni dobu. Pro néj byly pfitom pouZity
didaje z inventarizace lesti ve vnitrozem{ jiZnfho
a stfedniho Portugalska. Model GLOBAL (model ristu
pro Eucalyptus GLOBulus v PortugALsku), ktery se
snazime nalézt, musi systemizovat v§echny dostupné
informace.

eukalyptus; ristovy model; globdlni model; vychova;
pudni a klimatické prom&nné; Portugalsko

Contact Address:

Dr. Margarida T om €, Instituto Superior de Agronomia, Department of Forestry, Tapada da Ajuda, 1399 Lisboa Codex,

Portugal
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ABSTRACTS

FUTURE TRENDS IN GROWTH MODELLING

A. Falcao

Estudos e Projectos Florestais, Lda, Tapada da Ajuda, Pahvilhao Florestal, 1399 Lisboa

Codex

Four new methods can be quoted as an example of
possible tools that will be available to the forest mode-
ler in the dawn of the new millennium:

1. Fractals and dynamic systems. Some research is now
conducted with promising results. Concerning frac-
tals, it is possible that forest stands can be explained
better with the use of fractal dimensions and so mak-
ing more clear the structure of stands. The work of
Prof. B. Zeide is pioneer and is one way to explore
the ,,fractal realm“. Dynamic systems have a fractal
behavior, but that is not the most important feature:
Forests, as any other biological systems are dynamic
systems, so they should be studied with dynamic
equations. Several years ago this was a problem, be-
cause there was no sure way to solve nonlinear dy-
namic equations, but now with such new computers
available there should be some efforts in this path to
accomplish this.

2. Cellular automata. The work concerning cellular auto-
mata applied in forestry in its most incipient form,
being used practically only in the modelling of fire.
Some work could be now done applying those dy-

namic methods, trying to predict stand growth and

also the evolution of other dendrometric variables.

3. Fuzzy logic and expert systems. The development of
fuzzy systems can be a major help in the modelling
of forest stands, as they can provide a possible link
for equations used in process based models with the
reality.

4. Neural networks. There are currently about 80 (?)
types of neural networks. As this new method can
provide new ways to explore data and make fore-
casts, it can be a very helpful tool forest growth
modelers and also a vast field for research for its
possibilities are very far from being reached.

These new tools for growth analysis should not be
»compulsory“ for the forest scientists of the next deca-
de. They are just an illustration of what next can be
done in the field of growth modelling. We should not
either expect that, at last, these new methods will enab-
le us to make correct projections, but they will certainly
contribute to much better knowledge of forests and at
least, they can give us clues for the exploration of new
methods that are to come.

A FOREST POLICY MODEL FOR THE NEW ENGLAND

REGION, U.S.A

D. S. Solomon', W. B. Leak', T. B. Brann®

'USDA Forest Service, Durham, NH 03824
2University of Maine, Orono, ME 04469

Forest growth modelling in New England, U.S.A,,
has traditionally dealt with an integration of existing
knowledge to- project timber volumes in response to
silvicultural treatment. However, current policy issues
across the region reach beyond timber values and must
include a variety of ecological and environmental con-
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cerns. To address the needs of policy makers, traditio-
nal tree and stand models must be based on ecological
processes to project a broader consideration of resource
values. The growth forest model FIBER is being exten-
ded to interrelate projections of forest succession, wild-
life habitat, biodiversity, deadwood production, and
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economic returns — all within the context of a GIS sys-
tem that will facilitate spatial analyses based on land
classification. With these added features, FIBER

should provide the tools to meet the growing needs of
both ecosystems managers and environmental policy
analysts.

MAXIMUM DIAMETER GROWTH OF DIFFERENT TREE

SPECIES IN FINLAND

S. Pitkiinen

University of Joensuu, Faculty of Forestry, SF-80101 Joensuu

The aim of this work was to study the maximum
diameter growth of Norway spruce, Scots pine, silver
birch, white birch, aspen and alder. In addition, one aim
was to model the maximum growth of different tree
species. The data used were sample trees from the 7th
and 8th National Forest Inventories of Finland and spe-
cial growth sample tree data. The sample trees were
dominant trees on mineral soil sample plots. Maximum
diameter growth in different parts of Finland was de-
termined as the upper quartile of frequency distribution
of growth. The country was divided into six growth

regions according to maximum growth. These regions
were formed by tree species and they followed the zo-
nes of effective temperature of Finland. Growth regions
were confirmed with the growth sample tree data.

Maximum growth on the southern coast was lower
than in the inland. Maximum growth was lowest for all
tree species in northern Finland. In southern Finland,
the highest maximum growth was found for spruce,
2.79 mm/a, and silver birch, 2.60 mm/a, and in northern
Finland, for pine, 1.91 mm/a. Finally, models for ma-
ximum growth were calculated.

Jeltsch, F. - Wissel, C.: Modelling dieback phenomena in natural forests (Modelovani jevu hynuti

v prirodnich lesich)

Ecological Modelling, 1994, 75/76, s. 111-121 - 5 obr., lit. 17

Modelovéni lesnich ekosystémi je obtiZny tkol, protoZe zde mé sviij vyznam dlouhodobd dynamika a prostorové aspekty. Zdklad pro
postup feenf bylo zjisténi, Ze hynuti destnych lest na Havajskych ostrovech se nedalo vysvétlit tim, Ze by se zne&i$tEni ovzduif nebo biotické
Cinitele jako choroby nebo $kodlivy hmyz daly uréit jako primérn{ pfi¢ina tohoto jevu. Verblni teorie byla pfevedena na icky model.
Je uveden typ modelu zvany dynamicky robotovy model (dynamical automata model). Pro modelovéni pfed&asného stdrnuti 0 se
rozli¥uje mezi fyziologickym v&kem a casem. Fyziologicky v&k je definovén jako inverzni mira vitality stromu. O abiotickém aktivujicfim
faktoru se pfedpokldd4, e m4 urdity synchronizujici G&inek na dy iku. Jsou zkoumdny piiklady pfirozeného hynutf piirodnich lesd
v riiznych &dstech svéta. Je to pfedeviim hynuti druhu Metrosideros polymorpha na Havaji, ddle hynuti Chamaecyparis nootkatensis na
Aljadce (pozorované od r. 1880), hynutf Nothofagus solandri a jedli Abies v Severnf Americe a v Japonsku. Opakujfcf se hynutf stejnorodého

lesa jsou na \rovni porostu v uvedenych podminkéch pfirozenym jevem. Préce je piikladem ického modelovén{ zejména v obl h
stejnorodych pifrodnich lesd. - M. Paga ¢
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EUROPEAN FOREST INSTITUTE - NEW INSTITUTION IN EUROPE

EFI was established in 1993 in Joensuu, Finland as
a non-governmental association. Its purpose is to un-
dertake research on forest policy including its environ-
mental aspects on the ecology, multiple use, resources
and health of European forests, and on the supply of
and demand for timber and other forest products. It will
also prepare forecasts of the future development of
European forest resources and their utilisation.

The EFI Director is Birger Solberg from Nor-
way. He has a four-person secretariat and currently five
research staff. EFI is managed by a Board of Manage-
ment (the chairman is Tim Peck previously with FAO)
a Scientific Advisory Committee and its Members. The
latter can be any legally constituted body which would
like to participate in EFI activities with a membership
fee of 1,000 ecus/annum. At present there are over
45 members in over 24 European countries. The bene-
fits of membership are receipt of EFI publications con-
tacts through the membership network and voting at the
annual Conference of Members. The first Conference
was held in Joensuu in September 1994,

EFI aims to fill a niche that complements not com-
petes with those occupied by national research institu-
tions. It has perhaps five comparative advantages. First,
EFI will concentrate on internationally-oriented analy-
ses at the European level (not least on countries with
economies in transition) and on comparative studies.
Secondly, EFI will establish special expertise in forest
policy analysis particularly on the policy consequences
of changes in the biophysical environment and in so-
cio-economic structures — recognising that many of the
changes that affect forestry occur outside the forestry
sector. Thirdly, EFI can use its seed money from the
Finnish Government and its network of members to
respond rapidly and flexibly to put together teams to
address issues as they arise. Fourthly, EFI aims to es-
tablish databases and meta databases (i. e. information
on where data exists) on European forests so that re-
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EFI Members in Europe

searchers do not have to spend time searching among
the numerous national databases. Fifthly, as mentioned
EFI is non-governmental and will remain totally inde-
pendent of political or other external constraints.

The modus operandi of EFI are to appoint research-
ers who can work at Joensuu or at their home institu-
tions for some of the time to grant forest scholarships
and to hold workshops seminars and training courses.
EFI will have no field facilities of its own.

During its first year EFI established five priority
areas for its research. These are (I) forest policy analy-
sis, (IT) forest sector informations services and research
methodology, (IIT) structural changes in markets for
forest products and services, (IV) forestry and possible
global climate change and (V) forest sustainability.

EFI informs about its activities through EFI News
which is distributed to 3,200 individuals and organisa-
tions. Subscription is free of charge. In order to obtain
a copy, please send your full address to: European Fo-
rest Institute, Torikatu 34, FIN-80100 Joensuu, Fin-
land.
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Pokyny pro autory

Obecné pokyny

Casopis Lesnictvi-Forestry uvefejiiuje ptivodni védecké price ze viech oborti lesnictvi, které maji vztah k lesnim ckosystémim rostoucim ve
stfedni Evropé. Autor price je odpovédny za plvodnost piispévku; price nesmi byt publikovina nebo zaslina k publikovini do jincho
Casopisu. Rozsah zaslaného piispévku nemad presdhnout 25 stran (A4 formdtu, psanych obfidek) véetné tabulek, obrdzki, literatury, abstraktu
a souhrnu. K publikovini jsou piijimdny price psané v ¢edting, slovensting nebo anglicting. Zaslané rukopisy musi obsahovat anglicky
souhrn o rozsahu 2-3 strany. Autor odpovidd za spravnost anglického textu. Rukopisy maji byt napsdny na papiie formétu A4 (60 Ghozti na
fidku, 30 Fadkd na strance). Uspofddini ¢ldnku musi odpovidat formé, ve které jsou ¢linky v Casopisu Lesnictvi-Forestry publikoviny. Je
tfeba zaslat dvé kopie rukopisu na adresu vedouci redaktorky: Mgr. Radka Chlebeckovd, Ustav zemédélskych a potravindfskych informaci,
120 56 Praha 2, Slezskd 7. O uvefejnéni price rozhoduje redakéni rada casopisu se zietelem k Iektorskym posudkim, védeckému prinosu a
celkové kvalité prace a s pfihlédnutim k vyznamu ¢ldnku pro lesni hospoddistvi.

l]prava textu

Rukopis mad obsahovat titulni stranu, na které je uveden nizev ¢linku, jméno autora (autori), nizev a adresa instituce, kde price byla
vypracovdna, a &islo telefonu a faxu autora.

Kazdy ¢linek by mél obsahovat abstrakt, ktery nema mit vice nez 120 slov, a klicova slova. Uvod by mél byt stru¢ny, s uvedenim zaméreni
a cile price ve vztahu k dosud provedenym pracim. Nemél by v ném byt uvddén rozsdhly prchled literatury. V kapitole Materidl a metody
by mél byt uveden popis pouzitych experimentdlnich metod tak, aby byl postacujici pro zopakovini pokusti. Mély by byt uvedeny obecné
i védecké ndzvy rostlin. Je-li zapotiebi pouZivat zkratky, je nutné pii prvnim pouZiti zkratky uvést i jeji plny ndzev. Je nezbytné nutné
pouzivat jednotky odpovidajici soustavé mérovych jednotek SI. V Cisti Vysledky by méla byt presné a srozumitelné prezentovina ziskand
data a vdaje. V kapitole Diskuse se obvykle ziskané vysledky konfrontuji s vysledky diive publikovanymi. Je piipustné spojit &dst Vysledky
a Diskuse v jednu kapitolu. Citovénf literatury v textu se provadi uvedenim jména autora a roku vyddni publikace. Pfi vé§im poctu autori
se uvddi v textu pouze prvni z nich a za jeho jméno se doplni zkratka ,.et al.*.

V &ésti Literatura se uvddéji pouze publikace citované v textu. Citace se fadi abecedné podle jména prvniho autora : pfijmeni, zkratka jména,
rok vydani, plny ndzev price, fedni zkratka ¢asopisu, rocnik, prvni a posledni strana. U knihy je uvedeno i misto vydani a vydavatel.

Tabulky
Tabulky jsou &isloviny pribézné a u kazdé je uveden i nadpis. Kazdd tabulka je napsina na jednom listu.

Obrazky

Jsou priloZeny jen obrdzky nezbytné pro dokumentaci vysledkl a umoZiiujici pochopeni textu. Soucasné uvidéni stejnych vysledki
v tabulkdch a na grafech nenf pfijatelné. Viechny obrizky musi byt vysoce kvalitni, vhodné pro reprodukci. Nekvalitni obrdzky nebudou
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