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There is a long tradition of co-natural forest management in Slovenia. Since
the end of the second world war clear cuttings are forbidden and site spe-
cific, environmentally oriented forest management is applied in our concept
of work. Researchers, scientists and field workers are aware of the impor-
tance to preserve the only renewable natural resource – forest. They take
great effort in finding new directions and developing modern tools for keep-
ing diverse and healthy forest. Our forest management system is based on
forest management, silviculture and operational planning. Planning process
and forest information system are closely related. The input data for plan-
ning process are provided by forest inventory and mainly these data are
used in decision making process.

A Decision Support System (DSS) for predicting forest stand develop-
ment using different management scenario is represented. Computer sup-
ported DSS provides prediction of stand structure and cutting volumes by
using different production periods and different thinning operation intensity
in forest planning process. Co-natural development is provided by goal func-
tion which is determined with potential natural structure of tree volumes
defined by site requirements (vegetation association). A step of ten year time
period is used for predicting stand dynamic. Output data on stand structure,
cutting volumes compared with model optimal situation are provided. We
calculated the difference between actual and potential natural stand struc-
ture. Index of co-natural stand structure based on difference was used to
determine thinning intensity for next prediction period and also for evaluat-
ing success of management scenario. DSS provides data which could be
used in all three components of our planning process. Its application is not
limited by area, but only by availability and accuracy of input data. DSS was
tested using real data and results are represented for mountain forests in model
forest enterprise unit (cca. 5 000 ha) for a time period of one hundred years.

Keywords: computer model, forest stand development, forest planning,
decision support system, production period, prediction, scenario
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Slovenian forests have always been
under strong influence of human
needs concerning wood extraction
and lately also under strong influ-
ences of industrial emissions which
have impact on natural environment.
Forest and human must and should
live together and therefore it is not
possible to avoid some consequences
which are shown as changes in for-
est structures caused due to reactions
of human impacts on forests. Most
obvious changes caused by human
management activities are changes in
tree species, social stage and age
structure of forest stands.

At the beginning there was a
silvicultural uncontrolled process of
wood extraction, forced only by cur-
rent needs and extraction possibili-
ties. Later, when wood shortage oc-
curred, a man had to think of sus-
tained wood production. In different
stages of history silviculture treat-
ments had various aims. The influ-
ence of human activities was so huge
that nowadays we could not find for-
ests with purely natural development
with primary association and selec-
tion of plant and animal species.

On the basis of research results
concerning vegetation succession
during time period and data for past
forest management activities it is
possible to reconstruct an image of
potential vegetation type - that is for-
est stand structure, tree and plant spe-
cies which are mostly adopted to
micro and macro requirements on
each specific forest site. Site require-
ments are defined by ecological in-
fluence factors (floor, climatic, relief
and other conditions). Plant and ani-

mal species with their structures de-
fined by potential forest vegetation
type represent optimal combination
with self controlled mechanism for
sustained providing various func-
tions of forests and there is no need
for human interference. There are
cases where production potential of
wood in potential vegetation type
structures is lower than the produc-
tion of managed forest in pure com-
mercial manner. Precondition for
sustained “overproduction” of wood
is caring out forest management ac-
tivities which accelerate human de-
sired components in natural devel-
opments of forest stand structures.

Nowadays computer equipment
and information systems enable ob-
jective predicting in future develop-
ment of various systems. We have to
know the most important influential
factors, their values, form and direc-
tion of correlation between each fac-
tor and system development. A lot of
scientific researches and operational
uses in form of decision support sys-
tems (DSS) and other computer mod-
els are present in today forestry
(Siitonen 1994, Petra�� 1994, Bevins
1994). A range of forest estate
modeling application has also been
reviewed (Manley 1998). At the be-
ginning we should  provide input data
on initial stand structures in defined
computer databases, choose desired
goal (aim) and incorporate in model
algorithm natural trend of forest
(stand) development (Fig. 1).

The representation of  DSS which
could be used for evaluating differ-
ent forest management activities fol-
lows. Basic characteristic are writ-
ten in following lines:



�

��� �������	
�����
������
���
�������	����

• Predicting future forest stand
structures for time period of one
hundred years

• On each step management strate-
gies are defined by difference to
potential optimal stand structures.

• There is no human planting of
these new plant species which are
part of relevant potential vegeta-
tion type.

• Forest management activities are
predicted using an internal 10-
year step to determine log vol-
umes in thinning and final cutting
operations.

• Basic cell of simulation is a for-
est section which is the smallest
unit in our forest inventory.

• Successfulness of scenario is
measured by index of co-natural
stand structure derived by differ-
ence between actual and poten-
tial optimal stand structure.

• Growing stock compared to
model on each time step, is a
growing stock of tree species re-
lated to the share of forest asso-
ciation and seral stage in each
forest section.

DSS is a collection of computer
procedures written in program lan-
guage FoxPro™ and additional mod-
ules for enabling link to geographic
information system (GIS) analyses
(IDRISI™). The structure and the
form of input data are the same as
those in computer databases of
Slovenian forest inventory (Mikuli�
1990).
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The accuracy of every forest scenario
modeling depends on reliability in
initial information concerning stand
structures. Accurate input data on
tree volumes, age classes, spatial dis-
tribution and areas have to be dis-
posed. Actual values of studied  vari-
ables must be so precise and com-
plete that they could be used for in-
put data in model with desired accu-
racy of output data.
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All results shown in paper are
derived by a model study in forest
management unit Jezersko which
comprises about 5000 ha forest land
for the time period from 1990 to
2080. The management unit is di-
vided into 225 forest sections and
197 of them are forests with wood
yield. The rest 28 sections are for-
ests with protective or other special
functions where no wood yield is
planned. The average area of forest
section is 23,96 ha.

Goal (desired) structure of tree
species growing stock was defined
by site conditions (potential forest
association) – that is potential veg-
etation type. For each forest associa-
tion an optimal share of tree species
growing stock was provided. Tree
growing stock structure on estate
(forest management unit) level was
calculated using weighted share of
tree species in forest association (Ta-
ble 1, Table 2). Weights are provided
by the sum of forest association ar-
eas. In calculation different optimal
tree volumes for different forest as-
sociation are taken.
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We used sinus function (sin (age))
for the approximation of growing
stock development. Final cut was
simulated in three sequential ten year
steps.  In the first and the second step
we took 40 %, and in the last third
step all (100 %) tree growing stock
(Fig. 2).

Prediction of future growing
stock by tree species was calculated
from actual stand data (forest inven-
tory), actual wood increment for dif-
ferent diameter compartments and
predicted cuttings (thinning and fi-
nal cuttings). Calculation was made
for every ten year step consequent
from results of prior step.

Seral stage distributions are
stabile during simulation - progno-
sis based on assumption that initial
(actual) relation of forest seral stages
continuosly changes from young to
old stages. There are five different
classes in structure of tree diameter
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OPTIMAL

D = Σ(fi-(sin(T/Tmax)*(π/2)*/
PD[

*S)*pi)*DGZ

(sin(T/120)*(π/2)*/
PD[

*S)*pi/[(actual)

T Tmax

Growing stock
100 % ACTUAL

100

D..........Sum of growing stock differences between actual and model optimal values
π..........3,14...(pi)
Lmax.......final stand growing stock taken from yield tables by age 7PD[�(m3/ha)
S..........share of tree species in growing stock defined site spesific by forest association
DGZ.....share of forest section area defined for specific forest association
fi...........growing stock for specific seral stage
pi...........area of seral stage i
Lx.........growing stock (m3/ha) tree species in forest section
T...........age of trees in seral stage (forest inventory data)

DIFFERENCE
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related to tree age: young growth
(younger than 25 years), early I (from
25 to 50), early II (50 to 80 year),
mature (80 to production age – 20
years) and old growth, (production
age – 20 years to production age)
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Every step (ten year) in prognosis
had a comparison between actual and
potential optimal growing stock.
Growing stock was compared to
those of model optimal values by the
same age. For every forest associa-
tion in forest section a sum of abso-
lute difference in m3 was calculated.
Absolute difference was used for
deriving index of co-natural stand
structure.
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Forest section comprises mostly
three forest associations. The proce-
dure for comparison of actual and
optimal growing stock structure re-
peats for every tree species three
times (three forest associations) (Fig.
4).
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We analyzed different management
scenarios for approaching desired
forest stand structures. Scenario was

determined by three different thin-
ning intensity and also application of
three different production periods
(Table 3). Yields (harvest volumes)
by thinning operation are determined
in relation to difference between ac-
tual and optimal growing stock of
tree species (Fig. 5). Different pro-
duction ages (120, 140 and 160
years) were applied for scenarios
(Fig. 6).

Yields determination for thinning
operations is related to difference D
(Fig. 3) between actual and optimal
growing stock of tree species for for-
est association. Independent variable

Calculating 
the difference

of growing stock 
(actual - model)

for every 
tree species and
forest association

SUM 
OF 
ABSOLUTE
DIFFERENCE

First
forest
association

Second
forest
association

Third
forest
association
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'
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(Ddv) is share which represents dif-
ference (D) in comparison to final
optimal stand growing stock (KLZ)

Ddv = D/KLZ *100

Concerning Ddv value, we deter-
mined wood volumes for thinning
operations which are measured with
a share of actual increment of tree
species (i) as it is shown in Fig 5.

Procedure of harvest volume de-
termination for thinning operation
has three typical intervals related to
Ddv value:

I. In case of shortage (Ddv<0) there
is no wood supply from thinning
operations.

II. In case of equal actual and opti-
mal wood volumes there is an
advance determined share of cur-
rent wood increment (Ddv=0).

III.In case of surplus (Ddv>0) there
is linear increase of harvested
wood.

Harvesting volumes for final cutting
are provided by model approxima-
tion, (Fig. 2) where in three subse-
quent ten year periods all volumes
are cut regardless to difference in
growing stock structures.
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DSS enables prediction of growing
stock, harvest volumes and approxi-
mation of co-natural stand develop-
ment for different forest estate and
management activities. Quantitative
data for management scenario  (Ta-
ble 4) are derived from voluminous
databases which could be used for
prediction of future conditions in
various forest estate levels. Data for
higher estate levels are derived by
analysis from data on basic level of
simulation represented by forest sec-
tion.

Scenarios with different produc-
tion age have most significant dif-
ferences in prediction results. It can
be be concluded from fig. 7 that to-
day average production age is ap-
proximately 140 years. Short produc-
tion ages (120 years) would decrease,
longer (160 years) would increase
today average growing stock.

Model optimal growing stocks
are lover than predicted. The situa-

tion can be explained by tree species,
because today dominant spruce has
a higher growing stock than more site
convenient beech (Tables 1 in 2).

Index of co-natural stand struc-
ture showing co-natural development
of growing stock was also observed.
We derived index by dividing the
sum of absolute differences (D) in
volume structures (Fig. 4) with ac-
tual optimal growing stock in forest
section. Average values for forest
management estate index of co-natu-
ral stand structure comprises Table
5.

Best results concerning adoption
to site requirements were achieved
by scenario seven (120 year produc-
tion with high intensity of thinning
operations). Results were expected
because shorter production period
operates with lover average growing
stock, which corresponds to model
optimal requirements. Approaching
natural stand development is worst
by longer production period. Even by
using high intensity of thinning op-

=IEV ����]IEVW ����]IEVW ����]IEVW
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eration a gap to natural  stand struc-
ture grows rapidly. It is not possible
to avoid planting new (site conven-
ient) tree species.
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In the paper part of DSS is repre-
sented which predicts growing stock,
harvesting volumes and co-natural
stand development for future. Results
can be used in ecological and eco-
nomical analyses. Economical part
includes mainly relations in cash
flow, ecological viewpoint maintains
non-timber function of forests (pro-
tection, hydrological, climatic, rec-
reation, tourist, aesthetic and other
social benefit functions) which have
important influence on successful-
ness of management activities. Man-
agement plans and forest operations
should give both sides equal atten-
tion because consequences of man-
agement activities have in most cases
opposite reactions (results).

Primary purpose of DSS is sup-
porting forest management planning
on different level of forest estate.
Input data are provided by national
wide forest inventory. Predictions for
forest stand development are made
using real (field) data. It is also pos-
sible to provide national wide pre-
diction on future values for some
macroeconomics interesting data re-
lated with forestry. Rather than pre-
dict what will happen, we are able to
predict what can happen under spe-
cific assumptions. Forest service has
a computer database with primary
data for over million hectare forests
in Slovenia, divided in 80,000 forest
sections (basic data cells). Compre-

hensive and valuable data provided
by forest service could be, through
DSS, better (objectively) included in
forest management planning process.
National wide results could be im-
plemented in investment strategy in
wood processing industry (potential
future wood supply) and also for
maintaining forest communication
network. Development strategy of
DSS is modular oriented. Parallel to
forest stand dynamics, we work on
module for economic assessment dif-
ferent management scenario con-
cerning silvicultural treatment and
production period. Cash flow using
different working method in forest
operation, skidding means, quantity
and quality of harvested volumes can
be compared.

Data processing possibilities are
almost unlimited. Every important
decision should be supported by ob-
jective  calculations including also
ecological and economical viewpoint
for alternative possibilities.
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