BALTIC FORESTRY

H/../ ANALYSIS OF /.../ MANAGEMENT ALTERNATIVES FOR /.../ FORESTS /.../ I E. PETRAUSKAS, A. KULIESIS I

Scenario-Based Analysis of Possible Management Alternatives
for Lithuanian Forests in the 21¢ Century

EDMUNDAS PETRAUSKAS', ANDRIUS KULIESIS®

Lithuanian University of Agriculture, *Lithuanian Forest Inventory and Management Institute

Petrauskas, E., KulieSis, A. 2004. Scenario-Based Analysis of Possible Management Alternatives for Lithuanian
Forests in the 21% Century. Baltic Forestry, 10 (2): 72-82.

Forest policy making increasingly draws on scenarios based on the simulation of forest resource dynamics. The
simulation is utilised to evaluate regimes of stand treatments, reveal consequences of inadequate management, and define
sustainable use alternatives. The paper presents large-scale forestry scenario model KUPOLIS that has been developed
in 1997-2000. The use of the model is demonstrated in envisioning the Lithuanian forestry for the XXI century.
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Introduction

Forest policy makers search for efficient measures
in an environment where an increasing variety of for-
est products have to be produced from a decreasing
or relatively stable forest land area. When facing the
controversy, the large-scale forestry scenario models
may be helpful. National forestry scenario models have
been designed to deal with specific national problems
and circumstances, making use of data available in a
particular country (Nabuurs & Pdivinen 1996).

Modelling of forest resource dynamics and use
is a complicated task as it covers rather different
spheres of theoretical and applied sciences. The tra-
ditional view to the forest only as the source of tim-
ber has changed and a much wide range of societal
requirements must be considered. The Pan-European
criteria for sustainable forest management (MCFPE
1998) can be adopted as guiding principles for model-
ling large-scale scenarios. Nabuurs et al. (2001) has
exemplified the use of the criteria by simulating four
different management regime scenarios for the whole
Europe.

Large-scale forestry scenario model KUPOLIS
(Petrauskas & Kuliesis 2000) was designed to assist
forest policy makers. The main aim was to predict the
development of forest resources under different eco-
nomic and environmental conditions at the country
level.

Traditionally, large scale forestry scenario mod-
elling is based on optimisation or iterative simulation.
Optimisation is used in JLP (Lappi 1992), MELA (Sii-
tonen 1993, Siitonen and Nuutinen 1996), GAYA (Hoen
1996), SPECTRUM (Camenson et al. 1996), DTRAN
(Hoganson 1996), and TAMM (Alig and Adams 1996).
Iterative simulation is used in well known models as

ITASA (Sallnas 1996), HUGIN (Lundstrom and Soder-
berg 1996), and HOPSY (Hinssenen 1994).

This study aims to present large-scale model
KUPOLIS and reveal possible forest management al-
ternatives for Lithuanian forests in the 21™ century.

Methods and materials

Data sources

In Lithuania, standwise inventory data are peri-
odically collected for the strategic forest management
and operational planning. Each compartment has a
detailed description with more than 100 variables in-
cluding administrative, soil, stand descriptors, as well
as descriptors of non-timber values, such as stand
capacity for the feeding wild animals, area coverage
by berries, recreational value, etc. Data of the last two
inventories are stored in an electronic form. The on-
going 5th cycle of inventory features a wide applica-
tion of digital forest maps.

Lithuania’s forest land area at present is over 2.16
million hectares. Forest land area covered by stands
is 1.89 million hectares. Eight tree species (Table 1)
covering more than 99 per cent of all forest stands.

50 per cent of Lithuanian forests are state owned,
other forests are private or reserved for privatisation.
Forests are divided into 4 groups. Strict reserve and
special-purpose (group I and II) forests comprise 14.6
per cent of the total forest land area covered by stands.
The remaining forests (groups III and IV) are protec-
tive and commercial. No cuttings are performed in for-
ests of group I. In group II, forest stands are felled
when they reach natural maturity, e.g. at the age of
200 years for Scots Pine. At present a very small part
of forests of group II have attained the age of natural
maturity. The scenarios are modelled for state and
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Table 1. Forest resources in Lithuania (2000)

Tree species Forest land area  Growing
covered by stock,
stands, 1000 ha  million m?
(overbark)
Pine (Pinus sylvestris L.) 702.1 144.7
Spruce (Picea abies (L.) H. Karst.)  441.9 84.9
Birch (Betula pubescens Ehrh. +
Betula verrucosa Ehrh.) 375.2 60.8
Aspen (Populus tremula L.) 52.4 11.2
Black Alder (Alnus glutinosa L.) 108.5 19.8
Grey Alder (Alnus incana L.) 111.3 10.8
Oak (Quercus robur L.) 33.6 6.0
Ash (Fraxinus excelsior L.) 50.8 7.6
Others 12.2 1.7
Total 1888.0 347.5

private forests belonging to forests of groups III and
IV, excluding stands that have not undergone the
standwise inventory. In forecasting forest area and
use, only reforestation on the forest land was consid-
ered. Data on natural or artificial afforestation on non-
forest land are not included in our calculations. Ac-
cording to expert opinions (Kulie$is and Petrauskas

Ah’

2000Db), the afforested land area in the next three dec-
ades will amount to at least 0.36 million hectares.

Modelling approach and generation of scenarios

The model consists of three main modules (Fig-
ure 1) that simulate the use and dynamics of:

- timber resources,

- supplementary (non-timber) forest resources,

- preservation and recreation functions.

The first module has four subsystems: regenera-
tion, stand growth, timber use, and economic evalua-
tion. Two other modules are still under development.
All subsystems are linked so that changing parame-
ters of one subsystem will affect the simulation results
of others in the following steps of iteration.

Though the stand is the basic unit of simulation,
any aggregated or sampled data can be used for sim-
ulation in case the structure of data record is analog-
ical to the stand record. The smallest scale of the
model application is one compartment (stand), while
the biggest scale covers all forests of Lithuania, i.e.
more than 1 million compartments.

The length of simulation is 5-20 years. The number
of steps is unlimited. As a result of each step, two new
virtual databases are generated: i) data of stands that
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remain to grow forming the initial data set for a new
step, and ii) database of timber removed during all
kinds of cuttings and natural mortality.

Default values of model parameters comply with
the forestry legislation of Lithuania, including the
forest distribution into functional groups, maximal
permissible time for reforestation after clear cuttings,
rules and regulations on cutting ages, preferable tree
species, etc. There are two options of generating sce-
narios. The first option is used for the operational
planning where the user of the model can change pa-
rameters within the legislation requirements. In the
second option, the user is a decision maker who can
influence changes in legislative acts and wishes to test
the new strategies.

Each subsystem predicts the development at the
stand level. An exception is the model of optimisation
of the final cutting budget that generates optimal so-
lutions at the calculation unit level, and uses aggre-
gated data based on age classes. Calculation unit re-
fers to a group of stands of the same tree species and
functional class.

The forest regeneration subsystem provides a
possibility to deal with four following strategies
(Petrauskas & Kuliesis 2000):

1.Planting of tree species according to valid sil-
vicultural rules and goals;

2.Simulation of the present forest planting prac-
tice in future;

3.Planting according to the wishes of < decision
maker (expert opinion);

4.Continuation of the tree species composition
from the former stand.

The natural regeneration is predicted in three
cases: i) when enough undergrowth is present, ii) on
histosols or iii) when experts allow natural regenera-
tion due to economic reasons. To sustain the current
tree species biodiversity, the natural regeneration and
ingrowth models apply random selection of tree spe-
cies composition and density from the whole variation
of the real stands on the specified soil type. In the
case of the ingrowth, the number of trees is corrected
using a coefficient that depends on the stocking lev-
el of the present stand (Petrauskas 2000a).

The modelling of the stand growth is based on
regression models (Kuliesis 1993) developed for eight
dominant tree species (cf. Table 1). The mean gross
annual increment is determined for each tree species
and stand. The growth of other species is described
by the same models with the closest regularities of
growth. The forecast of undergrowth and ingrowth
height for the first step uses the regression models
by Kuliesis (1993) multiplied by the correction coeffi-
cient that depends on the stocking level of the former

or present stand (Petrauskas 2000a). Height growth
models of young naturally regenerated saplings have
been developed by KulieSis on the basis of forest
inventory data (Petrauskas 2000a).

The subsystem of intermediate cuttings can gen-
erate two types of strategies. The first type strategies
are those that well comply with the present silvicul-
tural recommendations. The original models are based
on an optimal number of trees and their optimal spa-
tial distribution that should be left after improvement
cuttings (Kairitkstis and Juodvalkis 1985). Here, they
are simplified and have three main parameters: relative
basal area (stocking level), average height of tree spe-
cies and tree species composition of a stand. The sim-
plification accommodates the absence information on
the spatial distribution of trees in standwise invento-
ry data.

In the second type of strategies, the main objec-
tive of the treatment is the species composition of
target trees and the stocking level of the stand at the
rotation age (Kuliesis ef a/. 2000). The main aim of the
method is to balance timber use and increment and
increase stability and productivity of stands. The start-
ing age for using this method is 15-20 years but not
later than 0.5 of the rotation age. The points of stock-
ing level at the starting age and rotation age estab-
lish a linear trend for each stand. The trend is used to
determine thinnings on all following steps of simula-
tion until the stand is regenerated. Thinnings are per-
formed when the actual stocking of a stand exceeds
the corresponding stocking level of the trend by de-
termined size. The stocking level of a stand during
cuttings cannot be decreased lower than determined
limit (KulieSis and Tebéra 1997). The initial and final
points of the stocking trends, thinning start, upper
stocking limit and lower limit of the stocking after the
thinning can be changed according to the goal func-
tion of the user. The user has a possibility to regulate
the amount and size of timber that will be cut by final
cuttings. In all cases, undesirable and less valuable
tree species are thinned first. The subsystem of inter-
mediate cuttings does not evaluate natural disasters.
Therefore, possible limits of salvage cuttings are de-
termined depending on the natural mortality that is
calculated as part of the net annual increment (Kulie-
$is 1993, Kuliesis and Petrauskas 2000a).

The main requirements for the objective function
in the subsystem of final cuttings are:

- continuing and sustainable use;

- smoothing of age class structure.

In the long term forecasts, these requirements are
satisfied best by model “Optina” developed by Lithua-
nian forest researchers Deltuvas and Misheikis
(Aléndaan and Geéyaézeén 1975) and later improved by
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Vitunskas (Butynckac 1988) (Formula 1). The minimi-
sation goal of the formula seeks to find the smallest
average area in a set of age class ranges. The length
of the range varies from one age class area (area of
mature stands) to the area of the whole calculation
unit (all age classes in the full rotation period).

k N
n 1
L; = miniming_j.yi——— 3 F; p.— 3. F; ¢ (D
j { klN{(k—l)'n+ai_1 /}N; /}

L= clear cut area for n year of the calculation unit
in step j, ha

n = age class length (usually 10 years), years

a = time period for which an extra area of aver-
age size clear cut of mature stands is reserved, years
(a =I)

F,= area of age class i on step j, ha

k = number of age classes used in the calcula-
tion of clear cut area (changes from 1 to N)

i = age class index counting backward from
matured stands N to 1

j = step index

N = number of age class in a full rotation period

Formula 1 does not describe the timber use and
increment balance. However, the optimisation includes
a constraint ensuring that the amount of clear-cut
volume does not exceed increment.

The model uses principles of dynamic program-
ming and allows reaching the mentioned goals in the
shortest time period. Another positive feature of the
model is the possibility to fix the buffer of mature
stands. Decision makers can influence the final solu-
tion at each step by changing the calculated optimal
solution through the ratio coefficients that can de-
crease the annual final cutting budget or increase it
as long as the volume of mature stands is not exceed-
ed. The subsystem generates optimal or conditionally
optimal solution (in case the ratio coefficients are
used) for each calculation unit at each step. The dis-
tribution model within the subsystem calculates the
priority indexes for each mature, overmature or dam-
aged stand. In case there are several stands with the
same priority indexes and, according to the calculat-
ed cutting budget, not all of them should be cut, the
random selection of stands is used.

The subsystem of economic evaluation calculates
three parameters: forest land value, stumpage price, and
predicted costs and revenues of all forest operations
starting from growing seedlings and ending with tim-
ber logging to the roadside. Due to uncertainty of
prices of round timber and forestland as well as costs
of forest operations, these calculations are reliable
only for a short time operational planning. By vary-
ing interest rate, timber price or forest operation costs,

the profitability of the whole forest sector can be an-
alysed.

Strategy definition

The total number of scenarios in each step can
be determined by multiplying the number of subsys-
tems by the average number of possible scenarios in
each subsystem. Analysis of the tremendous number
of scenarios is technically possible but not pragmatic
in decision-making. Our decision was to simulate the
core strategy that embodies the vision of forestry
experts and serves as a measure stick for comparing
other strategies or scenarios.

The main goal of the core thinning strategy is to
increase the stability and productivity of mature
stands. In the core scenario, stand treatments were
simulated according to the target tree species compo-
sition and stocking level of the stand at the rotation
age. The core thinning strategy is presented in Tables
2 and 3.

As an alternative, thinnings were modelled apply-
ing a method that currently is practiced in Lithuania
(Kairitkstis and Juodvalkis 1985).

Table 2. Strategy of stand treatments. Soils are defined ac-
cording to Buivydaité et al. (2001)

Thinning strategy Soil type Tree
species
Low intensity All histosols All
Average intensity Half of gleyic luvisols, and All
all other non-mentioned soils
High intensity Half of gleyic luvisols Pine and
spruce

Table 3. The parameters of stocking trends

Thinning Initial Stocking How How much

strategy stocking at the much stocking

(intensity) point rotation real of the

age stocking  thinned

should stand
exceed could
objective be lower
stocking  than the
trend to  objective
start stocking
thinnings

Low Actual 0.65 0.15 0.10

stocking
Average 0.75 0.75 0.15 .
High 0.5 0.85 0.15 0.10
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The forest planting in the core strategy was sim-
ulated according to the expert vision on the forest
plantation establishment, natural regeneration and
stand tending. According to the expert assessment,
pure and mixed birch stands may occupy up to 30 per
cent of the area on rich and temporary surplus humid
sites. The second simulated strategy is the continua-
tion of the current forest regeneration practice for a
century. The third strategy assumes regeneration strict-
ly in compliance with regeneration standards of 1990s.

The core final use strategy supposes the optimal
(or conditionally optimal) final use where a 5-year clear
cutting reserve was set for all coniferous, oak and ash
and a 1-year reserve was set for other deciduous spe-
cies. Over-mature stands of black alder, aspen and grey
alder are rapidly losing the quality of accumulated tim-
ber. Due to the surplus of these species, the core final
use was corrected by increasing the amount of the clear-
felled timber by 30 per cent on the first and the second
steps. Besides the core final use strategy, two alterna-
tives were simulated. The saving use strategy means
leaving the whole area of mature coniferous and hard-
wood deciduous stands (10-years age class) as well as
a half of softwood deciduous (10-years age class) are-
as as reserve. According to this strategy, timber is ac-
cumulated for the future, and the levelling of the struc-
ture of age classes is continuing for a longer period.
The maximal final use strategy does not leave any area
of mature stand reserve (the reserve may amount to one-
year clear cut area only, to ensure a continuous use).

Results

Future species composition

In case the existing forest regeneration and silvi-
cultural standards were followed strictly, the area of
oak and ash would double, while the area of aspen,
grey alder and birch would considerably shrink dur-
ing the 21% century (Figure 2 (A)). Most of latter spe-
cies would be substituted by spruce. If the present
forest planting and regeneration practice was contin-
ued for a century, the arecas of spruce and ash would
increase almost twice (Figure 2(B)). Areas of pine and
birch would decrease being pushed out by spruce
even on some typical pine sites. The core strategy
(Figure 2(C)) does not predict significant changes in
forest area distribution by tree species, except a re-
markable increase in the area of oak and a decrease of
aspen and white alder. Black alder has the most sta-
ble area, remaining unchanged in all three scenarios.

Thinnings
At the end of the forecasted period, the average
stocking level is increased by 10 per cent using the
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Figure 2. Scenarios of species substitution in Lithuanian
forests of group II-IV.

A — forest planting according to present silvicultural rules
and goals. B - simulation of the present forest planting prac-
tice in the future. C- forest planting according to the wishes
of a decision maker (experts opinion)

core strategy and by just 3 per cent using the tradi-
tional thinning strategy (Figure 3). The curve of mean
volume dynamics shows a typical accelerated growth
of stands in state forest and especially in the private
forests (Figure 4). An intensive (core) tending strate-
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Figure 3. Scenarios of average stocking level index in for-
ests of groups III and IV.
A —core thinning strategy. B — traditional thinning strategy
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Figure 4. Forecast of the mean growing stock dynamics in
stands of forests of group III-IV. The core strategy
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gy of young stands would allow forming a rather high
mean volume of mature stands. Volume growth inten-
sity in mature stands is greater than the increase of
the mean volume in all stands. Private forests have a
higher potential productivity due to richer soils. How-
ever, the potential can be realised under the condition
that young stands in private forests are treated not
worse than in state forests. By using the core thin-
ning strategy, increment losses and salvage cuttings
would be reduced.

Final cuttings

All three final use strategies attempt to level the
age class distribution and guarantee sustainable and
constantly increasing timber use. Differences of these
strategies lie in the size of the remaining reserve of
mature stands. They are greatest during the first three
decades (Figure 5). Timber use during the first dec-
ade varies from 3.6 to 4.8 million m*/year. During the
last decade, cutting volumes are similar in all three
scenarios and reach 6.6 million m? of stemwood annu-
ally. All final use strategies reveal a decrease in cut-
ting volumes in the sixth decade. The main reason for
this is the age class structure of coniferous stands
preconditioned by forest use and regeneration during
the last three decades.
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Figure 5. Forecast of the final cuttings in Lithuanian for-
ests of group III-IV applying various use strategies

The cuttings of pine, spruce and ash will grow
whereas cutting of birch will remain stable (Figure. 6).
Despite the increasing area of oak stands, the cutting
of oak decreases since the area of mature stands will
shrink. Even in the case of successful oak regenera-
tion, the first to take advantage of this work would
be only the third or the fourth generation of the
Lithuanian population. A decrease in removable grey
alder stock is proportional to the reduction in its area.
The decrease in the use of aspen is not so significant
as shrinkage of its areas because aspen quite often is
removed in stands of other species.
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Figure 6. Species structure of the total use in Lithuanian
forests of group III-IV. The core strategy

3.4 Balancing timber use and increment

In the core strategy, the rate of precommercial and
commercial thinnings will rise from 2.2 million m*/year
during the first decade to 2.9-3.0 million m*/year dur-
ing decades 4-10 (Figure 7). The forecasted salvage
cuttings make up 0.6-0.7 million m* annually. 0.4-0.5
million m*/year of small-sized and low value stemwood
will inevitably be left in forest to decay. The remain-
ing of the growing stock increment is accumulated in
stands. The greatest accumulation is forecasted dur-
ing the first decade, while during decades 9-10, the
accumulation is minimal, since the optimal volume of
mature stands is attained. According to the optimal
and saving final use strategies, the total use signifi-
cantly differs for decades 1-3 only, later the difference
decreases. This is caused by the fact that the scenar-
io of optimal use allows increasing allowable cut of
softwood broadleaves. At present, the accumulation
of mature softwood broadleaves is high, and leaving
them unfelled leads to a poor stock quality. The tim-
ber use in the maximal final use strategy over decades
1-7 is much closer to the mean gross annual increment.
However, in decades 8-10, having normalized the age
class structure and increased stand productivity, the
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Figure 7. Balance of the gross mean annual increment and
cuttings in forests of groups III and IV. The core strategy
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level of timber use converges for all three scenarios,
showing the total use of 10 million m?/year of stem-
wood overbark. During the first decade, the total use
should not exceed 7.5 million m*/year.

We have compared the dynamics of felling inten-
sity in state owned and private forests. In state for-
ests, 5.5-6.0 m*/ha/year are removed by all kinds of
cuttings (Figure 8). In private forests, cutting intensi-
ty is lower than in state forests until the sixth dec-
ade. An especially great difference is observed dur-
ing the first 10 years. This is caused by several rea-
sons. First, the present volume of state forests is great-
er, especially in mature stands. Second, the small av-
erage size of private holdings limits the rates of final
harvest. Third, no cuttings are performed in forests
reserved for privatisation, except salvage cuttings. The
fourth reason is the difference in age class structures
of state and private forests.
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Figure 8. Forecast of the total wood use and mean gross
annual increment in forests of groups III and IV. The core
strategy

Differences in the total use intensity are mainly
preconditioned by variation in the final use. During
three decades, the final use intensity in private for-
ests increases from 1.8 to 3.4 m*ha. During the fifth
decade, cutting intensity in the forests of both own-
ership forms becomes similar and further remains alike.

According to standwise inventory data, the mean
gross annual increment in state and private forests is
very similar (Figure 8). Increment decrease is forecasted
for two and three decades in state and private forests,
respectively. This is related to the accumulation of
mature and premature stands, increased use and a
greater amount of young age class areas yielding less
timber.

If more intensive thinnings are introduced with-
out a delay, a significant rise in increment can be ex-
pected in state forests in the third decade. In private
forests, similar increase is expected in the fourth dec-

ade. In decades 5-6, the increment will reach 6.6 m3/ha
in all forests.

The dynamics of timber resources

The core use strategy predicts an increase in
growing stock resources by 90 million m® over 100
years, i.e. 0.9 million m® annually. In the case of sav-
ing and maximal use strategies, the expected increase
is 96 and 84 million m?, respectively (Figure 9). The
maximal use strategy fails to sustain a constant aug-
mentation of the growing stock volume in decades 2-
4 due to the present age class structure. In decades
8-10, growing stock resources in forests of groups III
and IV will become stable, because the age class struc-
ture is optimised and the stands are grown in order to
increase the volumes of mature stands.
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Figure 9. Dynamics of growing stock resources in forests
of groups III and IV when applying various final use strat-
egies

Stock accumulation in private forests (Figure 10)
is highest over decades 1-2, because of the lack of
mature stands and uneven timber use. Further, the
stock accumulation gradually decreases and in the
tenth decade is negative due to the levelling of the
age class structure and the timber use balance. In state
forests, the stock is accumulated most rapidly during
decades 4-6. After accumulating 230 million m* of stem-
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Figure 10. Forecast of the growing stock dynamics in for-
ests of groups III and IV. The core strategy
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wood resources in private forests and 185 million m?
in state forests, it would be possible to attain the
desirable conditionally optimal forest yield and use
level in decades 9-10. During the next century, forest
areas will undoubtedly enlarge due to afforestation (cf.
Section 2.1) and timber resources will be even higher.

The mean stand growing stock will increase due
to the rise of the total growth and improvement of its
accumulation in forests. Another reason is a higher
mean stand age compared to the present (by four years
in state forests and by seven years in private forests).
The average age of stands should reach 57-58 years
at the end of the simulation period and subsequently
remain stable.

We have simulated several scenarios but, in this
paper, we will confine in-depth analysis to the core
scenario that best fulfils the criteria of sustainability.
With its 18 million tons carbon dioxide emissions per
year (data of 1995), Lithuania constitutes just 0.08 per
cent of the global carbon dioxide emission (Kairitks-
tis 1997). The normalisation of the forest age class
structure would allow offsetting the increase in car-
bon emissions even if they double during the next two
decades. Thus the presented scenario of forest man-
agement regime with a larger timber reserve should
fulfil the requirements of the Kyoto Protocol (Watson
et al. 2000). Otherwise, only 7 per cent in all energy
balance of Lithuania are covered by wood based fuel.
Rational use of cutting and sawing residues could
increase this to 12 per cent. Increasing cuttings dur-
ing the first three decades would augment the amount
of wood waste fuel.

Economic assessment of the core forestry strat-
egy in Lithuania.

Simulation of the core forestry strategy allows us
evaluating the profitability of the state forest sector
with respect to timber use. The evaluation was done
for the nearest three decades due to unpredictable
timber market and world economy situation in the dis-
tant future. For calculating direct costs of silvicultur-
al treatments and timber harvesting, current normative
prices were used. The prices are based on the latest
statistics and approved by the Department of Forests
and Protected Areas under the Ministry of Environ-
ment. Significant changes in the costs structure of
forest operations are inevitable. Labour, capital, and
energy costs as well as labour productivity should
significantly increase after Lithuania joins the Euro-
pean Union. The prediction of revenues is also uncer-
tain, even if the current timber prices are close to the
of West European level. The sensitivity analysis of
Lithuanian forest sector profitability under the simu-
lated core forestry scenario was done by Cinga (Cin-

ga 2000). An increase in labour costs by 20 per cent
would set the profitability of the state forest sector
at zero level for two decades. Only in the third dec-
ade state forest sector could expect slightly positive
net revenues. If, in addition to increased labour costs,
we add 10 per cent increase in capital and energy
costs, the Lithuanian state forest sector becomes un-
profitable for the two coming decades. The rise of
forest labour efficiency and the decrease of forest
management costs must be considered. It is evident
that state forestry decision makers will have a hard
work to manage Lithuanian state forests without state
subsidies.

Discussion

As any large-scale forestry scenario model, KUP-
OLIS has its weak and strong sides. Two methodolog-
ical principles allow us minimising the accumulation
of deviations of the results in a long time horizon (100
years). The annual budget of final cuttings is re-opti-
mised at each step using the principles of dynamic
programming, while other forest management activities
are modelled using the iterative simulation. The expe-
rience of EFISCEN (Nabuurs ef al. 2001) shows that
already after 50 years projection, deviations start to
accumulate and enhance each other through feedback
mechanisms. The weakest point of the model is that it
does not use direct measurement data of tree incre-
ment. Therefore, even if the model used for deriving
the gross annual increment from growing stock meas-
urements is reliable, the bias of simulated results can
be inevitable. Preliminary analysis of mean gross an-
nual increment data collected by the National Sampling
Inventory of Lithuanian Forests (Kuliesis 2000) shows,
that the standwise inventory underestimates the ac-
tual increment by 7-15 per cent. This might be explained
by several reasons:

* Systemic reduction of growing stock through the
standwise inventory process,

* Inadequacy between the radial increment that was
fixed during the construction of growth models and
actual increment at present,

* Acceleration of increment determined by the
global climate change.

This issue needs a more thorough investigation
using a higher number of tree increment data of the
National Forest Inventory and permanent investiga-
tion plots.

A key problem in applying KUPOLIS to an oper-
ational planning at an estate level is the absence of
the adjacency constraint in the subsystem of final
cutting. Due to periodically recurring windfalls, clear
cutting areas must be adjoined in spatial and time
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scale. We should emphasize that forest management
regime strategies were elaborated without taking into
consideration of effects by climatic fluctuations and
natural disturbances on the timber increment. Also,
interactions between the market situation and timber
use have been not considered.

Nevertheless, the model has found its applicabil-
ity at the national level and forest enterprise level. At
the national level, two negative tendencies in forest
regeneration practice have been revealed. If strictly
following forest regeneration according to previous
standards of goal tree species, the area of birch would
decrease by 50 per cent over 100 years. In case for-
ests are regenerated according to the current species
composition of young stands, during 100 years, the
area of pine stands will remarkably decrease, while
spruce will expand. At an individual forest enterprise
level, the model is used as a tool for forest manage-
ment planners to find the minimal level of cuttings that
is needed to ensure profitability. Also, the levels of
sustainable and maximal timber use can be estimated.

Considering the results simulated for Lithuania,
the assumptions of the presented scenario should be
discussed along with the sustainability of forest man-
agement practices.

According to our core forest management strate-
gy, the mean growing stock in forests of groups III
and IV will rise from present 190 m3/ha through 230
m’/ha in 2050 to 245 m3/ha in 2100. Biodiversity, con-
servation and nature-oriented forest management sce-
nario for European forests (Nabuurs ef al. 2001) shows
the rise of the mean growing stock from 142 to 250 m?/
ha and remains at the same level as in the maximum
sustainable production scenario in 50 years period. The
average age of simulated forests in Lithuania will rise
by 6 years during 100 years period, while in Europe,
following two marginal scenarios, it could increase by
17 years or decrease by 8 years (Nabuurs ef al. 2001).
In the first case, European forests get older due to
increasing area of set aside areas from 4 to 12.3 mil-
lion hectares or 8.6 per cent of all forests. In our sce-
nario, 15.8 per cent (forests of groups I and II) were
fully excluded from the timber use calculations. Due
to the ingrowth subsystem based on random simula-
tion, natural mixture of tree species in stands is war-
ranted for the whole simulation period despite of de-
creasing profitability. This prevents us from overesti-
mating the future incomes as well as allows ensuring
at least the current level of tree species diversity.

We cannot directly compare Lithuanian and Eu-
ropean simulation figures, since a lot of specific fac-
tors are affecting the forecasted results. Our core strat-
egy is an increasing timber use strategy based on tim-
ber increment balance. At the same time, the strategy

envisions a close to nature-oriented forest management
as described by Nabuurs et al/. (2001) rather than
management for the maximal sustainable production.

Resume

The presented core forest management strategy
is based on the gross annual increment balance and
its regulation. Forest growth results may vary depend-
ing on forest regeneration method and stand thinning
regimes. These depend on economic conditions and
the development of forestry and timber industry in
Lithuania. Growing stock scenarios may be compared
to the actual forest use and applied to scrutinise rea-
sons for differences between the forecasted and ac-
tual forest use.

The loss of unusable timber can be minimised by
the intensification of silvicultural treatments, especially
in young stands. Management intensification would
ensure long-term annual use of 8 million m? of mer-
chantable wood from the present forest area of groups
IIT and IV. In second and third decades, the use may
exceed 8 million m*/year due to significant accumula-
tion of mature aspen, alder and birch and an increased
share of mature coniferous stands. The planned inten-
sive management should increase the total growing
stock and volume of mature stands. Finally, it will in-
crease the stability and resistance of forests as well
as their ecological value.

The study has revealed that a simulation can dis-
close unfavourable forest use periods and identify the
consequences of unsuitable management. Timely mod-
ifications of forest regeneration, growing and use strat-
egy may smooth down the negative economic effect
of unfavourable periods and improper management,
harmonize the development of forestry and timber
processing sectors.

Under changing economic conditions, facing new
demands by the society, or having improved forest
resource assessment data, it is always possible to
investigate new forest management and use alterna-
tives by means of KUPOLIS.

The model can be developed further in two main
directions. First, the current version can be improved
by creating modules of non-timber forest resources,
preservation and recreation functions, and adding
adjacency constraints to the subsystem of final cut-
tings through the use of digital maps. The second
direction is to replace standwise forest inventory data
by the data of national statistical forest inventory
enabling the investigation of the bias in timber incre-
ment results.
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MOJIEJIMPOBAHUE CIIEHAPUEB BEJIEHUs JECHOI'O XO3SIMCTBA U AHAJIU3
AJIBTEPHATHUBHOI'O PA3BUTHUA JIECHBIX PECYPCOB JIMTBbBI B XXI BEKE

J. Harpayckac, A. Kynemuc
Pe3siome

JlecHast MoAMTHKA MOCTOSTHHO OMMPAETCSl HA PE3YNBTaThl JIECOXO3AHCTBEHHON MPAKTHKH, HE MEHEE JUIl Hee BaXKHO
NpeIBUICHUE PEe3yJbTaToB BO3MOXKHBIX CIICHAPUEB Pa3BUTHUS JECHOTO Xo3sdicTBa Ha Oyaymee. /s MomeaupoBaHUs
CLICHAPHEB JIECHOTO X034KcTBa JINTBBL U OLICHKHU Pa3BUTHsL JICCHBIX PECYPCOB CTpaHbl, IPU aJbTEPHATHBHBIX CLEHAPHUIX
BEIICHUS X03siicTBa, ObuTa paspadorana moxens KUPOLIS. B ocHOBY MOZenH MOJIOKEHBI MOAETH POCTa, MPABOBBIE U
X03SICTBEHHBIE HOPMATHBBI PETYITHUPOBAHUS BEJEHHUS JIECHOTO XO3AHCTBAa CTPaHBI, TPeOOBAaHUS sl 0OecrmedeHHs
HETIPEPHIBHOTO, CTA0MIILHOTO U HEUCTOLIUTEIBHOTO JIECOTIOIb30BaHUS HA JUTUTENILHYIO NIEPCIIEKTHBY.

[IpumeneHne MoJIeNIN IEMOHCTPUPYETCs MPEACTaBICHUEM Pa3BUTHs JIECHOTO X035 CTBa U JIECHBIX pecypcoB JINTBBI Ha
XXI Bek. B craThe npuBOIATCS pe3ysIbTaThl OLEHKU PAa3HBIX CLIEHAPUEB Pa3BUTHUS JIECHOIO XO3sKcTBa cTpaHbl. OleHKa
CYIIECTBYIOIIEH MPAaKTUKH JICCOBOCCTAHOBJICHHS CTPAHBI ITOKA3bIBAET CYIIECTBEHHOE YBEIMUCHUE EJIOBBIX JIPEBOCTOCB U
COOTBETCTBEHHOE yMEHBIIIEHHE TIIONa el COCHSIKOB B Jiecax OyAyIIero. YBeqwdeHHe Tomaaei JyOHAKOB, MpeIBUICHHOE
JIOKYMEHTaMH Pa3BUTHs JIECHOTO XO3iHCTBA CTPaHbl MOTPeOyeT CyIIEeCTBEHHOTO YBEIMYEHUS CPEJCTB I JIECOBOC-
cTaHoBJIeHNs. VIHTEHCUBHBIA yXOJ 32 MOJIOJHSIKAMU Ha OoJiee NMPOJYKTUBHBIX YCIOBHSX MECTONPOU3PACTAHUS MO3BOJIUT
CHHM3WTH HATypalbHBIA OTHAJ, YBEJIUIUTH CTAOMIBHOCTE JPEBOCTOEB U JONIO JPEBECHHBI, HAKAIUTMBAEMOI JUIs TJIaBHOTO
MONTB30BaHuUs. MIHTEHCH(UKAIHS JIECHOTO X034 CTBA TTOCITYKHUT JTydIIeMy BBITOIHEHUIO JTECAMH IIPHPOJOOXPAHHBIX ()YHKITHHA.

KiodeBble cjioBa: JIeCHbIE pecypchbl, MOJCIMPOBAHUE CLEHAPUEB, CTPATErMYeCcKOe INIAHUPOBAHUE, MPOLYKIH
JIPCBECHHBI, T0JITOCPOYHOC MTPEIBUICHUEC
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