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At thc moment in Estonia a new Forest Act is worked out, which may change the maturity norms of the forests.
The aim of the present study was to analyse the impact of changing the maturity ages and comparc the results with the
situation. when the maturity age is determined by the profit. The results of the modelling indicate, that the increasc of
the maturity age will decrcase the annual yicld and profit from Estonian forests.
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Introduction

When a forest has reached the maturity? There can
be different answers, depending on the final product,
which we want to get from the forest. The maturity can
be determined by different criteria, for cxample:

1) the maturity by the volume, when the goal is
to get the biggest possible harvested volume per year
(maximum mean annual increment of the yield of as-
sortments);

2) the technical maturity, when the goal 1s to get
the biggest possible volume of merchantable wood per
year (maximum mean annual increment of merchanta-
ble wood);

3) the maturity by price, when the goal is to get
the best possible price per year {maximum mean an-
nual increment of timber price);

4) the maturity by profit, when the goal is to get
the best profit per year (maximum mean annual incre-
ment of timber price);

5) the biological maturity, when the forest stand
1s cut in the end of its life cycle.

According to the Forest Act the production forest
is classified as mature, if one of the maturity indicators
(age or diameter) has been achieved. The maturity by
the volume 1s achieved first, the next will be the tech-
nical maturity, then maturity by the price and finally the
maturity by the profit. Much later the biological matu-
ntv will arrive. Usually the maturity age or the maturity
diameter 1s fixed by the Forest Act. At the moment in
Estonia a new Forest Act 1s worked out, which may
change the maturitv norms of the forests. The aim of
the present study was to analyze the impact of chang-
ing the maturity ages and compare the results with the
situation. when the maturity age 1s determined bv the
profit. The following maturity norms were analysed:

1) the valid official maturity norms stated by the
Forest Act from the year 1998 (Table 1);

2) the maturity norms, proposed by the project of
the Forest Act (Table 2);
3) the maturity calculated by the profit.

Table 1. The valid maturity norms enforced by the Forest-
ry Act from the year 1998 (maturity age, years / maturity
diameter, cm) (Forest Act 1988, Regulation of the maturity
age 1999)

. Site index of stands -

Dominant -

tree species In 1 11 11 v vV

Pine | 100728 | 100/28 | 100728 | 100/26 | 100/ 24 | 100/22
Spruce | 80727 [ 80726 | 80/24 | 80/24 | 80/22 | 8018
Birch 170724 | 70723 | 70722 | 70720 | 70718 | 70/16

|

Non 100/32 | 100/31 | 100730 | 100/29 | 100/28 | 100/27 |
(comferous | ’
\_hardwood |

Table 2. The maturity ages, proposed by the project of the
Forest Act /11/ (maturity age, years / maturity diameter, cm)
(http://www.envir.ee/oigusaktid/eelnoud/)

Dominant | Site index of stands
nt

! - : =]
ee species | Ia Lol m | v
Pine [ 90/32 | 90/30 | 100730 | 120/30 | 100/28 | 140/ 26
|

Spruce [ 70729 | 80/28 | 90/27 | 100726 | 100/23 | 100/ 20
Birch. black | 60/26 | 70/26 | 70/24 | 80/23 | 70/19 | 70716
alder i !

Aspen 50 6| 50 50 50 )
Non [700/32 | 90/30 | 100/30 | 120/30 | 100/28 | 140/ 26
coniferous i
| hardwood |

Methods

Estonian forest inventory data generalised by A.
Kiviste (1995) served as start point for stand-wise sim-
ulation of the growth. thinning and final cutting to
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evaluate the impact of different maturity norms on
annual yield and profitability of Estonian forests. The
method of calculation has been earlier used in model-
ling the demand-supply balance of wood fuel
(Muiste&Padari 2002). As the best characteristics to
determine the forests growth and productions are site
type (giving information about species compositions
of forest stand and moisture regime of the soil) and
site index (describing the rate of trees growth), the
average annual yield of assortments was calculated
for every site type in every site index. Mean annual
increment (MAT) of the yield of assortments, MAI of
assortments’ price and MAI of profit were the output
variables of the simulation. The stages of calculation
were the following:

1. Growth of forest was simulated with models,
created by A. Kiviste (Kiviste 1995, 1997). In these
models the thickness of organogenic layer of soil
(OHOR) was used to characterize the sitc type. Initial
data (age, height, diameter, number of trees and vol-
ume per hectare) were found by using the model de-
scribed above. These parameters were calculated for
all tree species for every OHOR and for every site
index, when the average diameter (mean DBH) was at
least 7,5 em.

2. Taking initial data as the base and using growth
models by A. Kiviste (Kiviste 1997, 1999) models, the
growth of forest (the diameter and the height) was
simulated year by year. Besides equations of growth,
diamecicr dependency on stand density was consid-
ered. This model (created by Artur Nilson and Allar
Padari) is not published, but has been used in the
information system of the Estonian State Forest Man-
agement Organization. Also the natural fellout was
considered.

3. The simulation programs checked the fit for
thinning using the models by H. Korjus (Korjus 1999).
Since in real life is difficult to organize thinning in
optimal time, the norm of density (recipial of square
root density, somewhat similar to tree distance) for pre
commercial thinning was increased by 5 %. When the
appropriate density level was achieved, the thinning
was simulated. Mean diameter of the trees thinned was
less than initial one of the stand.

4. The quantities of different assortments were
calculated for every year for all trees. The tradjtional
forest inventory in Estonia is focused on indusirial
wood (sawlogs, pulpwood and traditional fuelwood)
and does not include information about forest resi-
dues. In the present study these residues were also
included in the calculation. For calculation of volumes
of assortments several models were used:

» Trees were divided into diameter classes by
normal distribution (Padari 1999);

» Height for every diameter class was calculated
(Padari 1999);

* Volumes of different assortments were calculat-
ed according to the diameter and height, using the
equation of taper curve formula by R. Ozolins (Stand-
ard of Forest Inventory 1988). This equation is wide-
ly used in calculation of volumes of Estonian forests.
Assortments were divided into different groups by top
diameter and the volume of top was added to the vol-
ume of branches;

* The volumes of branches were estimated rough-
ly as a percentage of the volume of the stem — 7% in
pines, 6% in birch and 8% in other tree species (Ref-
erence Book of Forestry 1966).

* The calculated volumes of assortments were
corrected according to percentage of damages and
defects, which depend on the tree species and the age.
After that the effect of crook and the knotty were
calculated (Padari 1999).

* The volumes of logs, small dimension logs and
pulpwood were calculated without bark, the fuel wood,
tops and branches with bark. The volume of leaves
and needles was not included in the calculation.

5. The age of clear cutting was found separately
for different maturity norms. If the age of maturity
determined by the laws and other regulations was
achieved earlier than the age of maturity by the prof-
it, the last one was selected. The age of clear cutting
was selected by profit maturity, which was found by
comparing incomes and expenses for every year. In the
calculation of the income the average prices of assort-
ments, the cost of harvesting and the afforestation
were used. The calculated profit was divided by age
of forest stand, giving the average profit per year. The
age of the greatest annual profit was set as the matu-
rity age.

6. The volumes of calculated assortments from
thinning and final felling were compounded. These
sums were divided with length of rotation period and
resulted average annual production of assortments of
every site index, every OHOR and every tree species.

7. Next, the composition of trees species for eve-
ry sites type and for every site index class were found
as average of similar stand groups of {orest inventory
data in the database of state forests. Then the produc-
tions of different assortments were calculated. Accord-
ing to the composition of tree species of site types, the
productions and profit of different site types and quality
classes were calculated. The productions were not cal-
culated for strictly protected forests and for protected
forests 50 % of the potential was taken into account.
These forests were located only in state forests.

8. As in reality it is impossible to harvest forest
always in optimal time, the results were decreased by
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15 %. Among the reasons, which may decrease the
yield, the following can be pointed out;

« the delay of harvesting due to the afforestation
time (stated by the Forest Act) of neighbouring fell-
Ing areas;

+ on some remote sites and in heavy soil condi-
tions the harvesting may be unprofitable;

« it is complicated to give prognosis of some
types of forest damages (forest fires, windstorms, wild
animals ete.), which may decrease the production and
profit.

After estimation of the production capacity of
forests of different site types and site indexes, the data
on distribution of forest areas by site types and site
indexes are needed. The available information about
state forests is reliable, as the inventory data are up-
dated continuously. But only a part of private forests
is described by fresh inventory data. To describe all
private forests, the data about state forest enterpris-
es, state and collective farms from the period 1982-1993
was generalized. From the summarized tables describ-
ing site types and quality classes of these forests, the
data on state forest were excluded. In this way the dis-
tribution of private forests by site types and quality
classes was obtained. Due to the afforestation of
abandoned agricultural lands during the period 1982
— 1993, the forest area has enlargeed. For these cor-
rections the remote sensing data on Estonian forests
was used (Peterson 2001). According to this data, the
forest area of Estonia 1s 2 157,8 thousand ha. It in-
cludes also the forest land, which was not covered by
forest inventory before 1993 (former Soviet military
areas).

Results

Based on the data on production capacity ol dif-
ferent assortments of different types of forests, the
sums of areas for different site types and quality class-
es were found. The calculations were carried out by
communes separately for state and private forests. The
final results of the calculation are presented in the
tables — in Table 3 the annual yield and the profit, in
Table 4 the diameters, corresponding to the maturity
age by profit.

Conclusions

Based on the results of the calculation (Table 3),
it is possible to draw the conclusions. If the Estonian
forests are managed according to the valid Forest Act,
the annual yield in the long run will be 7,085 Mm®. But
if the project of the Forest Act is enforced, the annual
yield eventually will be 6,730 Mm*. Among the three

Table 3. Annual yield and profit for different maturity norms

] Volume, thousand m*/year i
En Annual
2 Tree - - profiy,
& =
g | species Sl ] | Tops, | million
= di Pulp- Fuel . EEK
Logs 3 Tl bran- o
y sion wood waind BL
ches
logs
Aspeu 89.0 274 | 1939 | 1396 | 100.2
4660 | 3089 | 9092 | 1312 410.0 ]
" 9711 8RO | 5368 114,5 296.5 900,19
5 2 ) 2 s 9 J
= 560 | 291 160,0 s4.d 15.44
g ]
19 4,6 33 156,1 1640 40,3 0,60
- 10263 | 5002 | 714, 164 833.10
- 15.5 10,9 | 123 | 20,14
78 26 36 | 9,33
Total 2636, | 12713 | 23540 | 8236 | 228784
Aspen 74,3 202 | 1977 | 1550 | 25,18
5 | Birch 4565 | 2483 | 8539 | 2807 | 432,09
“ | Spruce 936,8 | 3063 | s43 | 1600 | | 842,60
£ | Bluck
5 473 2 2,
5 | aider ; 19,9 166, 12,60
8 [ 40 30 1510 | 1581 183 0.55
Q . s — +
0 16:14.2 4207 G150 34,2 2084 _|'J ‘_i.l._’___d____..—
& 73| 95 11 17,9 7.6 | 2241
& 1.7 21 R 13.0 14 9.04
N | 25580 | 10301 | 21809 | 9614 | 67304 | 11747 | 214606
85,0 248 | 1959 | 148.0 | 4544 27,84
" 4726 | 3218 | 9220 | 2039 | 1v208 467.27
g 9528 | 461,8 | 5365 82.6 | 20516 521,30
&
o 55.1 287 160,3 | 2440 54,4 15,19
€ 3.2 25 156,1 lal8 g8
z
E 9400 | 6258 | 8369 68 | 24093 4223
= 153 | 109 | 5.0
1.6 2.9 e 1.8
25323 | 14792 | 25113 5| 13538 [
Table 4. The Dominant Site index class of stands

diameters of | weespecies [ Ta | [ [0 [ W[V [ V|

maturity caleu- | Pine [27 [ 26|23 [22 20 [ 19|
lated by the | Spruce 1261231201918 ] 15 |
Birch 28 | 25 | 22 | 19 | 16 | 12

profit [Blackalder [ 27 |25 |22 [ 19|17 | 14

Aspen |25 123120201919 |
Hardwood | 32 | 30 | 28 | 24 | 21 | 19 |

alternatives (the valid official maturity norms stated by
the Forest Act, the maturity norms, proposed by the
project of the Forest Act and the maturity norms cal-
culated by the profit), the biggest annual harvested
volume (7,296 Mm*) and the profit can be achieved, if
the maturity of the forest stands is determined by the
profit. From the economical point of view the worst
choice is, if the harvesting is carried out according to
the regulations of the project of the Forest Act. Then
the total harvesting volume will be 566 thousand m® less
than in the case of determining the maturity by profit
and 355 thousand m? less compared with the valid reg-
ulations. Also the profit will be decreased, correspond-
ingly by 192 million EEK and 142 million EEK. Only the
volume of traditional fuel wood will be biggest, if for-
est harvesting is carried out according to the regula-
tions of the project of the Forest Act. It is caused by
the increased volume of the rotten trees.
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The data presented in Table 3 characterize the
situation, if the age distribution of forests is normal.
Today the share of older forests is relatively high and
the real harvested volumes will be bigger. But the main
conclusion can be generalized to the present structure
of the forests also — if harvesting is carried out ac-
cording to the regulations of the new Forest Act, in-
creasing the maturity age or the diameter, it will give

significant recession from the economical point of

view. To increase the profitability, the maturity diam-
eters should be decreased.
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AHAJIM3 BO3PACTA CIIEJIOCTH JIECOB DCTOHCKOHM PECITYBJIMKU

A. Mapapu, I1. Myiicte

Pesome

B Derounn B HacTosiuce BpemMs paipabateBatoT HOBLI JIcCHOM 3aKOH, KOTOPBIA MOKET MEHAThH HOPMBI CTIETIOCTH JIECOB.
Heneto ganHol paGoThi ObLI aHAIN3 MOCICACTBHIT HIMECHEHHA BO3pacTa CeNOCTH JIeCOB H CPABHEHME ¢ CHTyalnel, Korua
ROIPACT CMENOCTH ompenenaeres no npulsiunt, PesyibtaramMu pacycrta JoKa3aHo, 4Tto obbem pyGrs 1 nipubniin

YMCULIWAKTCH, €CIH YBCIHMUNTL BCNDACT CRCIOCTH.

KimoueBwie ciiona: HOPMBIL CTIEIOCTH NIECOB, 00beM PYOKH, NIPHOBIIL
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