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DETERMINATION OF STEM VALUE

LUO FUHE

Seloste

RUNGON ARVON MAARITTAMINEN

Saapunut toimitukselle 1. 7. 1983

A dynamic programming approach toward stem value estimation for standing Scots pine trees was developed. The

determination of the saw log value was based on the sawing pattern and on the final products composition. The

combination of taper curve models and bark models provided taper curves both over bark and under bark, which

constituted the basis for the optimum stem scaling. A computer program was developed to determine the optimun log

sequence of the stem aiming at maximizing the value of the final products. To examine the reliability of the

Cl)ln})ll[li[i()n system,

445 Scots pine sample trees from 29 stands were used as a test material. The stem values of

sample trees were calculated in two ways: (1) with 12 measured diameters and (2) with 12 estimated diameters

derived from measured tree characteristics. In both cases the values of the intermediate diameters were calculated via

cubic spline interpolation.

1. INTRODUCTION

In theory, the amount of lumber and other
final products should determine the stump-
age price of the stem. More than 100 log rules
have been developed in the past 150 years,
and all purport to approximate the lumber
vield of a log when its small end diameter and
length are known (Hallock 1979).

The stumpage price of a stem is also af-
fected by other factors, logging, transport,
and manufacturing costs being the most
important ones. If these additional costs can
be regarded as constant per volume unit, then
relative stem value can be determined as the
sum of the values of the final products.

The determination of stem value can be
approached as follows: (1) determine the
unit prices of the final products and their
composition for a given log, (2) determine the
taper curves of the stem over and under bark
and (3) determine the optimum scaling of the

stem aiming at maximizing the total value of

the final products.

For standing trees, taper curve models and
bark models are needed. These models
should give taper curves over and under bark
as a function of measured standard tree
characteristics.

Kilkki and Varmola (1981) developed
taper curve models for Scots pine. Pdivinen
(1978) developed models for bark thickness at
breast height. Heikurainen (1982) prepared
models for bark thickness at all heights of the
stem. The application of these results gives
the basis for determination of the stem value
for a standing Scots pine.

This study attempts to develop an al-
gorithm for maximizing the stem value by
seeking out the optimum log sequence for the
stem. The scaling is based on stem dimen-
sions and it is assumed that no stem defects
exist.
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2. DETERMINATION OF LOG VALUE

The logical starting point in valuation of
the stem is the determination of log value.
This procedure calls for summing up all the
sales values of the final products of the log. It
is assumed that boards of equal thickness,
slabs, sawdust, and bark are the ”products”
of a log. ‘

The sawing pattern used in this study can
be classified as live sawing (Richards et al.
1979). The following basic relations are in
accordance with The International Log Rule
devised by Clark in 1906 (see Avery 1967):
the board thickness is 2.54 centimetres (1
inch) for each board-cut, 0.3175 centimetres
(1/8 inch) will be lost in saw kerf and 0.1588
centimetres (1/16 inch ) in shrinkage. Figure
1 presents the geometrical principle upon
which the algorithm is based. The first board
(opening face) is of minimum allowable
width, 10 centimetres. The length A can be
calculated as follows

A = V/(D/2)? = (WBMIN/2)?
where WBMIN = the minimum width of board
D = the diameter of the circle.

After the first board-cut

A =A-T
where TB = the total thickness of one board + one saw
kerf + one shrinkage.

The board widths after the first board are

WB = V2(D/2)?- A",

vhere WB = The board width.

When the board-cut passes the circle cen-
ter, the formula changes to

A=A+T

Finally, the areas of cross cut sections of
boards, saw kerves, and shrinkages are added
separately. The difference between the total
area of the circle and the sum of these parts is
the area of slabs. These results can be trans-
lated into percentages. Figure 2 presents the
percentages of boards, slabs, sawdust, and
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shrinkage as a function of diameter of the
circle, when D ranges from 100-500 mil-
limetres. The smoothing curve has been
made by hand.

If a log has a cylindrical form, the volumes
of its products are reached by multiplying its
total volume by the corresponding percent-
ages. For a real log, however, allowance for
taper should be made. Figure 3 shows the
assumption concerning taper allowance. A
sawlog is divided into one cylinder, some
tubes and slabs. Lengths of tubes are equal to
the lengths of boards fixed in advance. Ac-
cording to the top diameters of the cylinder
and tubes, the percentages of the component
products are derived from the smoothing
curve. The volumes of different products are
summed.

A = J(D/2P— (WBMIN/2)?

A= A—T

WB = 2 J(D/2)2_nA?

Fig. 1. Geometrical principle of the sawing pattern.

= PERCENTAGE OF SHRINKAGE
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BOARD THICKNESS 25.4mm (1 inch)
SAW KERF THICKNESS 3.175 mm ( 1/8 inch)
SHRINKAGE THICKNESS 1.588mm ( 1716 inch)
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Fig. 2. Percentages of final ;;roducts.
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Fig. 3. Division of one sawlog.

In order to estimate the bark volume of a
log, the bark thickness at every point of the
log must be known. The difference between
the over bark and under bark log volume
estimates equals the bark volume estimate.

The volumes of the log components are
multiplied by their unit prices. The sales
value of the log is:

<
|

= i Vi W,
i=1

= sales value of the log
= volume of the i component
/; = unit price of the i component
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3. OPTIMUM SCALING OF THE STEM

3.1. Determination of the taper curve

Log value information is utilized in stem
valuation. For a felled tree, different alterna-
tives of log sequences can be analysed, be-
cause a sufficient number of the stem diame-
ters is easily measurable. For a standing tree,
the taper curve estimation is the basic pre-
requisite for the optimization procedure.

Kilkki and Varmola (1981) have developed
taper curve models for Scots pine. Using
these taper curve models, 12 relative-height
diameters over bark can be derived after a
few measured variables such as height of the
tree, diameter at breast height, diameter at 6
metres height, and crown height have been
given as inputs. A natural cubic spline func-
tion is employed to interpolate the intermedi-
ate diameters; thereafter a continuous taper
curve estimate of the stem over bark is avail-
able. Heikurainen (1982) has developed mod-
els for bark thickness at all heights of the
stem. Bark thickness at breast height plus a
few other tree characteristics are the inputs in
his models. Péivinen (1978) developed mod-
els for bark thickness at breast height. Results
from these two studies have been employed in
the derivation of the under bark taper curve.

3.2. Stem value maximization

Optimum scaling of the stem is based on
the principle of dynamic programming (see
e.g. Hillier and Lieberman 1980; Strand
1967). A stem can be divided into m sawlogs,
withm = 0, 1, 2, ... If there are n different
standard lengths of sawlog, the core of the
stem value maximization is to find out the
optimum log sezuence from a total of m"
theoretical log sequences. In practice the
number of possible sawlog sequences is less
than that figure.

Figure 4 illustrates the stem value maximi-
zation procedure in this study. The possible
cutting points of the stem are located at 10
centimetre intervals. At an arbitrary point I,
the first possible arrangement is the optimum
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log sequence at point M,, 10 centimetres
backward to the bottom of the stem, plus one
10-centimetre-long pulpwood section if the
diameter at point I is larger than of equal to
the minimum diameter of pulpwood logs.
The value at point I of the first arrangement
is equal to the maximum value at point M,
plus the value of that pulpwood section. If the
diameter at point I is larger than or equal to
the minimum diameter of sawlog, the second
possible arrangement is the optimum log se-
quence at point My, 4.0 metres (minimum
lenght of a board) backward from point I,
plus one 4.0-metre-long sawlog. The value of

\/

«— 10cm -~

-~ 4.0m—

~— 43m—>

oV

6.1 m—m—>
longest sawlog
Fig. 4. Optimum scaling procedure.

the second arrangement at point I is equal to
the maximum value at point M, plus the
value of that 4.0-metre-long sawlog. This re-
cursive prosedure continues until the last
possible arrangement, the longest sawlog plus
the optimun log sequence ot point M, is
examined. Of all arrangements, the one hav-

ing the largest value represents the optimum
log sequence at point I and its value is the
maximum value at point I.

This maximizing routine starts from the
stump height of the stem (1 percent of the tree
height), is executed at every 10 centimetre
interval and ends at the top of the stem.

4. COMPUTER ALGORITHM

The structure of the computer system de-
veloped in this study is illustrated in Figure 5.
For a felled tree, measured values of 12
diameters over bark at 1, 5, 10, 15, 20, 30, 40,
50, 60, 70, 80 and 90 percent of total tree
height are given as input. In order to estimate
the taper curve of a standing tree, a taper
curve model subroutine is introduced. The
subroutine requires diameter at breast height
and height of the tree as its input variables;
provisory additional input variables are the
diameter at 6 metres height and crown
height.

In order to get estimates for the intermedi-
ate diameters, cubic splines with arbitrary
second derivative end condition are employed
for computing an interpolatory approxima-
tion to a given set of points (see program
ICSICU, IMSL Library 2, 1977). In addi-
tion to the 12 relative-height diameters, three
extra diameters are given for the cubic spline
interpolation:

Do, = 5.0 mm
Diyw = 20D, p-Dagy
D_gsn = 2.1 Dgi=Dgsn

where D,, = the diameter at relative height n

The condition to be fulfilled is that the
diameters at all possible cutting points, given
by all possible combinations of different
standard lengths of logs, should be available.
Since the difference between two successive
standard sawlog lengths in this study is 30
centimetres, it was decided to calculate
diameters at 10 centimetre intervals.

The input variables of the first bark model

are diameter over bark at breast height,
diameter over bark at 6 metres height, height
of the tree, age of the tree, and effective
temperature sum zone of the stand location
(Paivinen 1978). The output variable is the
double bark thickness at breast height.

The input variables of the second bark
model are diameter over bark at breast
height, diameter over bark at 6 metres height,
height of the tree, age of the tree, crown
length, and double bark thickness at breast
height. The output variable is the double
bark thickness at every 10 centimetre interval
along the stem.

After the execution of these two bark mod-
els, taper curves over bark and under bark
are ready.

Formula

V = B;L
where B; = the cross section area at the middle point
of the stem section and
L = the length of the stem section

is used to calculate the volumes of the 10-
centimetre-long stem sections over bark and
under bark. The difference between these two
volumes is the bark volume.

The stem is divided into sawlog, pulpwood
and waste wood parts. The minimum top
diameter under bark of sawlogs is 160 mil-
limetres, the minimum top diameter under
bark of pulpwood log is 70 millimetres. For a
pulpwood tree, the length of pulpwood log
should be at least 2 metres. There is no
limitation for pulpwood log length in a saw-
log tree.
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The percentages of boards, slabs, sawdust
and shrinkage were read at 1 centimetre in-
tervals from the smoothing curve in Figure 2.
Linear interpolation was used for the inter-

MEASURED TREE

mediate diameters.

The program described was written in
FORTRAN 1V for the UNIVAC 1108 at the
University of Helsinki.

EMLOYMENT OF TAPER

r CHARACTERISTICS

12 MEASURED
DIAMETERS

CURVE MODEL

SETS OF

12 ESTIMATED
DIAMETERS
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BARK MODELS

CUBIC SPLINE

FUNCTION

TAPER CURVER

UNIT PRICES OF

BOARDS . PULPWOOD.

SLABS. SAWDUST,
AND BARK

SAWING PATTERN STEM VALUE
PERCENTAGES OF
BOARD, SLAB, MAXIMIZING
SANDLST PROCEDURE
AND SHRINKAGE

STEM VALUE

TIMBER ASSORTMENT

PRODUCT COMPOSITION

Fig. 5. Flow chart of the computer algorithm.

5. RESULTS AND DISCUSSION

5.1. Timber assortments and stem value

Taper curve model with given dbh and
height was employed to calculate sample re-
sults. For each dbh-height combination 10
values of the diameter at 6 metres height were
employed in order to avoid possible biases
attributable to the nonlinear relationship be-
tween the stem dimensions and stem value
(cf. Paivinen 1983). These values were picked
systematically at equidistant intervals from
the conditional distribution (dg | d,h). For
each taper curve its relative frequency was
employed as a weight.

An empirical formula derived by Kilkki
(1982) was employed to estimate the relative
crown height:

h./h = exp(-1.151-0.001367d+0.0699h
-0.0011h?)
where: h, = crown height

Age, years
120 1

100 1
80 1
60 1

40

20 A1

The tree age was derived as a function of
the tree height from the yield table of regular-
ly thinned pine forest growing on Vaccinium
forest site type, according to Koivisto (1959)
(Figure 6).

The unit ?rice of boards was assumed to be
350 Fmk/m” regardless of their lengths which
range from 4.0 metres to 6.1 metres. The unit
price of pulpwood was 150 Fmk/m? as for the
slabs. The unit price of sawdust was 60 Fmk/
m®, and the unit price of bark 50 Fmk/m®.
The volume contents of a stem are divided as
follows:

board volume
slab volume

stem volume

(over bark)

saw log volume
(over bark)

pulpwood volume
(over bark)

sawdust volume
shrinkage volume
bark volume

pulpwood volume
(under bark)
bark volume

wastewood volume
(over bark)

Y 5 10

15 20 25
Height,m

Fig. 6 Age curve for Scots pine stand on Vaccinium site.
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Table 1. The stem volume (over bark) as a function of d, ; and h, m®.

dis h,m

cm 4 6 8 10 12 14 16 20 22 24 26 28

8 .015 .018 .023 .027 .033 .038 044

10 .023 .028 .035 .042 .050 .058 .067 .076 .086

12 .033 .041 .050 .060 071 .082 .094 107 .120 133 .146

14 .045 .055 .067 .081 .095 110 126 143 .160 177 .193 .209 224
16 .059 .071 .088 105 123 142 .162 .183 204 .226 .247 .267 .286
18 .090 110 133 155 178 202 228 254 .281 .307 332 .356
20 111 135 .163 .190 .218 247 278 .309 .341 372 403 432
22 133 .163 .196 .228 .261 .295 332 .369 407 444 .480 514
24 .194 .233 .270 .308 .348 .390 434 478 521 .563 .604
26 .226 272 315 .359 405 453 .503 554 .604 653 .700
28 .262 314 .364 414 466 521 577 635 .693 .748 .802
30 .360 416 472 531 .593 .657 722 .787 .850 911
32 408 471 534 .600 .669 .740 .813 .887 958 1.026
34 .460 .530 .600 673 749 .829 910 992 1.071 1.148
36 D92 .670 .751 .834 922 1.012 1.102 1.191 1.275
38 657 743 .832 923 1.020 1.119 1.218 1316 1.409
40 .726 819 917 1.016 1.122 1.231 1.340 1.447 1.550
42 900 1.006 1.114 1.229 1.347 1.467 1.583 1.696
44 984 1.099 1.215 1.340 1.469 1.599 1.726 1.848
46 1.071 1.196 1.321 1.456 1.595 1.736 1.874 2.007
48 1.296 1.431 1.576 1.727 1.878 2.027 2.171
50 1.401 1.545 1.701 1.863 2.026 2.187 2.342

Tables 1, 2, 3, and 4 demonstrate some
results of the stem scaling algorithm. Table 1
shows the estimate of stem volume over bark,
table 2 the saw log percentage, and table 3
the board percentage as a function of the
diameter at breast height and height of the
tree. Table 4 presents the optimal top diame-
ter and log length of the first log.

5.2. Reliability of the algorithm

In order to examine the reliability of the
algorithm, 492 Scots pine sample trees were
tested. The sample trees were from 29 stands
located on mineral soils in Southern and
Central Finland. The site types of the stands
varied from Oxalis-Myrtillus type to Calluna
type (Cajander 1949), the majority of the
stands being from Vaccinium type.
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The stem values of these sample trees were
calculated in the two ways described above:
(1) 12 measured diameters are given as input;
(2) measured tree characteristics (height of
the tree, diameter at breast height, diameter
at 6 metres height, crown height, and age of
the tree) are given as inputs and 12 diameters
are estimated. In the comparison of the re-
sults between these two approaches, devia-
tion percentage was calculated as:

Vs — Vs

p = —=—100
s
where p = deviation percentage
v, = stem value calculated using 12 measured
diameters
¥, = stem value calculated using 12 estimated
diameters

In order to avoid having 0 value as the di-
visor, 47 sample trees with ¥, = 0 were omit-

ted, and the total amout of sample trees was
reduced to 445.

o mene——

Table 2. The saw log percentage of the stem volume as a function of d, 3 and h, %.

dis3 h,m

cm 4 6 8 10 12 14 16 18 20 22 24 26 28

8 .0 .0 .0 .0 .0 .0 .0

10 .0 .0 .0 .0 .0 .0 .0 .0 0

12 .0 .0 .0 .0 .0 .0 .0 .0 0 .0 0

14 .0 .0 .0 .0 .0 .0 .0 .0 0 .0 0 .0 .0
16 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
18 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0
20 .0 .0 .0 .0 3.1 15.2 24.7 329 38.2 409 429 45.4
22 .0 .0 51.0 69.0 66.4 63.6 59.7 61.4 63.1 64.5 64.4 64.7
24 .0 79.4 77.6 73.5 70.5 75.3 76.0 76.4 75.8 75.8 75.4
26 84.0 84.7 82.0 74.8 82.3 82.8 82.8 82.5 82.8 82.7 82.2
28 87.3 88.2 82.7 84.0 87.2 86.9 87.0 87.0 86.9 87.0 86.5
30 90.3 82.9 89.7 89.5 89.9 88.2 90.0 90.0 89.8 89.5
32 91.4 83.1 91.6 91.7 91.7 89.8 92.0 92.0 91.9 91.1
34 91.8 83.3 93.0 93.1 93.1 93.3 93.4 93.4 93.4 93.3
36 83.5 94.3 94.2 93.5 94.5 94.6 94.6 93.9 94.4
38 83.6 95.0 95.1 93.6 95.3 95.4 95.5 94.0 95.3
40 83.8 95.7 95.9 93.7 96.1 96.1 96.1 95.1 96.0
42 96.3 96.4 93.8 96.5 96.6 96.7 96.7 96.5
44 96.8 96.8 93.9 97.0 97.1 97.0 97.1 97.0
46 97.2 97.2 94.0 97.4 97.5 97.0 97.5 97.4
48 97.6 94.1 97.7 97.7 97.1 97.8 97.7
50 97.7 94.1 979 97.9 97.1 98.0 98.0

When the unit price of boards is assumed
to be 350 Fmk/m®, 2.3 times the unit price of
pulpwood, the average standard error of the
stem value estimate is 7.0 percent. If the unit
price of boards is increased to 700 Fmk/m?,
the standard error of stem value estimation is
increased to 12.2 percent. In the extreme
case, when the unit price of boards is equal to
the price of pulpwood, the standard error is
5.3 percent, nearly equal to the standard
error of stem volume estimation, which is 4.8
percent.

If only the expected value of dg was em-
ployed and the unit price of boards is 350

Fmk/m3, the standard error of the stem value
estimate is 12.2 percent and the bias 0.76
percent. These figures correspond to the re-
liability of the stem value estimates given in
section 5.1.

The positive bias in the stem value esti-
mates may be partly attributable to the rela-
tively large errors at the stem diameter esti-
mates. In order to avoid this bias, the average
stem value based on 10 different dg values
was tested (see section 5.1). However, no
significant reduction in the residuals was dis-
cernible.
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Table 3. The board percentage of the stem volume as a function of d, ; and h, %.

dis h,m

cm 4 6 8 10 12 14 16 18 20 22 24 26 28

8 .0 .0 .0 .0 .0 .0 .0

10 .0 .0 .0 .0 .0 .0 .0 .0 0

12 .0 .0 .0 .0 .0 .0 .0 .0 0 .0 0

14 .0 .0 .0 .0 .0 .0 .0 .0 0 .0 0 .0 .0
16 .0 .0 .0 .0 .0 .0 .0 .0 0 .0 0 .0 .0
18 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0
20 .0 .0 .0 .0 1.3 6.3 10.7 14.5 17.1 18.7 20.1 21.9
22 .0 .0 18.2 26.6 27.4 27.6 26.6 27.8 29.3 30.8 31.7 32.5
24 0 29.3 31.5 31.7 31.3 34.0 35.6 36.8 37.5 379 38.5
26 24.2 32.3 343 33.1 36.5 38.6 39.9 40.7 41.3 42.4 43.0
28 26.1 34.4 35.6 36.0 39.6 41.4 429 43.2 44.3 45.4 46.0
30 36.0 36.7 38.2 41.4 43.5 44 .4 45.3 46.6 47.7 48.3
32 37.2 37.6 39.5 429 44.9 45.3 46.9 48.2 49.3 49.5
34 38.2 38.5 40.5 44.0 459 46.6 48.3 49.6 50.7 50.8
36 39.2 41.5 45.0 46.8 47.7 49.3 50.7 51.5 52.0
38 39.7 42.3 45.8 47.5 48.5 50.1 51.4 52.0 52.9
40 40.1 43.1 46.5 48.0 49.2 50.9 52.1 52.7 53.7
42 43.7 47.1 48.5 49.9 51.6 52.9 53.3 54.4
44 44.3 47.7 49.0 50.5 52.1 53.4 53.8 54.9
46 44.8 48.2 49.4 50.8 52.5 53.7 54.2 55.3
48 ‘ 48.5 49.7 51.2 529 54.0 54.6 55.7
50 48.8 50.0 51.6 53.2 54.3 54.9 56.0

6. SUMMARY

A dynamic programming approach toward
stem value estimation for standing Scots pine
trees was developed. The determination of
the saw log value was based on the sawing
pattern and on the final productis composi-
tion. The combination of taper curve models
and bark models provided taper curves both
over bark and under bark, which constituted
the basis for the optimum stem scaling. A
computer program was developed to deter-
mine the optimum log sequence of the stem
aiming at maximizing the value of the final
products.

To examine the reliability of the computa-
tion system, 445 Scots pine sample trees from
29 stands were used as a test material. The
stem values of sample trees were calculated in
two ways: (1) with 12 measured diameters
and (2) with 12 estimated diameters derived
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from measured tree characteristics. In both
cases the values of the intermediate diameters
were calculated via cubic spline interpola-
tion.

When diameter at breast height, diameter
at 6 metres height, height of the tree, crown
height, and age of the tree were known, and
the unit price of board was 700 Fmk/m® (4.7
times the unit price of pulpwood) the average
standard error of the stem value estimate was
12.2 percent, for unit price of boards 350
Fmk/m® the error was 7.0 percent, and for
unit price of boards 150 Fmk/m® only 5.3
percent. Given only diameter at breast height
and height of the tree as input variables, the
average standard error of the stem value esti-
mate was 12.2 percent when the unit price of
boards was 350 Fmk/m”.

—

Table 4. The first saw log top diameter (mm) and length (dm).

dis h,m

cm 6 8 10 12 14 16 18 20 22 24 26 28
18 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
20 0. 0. 0. 0. 0. 0. 172. 171. 171. 169. 171. 172.
0. 0. 0. 0, 0. 0. 40. 46. 52. 61. 61. 61.
22 0. 0. 171. 171. 172. 170. 175. 179. 193. 193. 195. 194.
0. 0. 40. 46. 52. 61. 61. 61. 40. 43. 43. 49.
24 0. 173. 172. 176. 184. 205. 200. 198. 200. 214. 215.
0. 46. 55. 61. 61. 40. 52. 61. 61. 40. 40.
26 177. 172. 174. 190. 218. 221. 217. 213. 228. 230. 229.
40. 52. 61. 61. 40. 40. 49. 61. 40. 40. 46.
28 179. 176. 187. 230. 234. 232. 224. 243. 245. 247. 243.
43. 55. 61. 40. 40. 46. 61. 40. 40. 40. 49.
30 179. 199. 246. 243. 242. 239. 254. 253. 253. 254.
58. 61. 40. 46. 52. 61. 46. 52. 55. 58.
32 179. 212. 250. 242. 248. 254. 275. 279. 269. 283.
61. 61. 49. 61. 61. 61. 40. 40. 55. 40.
34 189. 224. 277. 256. 263. 289. 292. 287. 281. 300.
61. 61. 40. 61. 61. 40. 40. 49. 61. 40.
36 237. 293. 286. 277. 305. 296. 293. 296. 316.
61. 40. 49. 61. 40. 52. 61. 61. 40.
38 249. 278. 285. 292. 317. 306. 309. 312. 320.
61. 58. 61. 61. 43. 58. 61. 61. 55
40 261. 292. 311. 306. 330. 318. 323. 346. 349.
61. 58. 52. 61. 46. 61. 61. 40. 40.
42 299. 313. 320. 353. 349. 341. 351. 351.
61. 61. 61. 40. 46. 58. 52. 55.
44 312. 336. 334. 365. 354. 353. 357 362.
61. 55. 61. 43. 55. 61. 61. 61.
46 326. 341. 349. 372. 362. 368. 385. 380.
61. 61. 61. 49. 61. 61. 49. 58.
48 355. 363. 396. 388. 383. 398. 396.
61. 61. 43. 52. 61. 52. 58.
50 369. 377. 407. 395. 398. 406. 408.
61. 61. 46. 58. 61. 58. 61.
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SELOSTE

RUNGON ARVON MAARITTAMINEN

Tutkimuksessa kehitettiin menetelma kasvavan man-
nyn rungon arvon maarittamiseksi. Puusta mitattujen
tunnusten ja runkokayra- seka kuorimallien avulla saa-
dut sekd kuorelliset ettd kuorettomat runkokdyraesti-
maatit ovat perustana rungon optimaaliselle apteerauk-
selle. Puun laatua ei apteerauksessa otettu huomioon.
Sahatukin arvo perustuu sahausasetteeseen seki tukista
saatavien lopputuotteiden méirain ja hintaan. Runko
jaetaan dynaamisen ohjelmoinnin periaatetta kiyttien
puutavaralajeihin siten, etta siitd saatavien lopputuottei-
den arvo maksimoituu. Sahatukeista saatavia lopputuot-
teita ovat sahatavara, hake, puru ja kuori. Lisdksi osa
sahatukkien tilavuudesta kuluu sahatavaran kutistumi-
seen. Kuitupuupélkyista saadaan lopputuotteina kuore-
tonta kuitupuuta ja kuorta.

Laskentamenetelman luotettavuutta tutkittiin 29 met-
sikosta mitatuilla 445 koepuulla. Jos rungoista tunnettiin
rinnankorkeusldpimitta, lapimitta 6 metrin korkeudelta,
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pituus ja latvusrajan korkeus, oli rungon arvon estimaa-
tin keskivirhe 12.2 prosenttia sahatavaran arvon ollessa
700 mk/m? ja kuitupuun arvon ollessa 150 mk/m®. Saha-
tavaran arvon ollessa vain 350 mk/m® oli rungon arvon
estimaatin keskivirhe 7.0 prosenttia, ja sahatavaran ar-
von 150 mk/m” oli virhe vain 5.3 prosenttia. Jos rungois-
ta tunnettiin vain rinnankorkeusldapimitta ja pituus, oli
rungon arvon estimaatin keskivirhe 12.2 prosenttia saha-
tavaran arvon ollessa 350 mk/m’.

Menetelmalla saadut rungon arvon estimaattien har-
hat olivat yleensa vihiisia. Kuitupuun ja sahapuun ra-
jalla olevassa rungossa saattaa menetelma kuitenkin an-
taa suurenkin harhan, jos kaytetiin vain esimerkiksi
rinnankorkausldpimittaan ja pituuteen perustuvaa run-
kokayran odotusarvoa. Harhan vihentamiseksi poimit-
tiin ehdollisesta dg-jakaumasta 10 dg:n estimaattia, joi-
den perusteella saaduista runkokayriestimaateista las-
kettiin painotetut keskiarvot.



