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Abstract

Logs and center-yield sawn pieces of Scots pine (Pinus sylvestris) and Norway spruce (Picea abies) from three

regions in Finland and two regions in north-western Russia were studied for the variation in and predictability of grade
distributions. Log and sawn piece properties were measured and statistical analyses conducted on the differences between
geographical regions, in particular. Sawn pieces were graded for appearance quality and visual strength, according to the
Nordic grading rules, into NT grades and T grades (Finnish application of INSTA 142 rules), respectively. The aim was
to find out how accurately it would be possible to predict the grade yields from either the log properties or sawn timber
properties using binary, or multinomial regression modeling, and, in particular, whether any regional differences remained
thereafter.

The type of the log (vertical position and visual grade) was the most important single factor for both species when
predicting grade yield using log properties as predictors. When sawn timber properties were used as predictors, the
properties related to knots were the most substantial explanatory variables. Geographical region was not the major factor
in predicting grade yield in either approach, but more evident for pine than spruce.

Multinomial regression models were used to predict both appearance quality and visual strength grade distribution.
They were able to predict correctly 40-50% of the NT grade and 44-59% of the T grade in individual sawn pieces.
Binary regression models were used to predict visual strength grade classes in order to have only two response categories,
for example, the two highest grades compared to the two lowest grades. These models were the most accurate predicting
correctly 76-83% of the dichotomous grade yield. The models predicting grade yield for pine performed better than the
models for spruce.

There appeared significant differences in several log and sawn timber properties between the regions. The grade
yields from the Novgorod and Vologda regions were lower than in Finland, in general. For spruce, the between-region
differences in log and sawn timber properties were much smaller than for pine.

Key words: Pinus sylvestris, Picea abies, sawn timber, appearance grading, visual strength grading, grade yield,
Finland, Russia

Introduction

classification of timber according to visual appearance
or strength (e.g., Bostrdm 1994, Lipitsdinen 1994, Nor-

Knowledge of the properties and performance of
the raw material is an important factor for timber using
industries. Knowledge of the properties and quality dis-
tribution of timber aimed for different purposes increases
the efficiency of manufacturing and use as the raw ma-
terial can be allocated to the right product segment as
early as possible. Visual and machine grading of logs
and sawn timber are standard procedures at sawmills.
In addition to sawmills’ internal grading, general grad-
ing systems have been developed to standardize the

dic Timber...1994, Lindgren 1997, SFS 2000, SFS 2003,
Thelandersson 2003, Glos 2004, Hanhijérvi et al. 2005,
Hanhijirvi and Ranta-Maunus 2008).

In grading for visual appearance, the size, quali-
ty, and number of knots are the main criteria; larger
sound knots are usually allowed compared to dry
knots (Nordic Timber... 1994). Miscellaneous techni-
cal and processing defects affect the grading as well.
The knot properties are the most crucial properties de-
creasing the grade yield of sawn timber also in strength
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grading systems. The best predictors of strength are
known to be density, knot area ratio, and modulus of
elasticity, but these are difficult to measure in the prac-
tical sawmill environment (e.g., Lindgren 1997, Johans-
son 2003). The effect of the size of the board is some-
what contradictory; in all grading systems larger knots
are allowed in larger sawn pieces, but the probability
that defects appear increases as the size of piece is
larger, according to Weibull’s weakest link theory (Bod-
ig and Jayne 1982).

Properties of Scots pine sawn timber and the fac-
tors affecting it are widely studied for grading purpos-
es in Nordic countries (e.g., Heiskanen 1955, Kérkkain-
en 1980, Uusitalo 1995, Boren 2001, Ranta-Maunus
2007). Interest in spruce, compared to pine, emerged
later due to the increased use as a raw material (e.g.,
Asikainen and Heiskanen 1970, Lindgren 1997, Ver-
kasalo et al. 2002, Ranta-Maunus 2007, Verkasalo et
al. 2007a, Verkasalo et al. 2007b).

Log properties have become more important in pre-
dicting sawn timber quality because of their relative-
ly strong predictive power occurred in several stud-
ies and the development of automatic log grading.
Using visually or machine measured log properties as
predictors were recently studied for sawn timber in
Nordic softwoods, for example, by Silvén and Kaup-
pinen 1996, Grundberg and Gronlund 1997, Ranta-
Maunus 1999, Chiorescu and Gronlund 2003, Glos 2004,
Hanhijérvi et al. 2005, and Hanhijirvi and Ranta-Mau-
nus 2008. Statistical models using different factors as
predictors for sawn timber grade yield were developed
using logistic regression, for example, by Uusitalo
(1995), Jappinen (2000), @vrum (2008), and Lyhykain-
en et al. (2009).

Uusitalo (1995) used logistic regression in predict-
ing log grade yield from pine logs, from southern Fin-
land, based on Nordic Timber appearance grades (Nor-
dic Timber... 1994). He found that the breast height
diameter of the standing trees, height of the lowest
dead branch, crown height, and the distance from
stump to the end of the first grade butt log were im-
portant predictors in determining the proportion of the
best timber grade among butt log boards.

Jappinen (2000) studied the external geometry and
other log properties of Norway spruce, in Sweden, as
predictors for example Nordic Timber appearance
grades and visual stress grades in sawn timber, also
by using logistic regression. Log properties such as
taper, sweep, and surface unevenness were measured
with log scanners and used as predictors along with
properties such as density, slope of grain, and knot
size. Jappinen (2000) used receiver operating curves
as a measure of model accuracy reaching high classi-
fication ability in his models.

@vrum (2008) studied the effects of timber length,
forest quality, tree size, and board position on the
grade yields of strength classes for spruce, in Nor-
way, using ordinal multinomial regression. He found
that strength grade yield, according to Nordic INSTA
142 rules (SFS 2000), decreased toward the top end of
the tree and that this was due to the increased rela-
tive knot size in the sawn piece; whether the board
was inner or outer board, it had no affect on the
strength grade yield. Accordingly, positions of the
board in a tree, both longitudinally and in the cross
section were the most important grade yield predict-
ing variables except for board length. Model accura-
cy was good when predicting grade probabilities for
INSTA 142 grades within a 10-percent margin.

Lyhykéinen et al. (2009) developed models to es-
timate the timber grade and by-product yield from Scots
pine trees using multinomial logistic regression. The
study was based on both simulated and empirical stem
information. The best combination of explanatory var-
iables included tree diameter at breast height, its log-
arithmic transformation, and distance from the ground
to the first living branch and to the first dead branch.
Nordic Timber grade yields among center boards were
predicted as a proportion of total merchantable stem
volume.

The objective of this study was to study the var-
iation in and predictability of grade distributions for
appearance quality and visual strength in sawn tim-
ber of Scots pine and Norway spruce from Finland and
north-western Russia. The aim was to find out how
accurately it would be possible to predict the grade
yield from either the outer features of the logs or the
properties of sawn timber using binary or multinomial
regression modeling, and, in particular, whether any
regional differences remained thereafter.

Materials and methods

The Scots pine data consisted of 1,069 logs from
three sawmills and their respective domestic wood
procurement regions, Lappeenranta for south-eastern
Finland, Merikarvia for western Finland, Kajaani for
northern Finland, and two regions in north-western
Russia; Novgorod representing southern and fertile
growing conditions and Vologda representing more
continental, colder, and tundra-like growing conditions.
The Norway spruce data consisted of 1,162 logs from
the saw mills of Kitee for south-eastern Finland,
Kyrdskoski for western Finland, and lisalmi for north-
ern Finland.

The geographical origin of spruce was similar to pine
except for the Republic of Karelia replacing Novgorod
in Russia. The number of logs and the number of sawn
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pieces in the respective dimension class are shown by
species and region in Tables 1 and 2 and the geograph-
ic location of the regions in Figure 1.

Table 1. Number of Scots pine and Norway spruce logs by
diameter class and number of sawn pieces by respective di-
mension class, by region

Scots pine
Diameter class of the log with bark, min top diameter,
mm

160 175 210 280 310
Region Dimensions of the sawn piece, mm

38*100 50*100 50*150 63*200 44*200 Total
South - eastern Finland 22 22 17 44 105 210
Western Finland 22 21 22 42 108 215
Northern Finland 22 22 21 43 108 216
Novgorod, Russia 21 22 23 44 107 217
Vologda, Russia 22 22 21 44 102 211

109 109 104 217 531 1,069

Norway Spruce

Diameter class of the log with bark, min top diameter,
mm

155 170 205 275 305
Region Dimensions of the sawn piece, mm

38*100 50*100 50*150 63*200 44*200 Total
Eastern Finland 45 44 44 44 44 221
Western Finland 44 44 44 44 44 220
Nortehrn Finland 44 44 44 44 44 220
Vologda, Russia 44 44 44 44 44 220
Eastern Karelia, Russia 44 57 60 60 60 281

221 223 236 236 236 1,162

« Moscow

Russia

Figure 1. Approximate sampling areas in Finland and in
Russia. W-F representing western Finland, N-F for northern
Finland and S-E F for south-eastern Finland

The logs were measured and cut to a length of
4.5 metres after sawing disc specimens from both ends
of the log. Mean width of annual rings, proportion of
latewood of the ring width, and proportion of heart-
wood were measured from the discs in the laboratory
using binocular microscope equipped with video cam-
era and a sliding table to which the disc was attached.

Then the logs were sawn using dimensions described
in Tables 1 and 2, and dried to 16-22% moisture con-
tent (dry weight basis). Several features were meas-
ured from the logs, and sawn pieces were then grad-
ed manually by an experienced grader at the Finnish
Forest Research Institute (see Table 3).

Visual strength grading was performed according
to the Finnish T grading (Lipitsdinen 1994), which is
compatible with the EN 338 standard of strength class-
es and Nordic INSTA 142 grading (SFS 2000, SFS 2003).
Here, each grade represents the minimum bending
strength (MPa) which is obtained by indirect measure-
ments correlated to bending strength, density, and
modulus of elasticity. The visual strength grades used,
in this study, were T40, T30, T24, T18, and T10 (re-
ject), which correspond to minimum bending strengths
of 40 MPa in descending order to 18 MPa. Appearance
grading was performed according to Nordic Timber
grading rules, called NT grading (Nordic Timber...
1994), which are used for general sorting of Nordic
softwoods. Here, the main grades are A, B, C, and D
(reject); grade A may be divided into four sub-grades,
however, this precision was omitted in this study.

Statistical analysis and regression models were
calculated using SPSS version 16.0 (SPSS 2007). Para-
metric and non-parametric methods were used to ana-
lyze statistically the significant differences between the
regions in the measured variables. Due to the categor-
ical nature of the response variables, multinomial re-
gression and binary regression were chosen as meth-
ods to conduct the modeling. The grade yields in NT
grading were applied for Scots pine only, using the
multinomial regression technique, because the appear-
ance grade distribution did not satisfactorily meet the
requirements of modeling procedures for spruce.

Binomial regression is a form of regression used
when the dependent variable has only two values, often
referred to as “success” or “failure”. The binomial
response Y has a certain “success” probability when
the explanatory variable X has a value x. The logistic
regression model has a linear form for the logit of this
probability (Agresti 1996).

PY =1
1-PY =1)
where logit P(Y=1) is the logarithm of the probability
that a case falls into category, 1 (success), «a is the
constant, £ is the coefficient of independent variable x

Alternatively, logistic regression can refer direct-
ly to the success probability (Agresti 1996).

exp(a + BX)
1+ exp(o + BX)

LOg|tP(Y =) =my = 111( )= C{“"ﬁx 1)

PY=1= 2)
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The model produces an intercept and coefficients,
which predict the logit odds of being in category 1
using category O as a reference category.

Multinomial regression, in turn, is an expansion
of logistic regression, and can be used when the re-
sponse variable has more than two categories, the
number of them denoted as J. Each response catego-
ry is paired with the reference category and interpret-
ed in reference to it so that the multinomial model con-
sists of J-1 logit equations with separate parameters
for each (Agresti 1996).

For multinomial regression models, the multicate-
gorical logit model can be expressed as the probabil-
ity of the categories with some value of x (Fox 1984).

Let m, denote for the probability that the i" case
falls into category k.

A
exp

Tl equ' + expz'2 +..+ expz‘K

where z, is the value of the k™ variable for the i™ case

Zx =Dy DX D Xis +. by X;
is the general form of linear regression equation, where
b, is the constant, bkj is the coefficient, X, is the val-
ue of the predictive variable

The resulting coefficients of binary and multino-
mial regressions can also be interpreted as changes
in the log odds ratio of an event occurring. Logistic
regression applies the maximum likelihood method for
calculating the logit coefficients and seeks to maximize
the log likelihood function (Agresti 1996).

Choosing the predictive variables used in each
regression was performed by likelihood ratio tests
(LRT) for model fit and by assessing the significance
of likelihood ratio tests for each variable. Model fit was
also tested using the deviance goodness-of-fit test for
multinomial regression and the Hosmer and Lemeshow
test for logistic regression. (Agresti 1996).

Correlations between potential explanatory vari-
ables were examined and were at their maximum 0.387
for pine and 0.497 for spruce. The models developed
are symbolized with alphabetical letters and explana-
tory variables with abbreviations in Table 2.

Results

Grade distributions and wood properties by region

Observed T and NT grade distributions of sawn
timber are presented by region in Figure 2 for Scots
pine and in Figure 3 for Norway spruce. The distribu-
tions were typically wider for pine than for spruce, in
parallel with the larger variation in the wood and tim-
ber properties (see later). Furthermore, the best grades,

but also the worst grades, were more common for pine
than for spruce, especially in NT grading.

For pine, the best grade was notably more com-
mon in western and south-eastern Finland and nota-
bly more uncommon in the Russian regions, both in
NT grading and T grading. The regional differences
were generally reverse in the proportions of the worst
grades. However, the worst grade was more common
in NT grading in northern Finland and Vologda and
less common in south-eastern Finland and Novgorod.
The largest proportion occurred in western and south-
eastern Finland in grade A and in Novgorod in grade
B, but in northern Finland and Vologda in grade D.

For spruce, grade B was the dominant NT grade
in all regions the proportion being the largest in west-
ern Finland and the lowest in south-eastern Finland.
However, grade A was also the most common in south-
eastern Finland, in addition to Vologda, whereas its
proportion was low in western Finland, in addition to
the Republic of Karelia. The proportion of grade D was
very low in northern Finland. In T grading, the best
grade was the most common in Vologda and northern
Finland and the least common in south-eastern Fin-
land. The worst grade was the most common in the
Republic of Karelia and the least common in northern
and western Finland.
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Figure 2. Observed visual strength grade (T grading) dis-
tributions left, and appearance quality distributions (NT
grading) right for Scots pine by region
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Table 2. Symbols of var-
iables and abbreviations
used in the text

1]

100 % +——

Models
A Multinomial regression model for Scots pine using log properties as explanatory
variables predicting visual strength
B Multinomial regression model for Scots pine using log properties as explanatory variables
predicting appearance quality
(o] Multinomial regression model for Scots pine using sawn timber properties as explanatory
variables predicting visual strength
D Multinomial regression model for Scots pine using sawn timber properties as explanatory
variables predicting appearance quality
= Binary regression model for visual strength of Scots pine using log properties as
explanatory variables where response categories are T40 and T30 vs. other
F Binary regression model for visual strength of Scots pine using log properties as
explanatory variables where response categories are T40,T30 and T24 vs. other
G Binary regression model for visual strength of Scots pine using sawn timber properties as
explanatory variables where response categories are T40 and T30 vs. other
H Binary regression model for visual strength of Scots pine using sawn timber properties as
explanatory variables where response categories are T40, T30 and T24vs. other
| Multinomial regression model for Norway spruce using log propetties as explanatory
variables predicting visual strength
J Multinomial regression model for Norway spruce using sawn timber properties as
explanatory variables predicting visual strength
K Binary regression model for visual strength of Norway spruce using log properties
explanatory variables where response categories are T30 and T24 vs. other
L Binary regression model for visual strength of Norway spruce using sawn timber properties
as explanatory variables where response categories are T30 and T24 vs. other
Variables
LSK Mean diameter of the largest sound knot on the log or sawn piece (depending onthe model), mm
LDK Mean diameter of the largest dry knot on the log or sawn piece (depending on the model), mm
LK Mean diameter of the largest knot on the outer face of the sawn piece, mm

SKperlm Mean number of sound knots on one meter lengths of sawn piece.
DKperlm Mean number of dry knots on one meter lengths of sawn piece.
SmallKperlm Mean number of small knots (<8 mm) on one meter lengths of sawn piece.
AnnRing Mean annual ring width, /100 mm

LateW Proportion of latewood of the annual ring width on the sawn disc, %
HeartWw Proportion of heartwood of the cross section of the sawn disc, %
TopD Top diameter of the 4,5m log, mm

ResinP Mean number of resin pockets on one meter lengths of sawn piece.
S-EF Region south - eastern Finland (Lappeenranta sawmill)

W-F Region western - Finland (Merikarvia sawmill)

N-F Region northern - Finland (Kajaani sawmill)

Nov Region Novgorod in north - western Russia

Vologda Region Vologda in north - western Russia

RofK Region Republic of Karelia in north - western Russia

Log type for pine
1 High quality butt log
2 Lower quality butt log
3 Upper log
Log type for spruce
1 High quality butt log
2 Nomal quality upper log
3 Lower - quality butt log
4 Lower - quality upper log
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Figure 3. Observed visual strength grade (T grading) distributions left, and appearance quality distributions (NT grading)
right for Norway spruce by region
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For pine, of the potentially important log proper-
ties, the diameters of the largest sound and dry or
rotten knots were larger in Novgorod compared to the
other regions. The sizes of the largest knots were rath-
er homogeneous in the other regions, except for north-
ern Finland where the dry knot was smaller (Table 3).
The annual rings were, on average, wider in Russia
compared to Finland, and in northern Finland narrow-
er than in the other regions. Also, the proportion of
latewood was the largest in northern Finland, and the
lowest in Novgorod, but there were no differences
between western Finland and Vologda.

All in all, based on external evaluation, the high-
quality butt logs were the most common in south-east-
ern Finland and western Finland and the least com-
mon in Novgorod (Fig. 4). In this study, the butt logs
covered 63-76% of the data in Finland and 86-92% in
Russia.

Of the potentially important sawn timber proper-
ties, the largest sound knot was thicker in diameter in
Russia compared to Finland. Otherwise, the dry knot
was smaller in western and south-eastern Finland com-
pared to the other regions. Sawn from butt logs, the
largest dry knot was thicker in diameter in Novgorod,
Vologda, and northern Finland in comparison with
western and south-eastern Finland. The mean number
of sound knots per one meter was larger in Novgorod
compared to the other regions. The number of dry

knots was larger in northern Finland compared to the
other regions, and in western and south-eastern Fin-
land compared to Novgorod and Vologda (Table 3).

For spruce, of the potentially important log prop-
erties, the largest sound knot was larger in western
Finland compared to Vologda and south-eastern Fin-
land. The dry or rotten knot was smaller in northern
Finland compared to the other regions, and in south-
eastern Finland smaller than in Russia. The annual
rings were narrower in northern Finland and Vologda
in comparison with the other regions and the widest
in south-eastern Finland. Furthermore, the latewood
proportion was the largest in south-eastern Finland
and smallest in Vologda. On the other hand, the pro-
portion of heartwood was smaller in south-eastern Fin-
land compared to the other regions and smaller in
western Finland compared to Russia (Table 4).

All in all, high quality butt logs were the most
common in the Republic of Karelia and the least com-
mon in south-eastern Finland. However, of the butt
logs, the percentage of high quality butt logs was the
largest in south-eastern Finland and the smallest in
northern Finland. In the data, the butt logs covered
41-61% by region, the percentage being the largest in
northern Finland and the Republic of Karelia, and the
smallest in south-eastern Finland. Of the upper logs,
the normal-quality covered 84-89% in Finland and 80%
in Russia (Fig. 4).

Table 3. Means and  Scots pine South-eastern Western Northern Novgorod Vologda
standard deviations (1n Finland Finland Finland

parenthesis), or medians  LSK on the log, mm 37.25 (11.24) 42.32 (11.86) 4191 (11.81) 4835 (10.61) 4165 (11.29)
and 25- and 75 percen- Appearance of LSK. % 28,1 231 20,3 21,2 9,7
tiles of selected log and 1 1 the 10g, mm 28.35 (9.59) 27.16 (10.2) 25.67 (10.04) 35.76 (12.85) 31.14 (10.44)
sawn timber properties Appearance of LDK. % 62.9 71.4 81.1 87.6 78.3

for Scots pine. Appear-
ance of a variable de-
notes the percentage of

AnnRing, 1/100 mm 169.25 (45.51)

c g LateW, % E .
individual logs or sawn 5 80.28 (3.87)
pieces where the varia- Heartw, % 59.84 (9.02)
ble is present. See Table
2 for abbreviations SK, mm 35.76 (16.79)
Appearance of SK. % 70
DK, mm 18
25 percentile 13
75 percentile 27
LK, mm 28
25 percentile 19
75 percentile 42
SmallKperlm, Nr 0.556
25 percentile 0.11
75 percentile 1
SKperlm, Nr 2.21(1.27)
DKperlm, Nr 1.42 (0.841)

162 .56 (40.00) 14076 (32.14)  186.60 (45.02)  192.09 (54.54)

26.00 (3.26) 36.98 (4.22) 24.77 (3.22) 27.29 (6.16)

64.85 (10.07) 61.45 (8.68) 70.44 (7.05) 67.68 (7.27)

33.45 (15.94) 35.03 (17.23) 44.47 (21.36) 42.14 (16.41)

67.6 78.3 82.7 76.2
17 21 26 23
11 14 17 13
25 34 37 36
27 32 405 39
17 21 32 25
40 46 54 50
0.667 1 0333 0444
033 0.33 011 011
1.222 1.667 0.667 0.778
2.26 (1.45) 259 (1.20) 2.70 (1.16) 2.31 (1.15)
15 (0.742) 1.92 (0.927) 1.1 (0.77) 1.06 (0.70)
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Of the potentially important sawn timber proper-
ties, there were no differences in the diameter of the
largest knots on the outer faces. However, the number
of sound knots per meter was larger in south-eastern
Finland and smaller in the Vologda region compared
to the other regions. There appeared more dry knots
per one meter in sawn pieces from northern Finland
and less in sawn pieces from south-eastern Finland in
comparison with Vologda. However, there were more
knots smaller than 5 mm in sawn pieces from Vologda
compared to the other regions. Resin pockets were

more common in sawn pieces from northern Finland
compared to the other regions (Table 4).

Factors in the models for grade distributions

For Scots pine, in multinomial and binary regressions
analyses on the visual strength grade and appearance
grade yield based on the log properties, the largest dry
knot had the greatest contribution to the model. Log type
was another important predictor influencing toward bet-
ter grades when the sawn piece was sawn from the butt
log compared to the upper log, in general. When the

Table 4. Means and Norway spruce South-eastern Western Northern Republic of Vologda

standard deviations (in Finland Finland Finland Karelia

parenthesis), or medians LSK on the log, mm 2551 (7.07) 30.27 (7.48) 27.84 (8.08) 28.07 (8.42) 26.09 (7.84)
A f LSK. %

and 25- and 75 percen- ppearance o (] 79 80.2 86 57.2 49

tiles of'selected log a.nd LDK on the log, mm 17.22 (5.72) 18.49 (5.67) 14.61 (4.45) 19.22 (6.00) 20.35 (7.61)

sawn timber properties appearance of LDK. % 90 9806 98.1 97.8 97.6

for Norway spruce. Ap-
pearance of a variable
denotes the percentage

AnnRing, 1/100 mm

229.73 (63.77)

of individual logs or Latew, % 29.35(3.00)
sawn pieces where the peartw, % 66.16 (6.99)
variable is present. See

Table 2 for abbreviations SK, mm 26.65 (10.63)

Appearance of SK. %

95.8

DK, mm 14.78 (10.04)
Appearance of DK. % 84.8
LK, mm 28.29 (9.33)
SmallKperlm, Nr 3.83(2.18)
SKperlm, Nr 4.32 (2.64)
Appearance of SK 91
DKperlm, Nr 2.11 (1.75)
Appearance of DK 84.4
ResinP, Nr 0.222
25 percentile 0

75 percentile 0.444
Appearance of ResinP 51

204.92 (64.71)

145.02 (57.34)

178.06 (59.12)

149.2 (53.71)

25.98 (5.66) 24.19 (2.86) 23.6 (4.44) 22.33 (2.86)
68.24 (6.83) 69.2 (8.1) 70.74 (9.5) 72.22 (15.3)
26.81(14.3) 24.01 (13.4) 23.86 (16.51) 23.41 (14.73)
935 9.6 89.8 82.6
15,52 (8.14) 17.03 (8.25) 15.92 (11.87) 17.28 (11.62)
94 97.6 95.4 94
28.69 (12.61) 26.62 (11.61) 26.81 (13.96) 27.44 (13.16)
3.77 (2.24) 4.15 (2.41) 3.93 (2.04) 3.06 (2.06)
3.79 (2.27) 3.73 (2.6) 3.85 (2.55) 3.17 (2.04)
935 9.6 89.8 82.6
2.13 (1.43) 2.8 (1.62) 2.4 (167) 2.56 (1.78)
94 976 95 4 04
0.222 0.222 0.222 0.222
0 0 0 0
0.667 0.667 0.444 0.667
545 67 60 53
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Figure 4. Log grade distributious u: Scots pine left, and Norway spruce right by region
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region was concerned, the log origin from Novgorod
seemed to increase the probability of a lower grade when
compared to Vologda, and the log origin from Finland
decreased the probability, in general. The increasing di-
ameter of the largest dry or rotten knot and sound knot
increased probability toward a lower grade, while an in-
crease in the latewood proportion had an opposite ef-
fect. All regions did not appear to be significant predic-
tors in all analyses (Tables 5-6).

When grade yields were predicted using sawn
timber properties as predictors, the diameter of the larg-
est knot, number of knots per one meter, and the di-
mensions of the sawn piece related to log diameter
contributed the most to the analysis. When the diam-
eter of the largest knot and number of sound knots
per one meter increased, the probability toward a lower
grade grew, while the number of dry knots influenced
toward a higher grade. The effects of the dimensions
of the sawn piece were somewhat varying; pieces of
63*200 mm sawn from 275-304 mm logs using 2 EX-
LOG setup generally seemed to have a lower proba-
bility toward a lower grade than the pieces of 44*200
mm sawn from over 305 mm logs using 4 EXLOG set-
up. This could be probably due to the fact that the
sawn piece can be either the first or the second piece
from the core while in dimension 63*200 only two piec-
es are sawn from both sides of the core (Tables 7-8).

According to binary regression analysis, the in-
crease of the annual ring width and latewood propor-
tion influenced toward higher grades. Instead, when
the proportion of heartwood increased the probabili-
ty toward lower classes grew. When the region ap-
peared significant, the log origin from Vologda seemed
to increase the probability toward lower grades, in
general (Table 9).

For Norway spruce, there appeared more signifi-
cant predictors for the visual strength grade distribu-
tions compared to Scots pine. Moreover, no signifi-
cant predictor emerged to contribute to the model more
clearly than the others. Regarding log properties, lower
quality upper logs had a higher probability toward
lower grades than other logs. The increase of diame-
ter of the largest sound and dry or rotten knot had a
similar effect. There also occurred a weak increase in
the probability toward a lower grade, as the annual ring
width and the top diameter increased. Region was not
a significant predictor in multinomial regressions in all
paired models, according to the Wald tests. However,
they indicated a higher probability of grade T18 in
south-eastern Finland and northern-Finland than in
Vologda (Tables 10 and 12).

Several predictors appeared significant when sawn
timber properties were used as independent variables
in multinomial and binary regression analyses. The

Table 5. Model A: Parameters for multinomial regression
models for Scots pine where visual strength grades are pre-
dicted from log properties. See Table 2 for abbreviations

Model A

T10/T40 B S.E. Wald d.f Sig.

Intercept  -1,585 0,462 11,762 1 0,001
LSK 0,031 0,015 4,424 1 0,035
LDK 0,161 0,013 151,346 1 0,000
Region

S-EF -1,342 0,353 14,449 1 0,000
W-F -0,727 0,326 4,969 1 0,026
N-F -0,716 0,335 4,584 1 0,032
Nov 0,687 0,404 2,898 1 0,089
Vologda Reference category

Log type

Log 1 0,600 0,434 1,917 1 0,166
Log 2 -0,822 0,369 4,971 1 0,026
Log 3 Reference category

T18/T40

Intercept 0,164 0,439 0,140 1 0,708
LSK 0,230 0,015 2,430 1 0,119
LDK 0,108 0,013 72,424 1 0,000
Region

S-EF -0,690 0,354 3,799 1 0,051
W-F -0,989 0,351 7,936 1 0,005
N-F -0,374 0,35 1,142 1 0,285
Nov 0,924 0,412 5,023 1 0,025
Vologda Reference category

Log type

Log 1 -2,699 0,498 29,382 1 0,000
Log 2 -1,552 0,365 18,075 1 0,000
Log 3 Reference category

T24/T40

Intercept 1,338 0,397 11,353 1 0,001
LSK 0,001 0,015 0,002 1 0,960
LDK 0,069 0,012 34,005 1 0,000
Region

S-EF -0,513 0,312 2,708 1 0,100
W-F -0,713 0,305 5,456 1 0,019
N-F -0,564 0,316 3,184 1 0,569
Nov 0,543 0,389 1,943 1 0,163
Vologda Reference category

Log type

Log1 -1,807 0,373 23,507 1 0,000
Log 2 -1,212 0,351 11,933 1 0,001
Log 3 Reference category

T30/T40

Intercept -0,136 0,483 0,079 1 0,778
LSK 0,011 0,017 0,43 1 0,512
LDK 0,011 0,013 0,724 1 0,395
Region

S-EF 0,49 0,387 1,605 1 0,205
W-F 0,328 0,328 0,736 1 0,391
N-F 0,804 0,378 4,518 1 0,034
Nov 0,346 0,512 0,458 1 0,499
Vologda Reference category

Log type

Log 1 -1,277 0,408 8,901 1 0,003
Log 2 -0,125 0,407 0,095 1 0,758
Log 3 Reference category

diameter of the largest sound knot, followed by the
dimension of the sawn piece, came forth to contrib-
ute the most to the grade distributions. The number
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Table 6. Model B: Parameters for multinomial regression
models for Scots pine where appearance grades are predict-
ed from log properties. See Table 2 for abbreviations

Table 7. Model C: Parameters for multinomial regression mod-
els for Scots pine where visual strength grades are predicted
from sawn timber properties. See Table 2 for abbreviations

Model B Model C
A/B B S.E. Wald d.f  Sig. T10/T40 B S.E. Wald d.f Sig.
Intercept 0,978 0,771 1607 1 0,205 Intercept  -4,143 1,078 14,768 1 0,000
LDK 0,048 0,009 26,750 1 0,000 SKperim 1,674 0,123 184,620 1 0,000
TopD 0,007 0,002 13,209 1 0,000 DKperim -0,489 0,146 11,268 1 0,001
LateW -0,073 0,022 10910 1 0,001 Latew -0,143 0,019 56,254 1 0,000
Region HeartW 0,113 0,014 69,267 1 0,000
S-EF -0,771 0,291 7,000 1 0,008 Dimensions of sawn piece
W-F -1,170 0,278 17,659 1 0,000 38*100 -0,607 0,501 1,464 1 0,226
N-F 0,353 0334 1117 1 0,291 50*100 -0,622 0,493 1,594 1 0,207
Nov 0,118 0,312 0144 1 0,705 50*150 -1,480 0,416 12,677 1 0,000
Vologda Reference category 63*200 -1,985 0,277 51,470 1 0,000
Log type 44*200 Reference category
Log 1 -0,980 0370 7,010 1 0,008 T18/T40
Log 2 -1,009 0,263 14,723 1 0,000 Intercept  -4,921 1,091 20,346 1 0,000
Log 3 Reference category SKperim 1,571 0,125 157,569 1 0,000
AlC DKperim -0,582 0,151 14,958 1 0,000
Intercept -1,74 0,869 4,01 1 0,045 LateW -0,106 1,019 30,494 1 0,000
LDK 0,059 0,01 34,895 1 0,000 HeartW 0.104 0.014 58.833 1 0.000
TopD 0,016 0,002 56,822 1 0,000 Dimensions of sawn piece
LateW -0,079 0,025 10,279 1 0,001 38*100 0,167 0,501 0,111 1 0,739
Region 50*100 0,530 0,481 1,215 1 0,270
S-EF -0,924 0,338 7467 1 0,006 50*150 -0,677 0,413 2,694 1 0,101
W-F -1,471 0,311 22,397 1 0,000 63*200 -1,405 0,283 24,661 1 0,000
N-F 0,481 0,370 1,687 1 0,194 44*200 Reference category
Nov -0,054 0,334 0026 1 0871 T24/T40
Vologda Reference category Intercept  -4,931 1,011 23,787 1 0,000
Log type SKperim 1,214 0,119 103,243 1 0,000
Log 1 -1,621 0,416 15,221 1 0,000 DKperim -0,006 0,137 0,002 1 0,966
Log 2 -1,316 0284 21517 1 0,000 LateW -0,09 0,018 25,804 1 0,000
Log 3 Reference category HeartW 0,098 0,013 58,607 1 0,000
A/D Dimensions of sawn piece
Intercept -1,894 0970 358 1 0,058 38*100 0,763 0,486 2,466 1 0,116
LDK 0,092 0,012 57,750 1 0,000 50*100 0,938 0,464 4,078 1 0,043
TopD 0,009 0,002 12,874 1 0,000 50*150 0,191 0,377 0,258 1 0,611
LateW -0,084 0,027 9256 1 0,002 63*200 -1,042 0,262 15,758 1 0,000
Region 44*200 Reference category
S-EF -0,777 0375 4290 1 0,038 T30/T40
W-F -1,022 0,335 9338 1 0,002 Intercept -4,6 1,102 17,413 1 0,000
N-F 0,547 0408 1,799 1 0,180 SKperim 0,701 0,132 28,059 1 0,000
Nov -0,795 0,387 4214 1 0,040 DKperim 0,628 0,152 17,064 1 0,000
Vologda Reference category LateW -0,034 0,02 2,997 1 0,083
Log type HeartW 0,046 0,014 11,061 1 0,001
Log 1 0,540 0,505 1,144 1 0,285 Dimensions of sawn piece
Log 2 -0,237 0,323 0538 1 0463 38*100 0,755 0,564 1,791 1 0,181
Log 3 Reference category 50*100 1,421 0,493 8,289 1 0,004
50*150 0,761 0,414 3,368 1 0,066
of sound knots per one meter, in general, increased ~ 63'200  -0038 0289 0017 1 0,89
44*200 Reference category

the probability toward a lower grade. On the other
hand, the number of knots smaller than 5 mm indicat-
ed a better strength grade in multinomial regression
analysis because the dry knots were then smaller.
Sawn timber dimensions of 50*150 and 63*200 seemed
to have a lower probability toward a lower grade com-
pared to the reference dimension 44*200. Annual ring
width, latewood proportion, or the diameter of the larg-
est dry knot did not appear to be strong predictors.
Region had no significance except for the higher prob-
ability of T10 versus T30 in the Republic of Karelia,

and T18 and T24 versus T30 in south-eastern Finland,
both compared to Vologda (Tables 11-12).

Performance of the models for grade distributions
For Scots pine, the overall classification ability of
the multinomial regression models for individual sawn
pieces was 40-50%. For visual strength grading, the
highest and lowest strength classes were classified
with the best performance with the correct prediction
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Table 8. Model D: Parameters for multinomial regression
models for Scots pine where appearance grades are predicted
from sawn timber properties. See Table 2 for abbreviations

Model D

A/B B S.E. Wald d.f Sig.
Intercept 0,113 0,371 0,093 1 0,761
DKperim 0,070 0,124 0,322 1 0,570
LK 0,018 0,005 15,435 1 0,000
Dimensions of sawn piece

38100 0,526 0,338 2,418 1 0,120
50*100 -0,530 0,301 3,107 1 0,078
50150 0,549 0,384 2,051 1 0,152
63200 -0,080 0,211 0,142 1 0,706
44200 Reference category

Region

S-E Fin -0,874 0,278 9,861 1 0,002
W-F -1,072 0,295 13,173 1 0,000
N-F -0,634 0,311 4,160 1 0,041
Nov 0,127 0,316 0,161 1 0,688
Vologda Reference category

AIC

Intercept 0,294 0,388 0,572 1 0,450
DKperim 0,178 0,133 1,794 1 0,180
LK 0,014 0,005 8,196 1 0,004
Dimensions

38100 0,026 0,382 0,004 1 0,947
50100 -2,029 0,484 17,560 1 0,000
50150 0,438 0,405 1,173 1 0,279
63200 -0,343 0,226 2,292 1 0,130
44200 Reference category

Region

S-E Fin -1,526 0,305 25,017 1 0,000
W-F -1,561 0,316 24,318 1 0,000
N-F -0,883 0,323 7,457 1 0,006
Nov 0,001 0,325 0,000 1 0,998
Vologda Reference category

AD

Intercept 0,347 0,424 0,669 1 0,413
DKperim -0,234 0,156 2,261 1 0,133
LK 0,016 0,005 8,908 1 0,003
Dimensions

38100 -0,584 0,444 1,725 1 0,189
50100 -2,172 0,534 16,559 1 0,000
50150 -0,653 0,536 1,485 1 0,223
63200 -0,978 0,282 11,989 1 0,001
44200 Reference category

Region

S-E Fin -1,215 0,349 12,098 1 0,001
W-F -0,827 0,342 5,863 1 0,015
N-F -0,368 0,363 1,030 1 0,310
Nov -0,542 0,388 1,957 1 0,162
Vologda Reference category

of 62-63%, while for the other classes only 13-46% of
the predictions were correct. There appeared no ma-
jor difference in the accuracy whether the log proper-
ties or sawn timber properties were used as predictors.
For appearance grading, the two best classes (A and
B) were classified correctly for 51-69% of the sawn
pieces while only 3-41% for the other two lower classes
were classified correctly (Table 13).

Table 9. Parameters of binary regression models for Scots
pine. Model E denotes combined strength grades T40 and
T30 against lower classes predicted from log properties and
model F denotes combined T40, T30, and T24 grades, re-
spectively. Model G denotes combined T40 and T30 grades
against lower classes predicted from sawn timber properties
and model H denotes combines T40, T30, and T24, respec-
tively. See Table 2 for abbreviations

Model E B S.E. Wald df Sig
Intercept -3,1 0,753 16,966 1 0,000
LDK -0,093 0,010 84,926 1 0,000
LateW 0,079 0,024 11,192 1 0,001
Log type 14,634 2 0,001
1 0,729 0,315 5,366 1 0,210
2 1,049 0,274 14,608 1 0,000
3 Reference category

Region 27,393 4 0,000
S-E Fin 0,963 0,316 9,286 1 0,002
W-F 1,115 0,296 14,185 1 0,000
N-F 0,288 0,345 0,697 1 0,404
Nov -0,307 0,365 0,704 1 0,401
Vologda Reference category

Model F B S.E. Wald df Sig
Intercept 1,306 0,860 2,306 1 0,129
LSK -0,24 0,006 17,82 1 0,000
LDK -0,700 0,006 133,756 1 0,000
LateW 0,056 0,190 8.260 1 0,004
HeartW -0,019 0,009 4,092 1 0,043
Region 9,788 4 0,440
S-E Fin 0,346 0,276 1,569 1 0,210
W-F 0,349 0,239 2,145 1 0,143
N-F -0,347 0,299 1,345 1 0,246
Nov -0,156 0,242 0,418 1 0,518
Vologda Reference category

Model G B S.E. Wald df Sig
Intercept 5,843 1,488 15,427 1 0,000
SKperim  -0,512 0,120 18,322 1 0,000
DKperim 0,407 0,151 7,294 1 0,007
AnnRing -0,009 0,003 7,140 1 0,008
LateW 0,062 0,02 9,818 1 0,002
HeartW -0,066 0,014 21,265 1 0,000
LK -0,106 0,012 74,733 1 0,000
Dimensions of sawn piece 36,291 4 0,000
38*100 -1,343 0,505 7,078 1 0,008
50*100 -0,808 0,453 3,179 1 0,075
50*150 0,312 0,412 0,572 1 0,449
63*200 1,111 0,281 15,69 1 0,000
44*200 Reference category

Model H B S.E. Wald df Sig
Intercept 3,52 1,163 9,158 1 0,002
SKperim  -0,441 0,082 28,845 1 0,000
DKperim 0,306 0,116 6,952 1 0,008
AnnRing -0,005 0,002 4,626 1 0,031
LateW 0,039 0,15 6,828 1 0,009
HeartW -0,028 0,011 7,152 1 0,007
LK -0,049 0,007 57,426 1 0,000
Dimensions of sawn piece 29,081 4 0,000
38*100 0,016 0,331 0,002 1 0,962
50*100 0,294 0,323 0,831 1 0,362
50*150 1,104 0,311 12,642 1 0,000
63*200 0,938 0,221 18,033 1 0,000
44*200 Reference category
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Table 10. Model I: Parameters for multinomial regression  Table 11. Model J: Parameters for multinomial regression

models for Norway spruce where visual strength grades are  models for Norway spruce where visual strength grades are
predicted from log properties. See Table 2 for abbreviations  predicted from sawn timber properties. See Table 2 for ab-

breviations
Model | B S.E. Wald df  Sig
T10/T30 Model J B SE. Wald df Sig
Intercept  -3.166 0,961 10,860 1 0,001 T10/T30
AnnRing 0,009 0,002 22025 1 0,000 LSK 0,085 0,01 69.159 1 0,000
LateW 0,009 0,021 0172 1 0678 LDK 0033 0009 13919 1 0,000
TopD 0.004 0.002 3044 1 0081 AnnRing 0,004 0,002 4571 1 0,033
Log type ; ; - LateW -0,011 0,021 0,291 1 0,590
1 -1.829 0.437 17 545 1 0.000 SKperim 0,254 0,057 19.784 1 0,000
2 -1.446 0436 10998 1 0,001 Dimensions
3 1233 0,480 6598 1 0010 38*100 0,612 0,412 2204 1 0,138
4 Reference category ’ 50*100 0542 0,368 2164 1 0,141
Region 50*150 0,339 0,320 1124 1 0,289
SEFin 0010 0.407 0001 1 0981 63*200 278 0,317 77259 1 0,000
W-F -0,543 0,368 2177 1 0,140 44*200 Reference category
N-F 0,229 0,366 0,386 1 0,534 Region
RofK 0,181 0277 0426 1 0514 S-E Fin 0,149 0,393 0,144 1 0,704
' ' ’ ' W-F -0,231 0,343 0,454 1 0,500
v I il i ] i
T:’87$: : Reference category N-F 0,25 0,32 0613 1 0,434
Intercept  -3.814 1,110  11.808 1 0,001 Rof 0,666 0292 05178 1 0023
LSK 0,048 0,000 26788 1 0,000 Vologda Reference category
LDK 0,08 0017 23018 1 0,000 T30/T18
AnnRing 0,009 0002 24700 1 0000 Intercept 113 0,784 2103 1 0,015
LateW 0,096 0025 14887 1 0000 SmallkperM -0,259 0,053 23698 1 0,000
TopD 0,006 0.002 5601 1 0017 LSK 0,113 0,010 122.014 1 0,000
Logtyps ‘ - ‘ LDK 0,022 0013 2831 1 0,002
AnnRing 0,006 0,002 9164 1 0,002
1 -1.639 0,465 12408 1 0,000 ' : :
2 0e7o 0.444 1660 1 0198 LateW 0,104 0,024 19328 1 0,000
3 1409 P 7981 1 0007 SKperim 0,172 0,057 9213 1 0,002
4 Reference category Dimensions
Region 38*100 0,080 0,461 0,030 1 0,863
S-E Fin 1.102 0,429 6590 1 0,010 50700 0,781 0385 4114 1 0,043
W 0.001 0384 0056 1 0813 50*150 2025 0,537 14213 1 0,000
NF 0646 0386 2795 1 0095 63*200 3250 0,357 83176 1 0,000
RofK 0114 0347 0409 1 0742 447200 Reference category
’ ’ ’ ’ Region
¥;L°9°'a Reference category S-E Fin 1184 0395 8959 1 0,003
/T30 W-F 0446 0343 1693 1 0193
Intercept  -0,429 0,713 0,362 1 0,547 N-F 0.493 0.321 536 1 0124
tg'; 8' 82; 8' 8(1’2 125;52 1 g'ggg RofK 0182 0,335 0295 1 0,587
' ' ; Vologd Ref t
AnnRing 0,008 0,001 30473 1 0,000 T:oc;?z: eterence calegory
#ate[‘)” '8'8(1)2 8'88? 15'055 1 8'3?3 intercept 1507 0544 7682 1 0,006
L;’: typs = ' ' ' SmallKperM  -0,236 0,039 36244 1 0,000
LSK 0,073 0,008 75153 1 0,000
; '8‘?2; ggz; g':‘ig 1 8'(7)(1)(1) LDK 0,001 0009 0011 1 0917
3 oodn Py 4811 1 0028 AnnRing 0,004 0,002 5088 1 0,024
4 Rel o : ' LateW 0,016 0,015 1.083 1 0,208
Region ererence category SKperim 0,246 0,046 28,52 1 0,000
. Dimensions
3\;'?:':'“ 8"1‘23 g'ggg 0255087 1 8';22 38*100 1277 0294 18803 1 0,000
NE o4 Py 2205 1 0074 50*100 0,017 0,247 0,005 1 0,945
N o 32; o Zgi’ e dl 13 . 50*150 0,549 0251 4783 1 0,029
v°| da Re ' : ' 63+200 -1.891 0,203 86974 1 0,000
ologda eference category 44*200 Reference category
Region
L . ) ) S-E Fin 0,675 0,301 5027 1 0,025
The class1flcat.1on ab11.1ty of the blna.r}./ regression W-F 0.407 0.256 2524 1 0412
models was determined using the probability of 0.5 as N-F 0,331 0,231 2.057 1 0,152
a cut-off value. The joined visual strength grades of = RofK 0,287 0,24 1432 1 0,231
two or three best classes could be predicted moder- Vologda Reference category
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Table 12. Parameters of binary regression models for Nor-
way spruce. Model K denotes combined strength grades T30
and T24 against lower classes predicted from log properties
and model L denotes combined T30 and T24 grades predict-
ed from sawn timber properties, respectively. See Table 2
for abbreviations

Model K B S.E. Wald df Sig
Intercept 2,984 0,664 20,183 1 0,000
LDK -0,039 0,011 13,210 1 0,000
AnnRing -0,004 0,001 12,489 1 0,000
LateW 0,023 0,014 2,611 1 0,106
TopD -0,007 0,002 19,110 1 0,000
Log type 24,096 3 0,000
1 1,273 0,269 22,412 1 0,000
2 0,900 0,269 11,205 1 0,001
3 0,782 0,313 6,222 1 0,013
4 Reference category

Model L

Intercept 1,18 0,436 7,319 1 0,007
LSK -0,05 0,007 54,105 1 0,000
LateW 0,034 0,015 5,031 1 0,025
ResinP -0,233 0,105 4,952 1 0,026
Dimensions of sawn piece 50,715 4 0,000
38*100 0,714 0,306 5,438 1 0,020
50*100 0,642 0,287 5,019 1 0,025
50*150 0,631 0,296 4,533 1 0,033
63*200 1,8 0,267 454 1 0,000
44*200 Reference category

ately well using both log and sawn timber properties
as predictors; then, overall 75% of sawn pieces were
classified correctly (Table 13).

For Norway spruce, the overall classification abil-
ity of the multinomial regression models for visual
strength grades was 52-58%. The two best classes (T30
and T24) were predicted correctly for 62-73% of indi-
vidual sawn pieces while the two lower classes for only
5-26% of sawn pieces. The classification ability of the
multinomial models was weaker for spruce than for
pine, although the overall classification ability was
satisfactory (over 76%). Then, most of the sawn piec-
es in the two weakest strength classes were predict-
ed incorrectly into the two best strength classes, thus,
including most of the sawn pieces (Table 14).

In the binary regression models, the improvement
in the classification ability is expressed as the differ-
ence in the classification ability to the final model from
the model where all sawn pieces were classified in the
modal class. This improvement was 8-28% for pine, but
less than 5% for spruce. This indicated a weaker pre-
dicting ability for spruce when using selected predic-
tive variables that can be measured or evaluated in the
morphology of logs or sawn pieces.

The accuracy of the multinomial regression mod-
els is presented for pine in Table 15 as the absolute
difference between the observed category distribution
(%) and the predicted mean response category prob-
ability (%) for both visual strength class models and
appearance quality class models. For spruce, the ac-
curacy for the visual strength class models by re-
sponse grade is presented in Table 16, respectively.

Table 13. Classification ability based on the percentage of correctly classified sawn pieces in each grade and Nagelkerke's
R? for Scots pine models in visual strength grading (T grades) and appearance grading (NT grades)

Multinomial regression models

T grading T40 T30 T24 T18 T10 Overall Nagelkerke
Model A. T grading with log properties. 62,3 13,4 46,2 28,3 63,6 46,3 0,485
Model C. T grading with sawn timber properties 62,2 14,7 41,1 22,8 62,2 43,7 0,437
NT grading A B C D Overall Nagelkerke
Model B. NT grading with log properties. 69,9 57,7 41 12,8 50,1 0,319
Model D. NT grading with sawn timber properties. 53,5 51 33 3 39,9 0,158
Binary regression models T4TO3(¢)) r T:?Zr.gio Others Overall Nagelkerke
Model E. T grading,T40 or T30 with log

properties 60.2 91.2 83.5 049
Model F. T grading, T40, T30 or T24 with log properties 73.8 78.3 76.1 0415
Model G. T grading, T40 or T30 with sawn timber properties 70.2 93.1 87.4 0.623
Model H. T grading, T40, T30 or T24 with sawn timber properties 77.2 78 77.6 0451

Table 14. Classification ability based on the percentage of correctly classified sawn pieces and Nagelkerke's R? for Norway

spruce models in visual strength grading (T grading)

Multinomial regression models T30 T24 T18 T10 Overall Nagelkerke
Model I. T grading with log properties 62.3 71.3 13,1 52 52.1 0.29
Model J. T grading with sawn timber properties 72.6 73.6 259 11,2 58.5 0.463
Binary regression models T300rT24 Others Overall Nagelkerke
Model K. T grading, T30 or T24 with log properties 96.6 18,3 76.2 0.142
Model L. T grading, T30 or T24 with sawn timber properties 93.8 311 76.9 0.239
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Table 15. Observed and predicted grade distributions and
misclassification percent in multinomial regression models of
Scots pine in visual strength grading (T grading) and appear-
ance grading (NT grading)

Model A. T grading with log properties

T40 T30 T24 T18 T10

Observed category distribution, % 14,2 10,3 252 215 28,8
Mean predicted category distribution, % 18,2 3,9 287 135 358
Error, % 4 -6,4 3,5 -8 7
Model B. NT grading with log properties

A B [
Observed category distribution, % 254 36 245 141
Mean predicted category distribution, % 30,5 41,8 23,7 4

Error, % 5,1 5,8 -0,8 -10,1
Model C. T grading with sawn timber properties
T40 T30 T24 T18 T10

Observed category distribution, % 142 103 252 215 288
Mean predicted category distribution, % 19,3 4,5 245 116 401
Error, % 51 -5,8 0,7 9,9 1,3

Model D. NT grading with sawn timber properties
A B (o] D

Observed category distribution, % 254 36 245 141
Mean predicted category distribution, % 312 439 232 18
Error, % 5,8 7,9 -1,3 -12,3

Table 16. Observed and predicted grade distributions and
misclassification percent in multinomial regression models of
Norway spruce in visual strength grading (T grading)

Model I. T grading with log properties

T30 T24 T18 T10
Observed category distribution, % 34 40.1 126 13,3
Mean predicted category distribution, % 38.2 56.1 3,5 2,2
Error, % 42 16 91 -111
Model J. T grading with sawn timber properties

T30 T24 T18 T10
Observed category distribution, % 34 40.1 126 13,3
Mean predicted category distribution, % 36.2 53 71 3,5
Error, % 2,2 129 -52 98

The accuracy of the binary regression models is
illustrated in Table 17. as figure representing the area
under the receiver operating characteristic curves
(ROC). The area under the ROC curve (“c”) represents
the probability that the probability of a randomly cho-
sen “success” exceeds the probability of a randomly
chosen “failure”. In a ROC curve, the sensitivity is
plotted against 1 - specificity. Sensitivity is the prob-
ability that a “success” is correctly classified and 1 —
sensitivity is the false negative rate, respectively.
Specificity is the probability that a “failure” is correctly
classified and 1 — specificity is the false positive rate
(Fawcett 2006).

Discussion and conclusions

The empirical materials of the study were obtained
through commercial wood procurement operations,
which limited the possibility for objective sampling and
regional representability for the characteristics of the
timber stands. The even sampling per selected log

Table 17. Areas under the ROC-curves for accuracy of Scots
pine and Norway spruce models according to binary regres-
sion analysis. Model E: log properties used as predictors for
visual strength grades T40 and T30 vs. other grades; model
F: log properties used as predictors for visual strength grades
T40, T30, and T24 vs. other grades; model G: sawn timber
properties used as predictors for visual strength grades T40
and T30 vs. other grades; model H: sawn timber properties
used as predictors for visual strength grades T40, T30, and
T24 vs. other grades. Model K: log properties of Norway
spruce used as predictors for visual strength grades T30 and
T24 vs. other grades; model L: sawn timber properties of
Norway spruce used as predictors for visual strength grades
T30 and T24 vs. other grades

Area under
the ROC- Std. . b
curve Error® Asymp. Sig.
Models for Scots
pine
E 0,883 0,011 0,000
F 0,831 0,013 0,000
G 0,929 0,008 0,000
H 0,850 0,012 0,000
Models for Norway spruce
K 0,697 0,018 0,000
L 0,770 0,017 0,000

® Under the non-parametric assumption
® Null hypothesis: True area =0,5

diameter classes does not fully correspond with the
diameter distribution at the saw mills, where logs of
smaller diameter are typically more frequent than large-
diameter logs. The proportion of butt logs was 10-20
percentage points higher for pine and 5 percentage
points higher for spruce than in the large log meas-
urement data in Finland (e.g., Rikkonen 1987). The dif-
ference was obviously parallel in north-western Rus-
sia, despite the often smaller outtake percentage of
logs in commercial harvesting operations (e.g., Karvin-
en et al. 2006).

The different sawing setup of log diameter class-
es resulted in different sawn timber dimensions, which
could hamper the comparison of grading results be-
tween the sub-samples. However, the approximately
similar number of sawn pieces per log diameter class
in each region, except for the larger log sample of
spruce from the Republic of Karelia, compensated this
drawback and contributed positively to the analysis
of variation in and the establishment of prediction
models for the grade distributions of sawn timber.

Certain geographical differences in timber quali-
ty appeared between the regions of the study. It can
be assumed that most of the variation is due to the
different growing conditions, but forestry practices
may also impact timber quality and, therefore, the yields
in both appearance and visual strength grading. The
origin of the Finnish logs could be traced back to in-
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dividual stands marked for cutting; instead, there was
no information available on the stand properties in the
Russian data, for example, on stand density or site
fertility. It can be assumed that thinnings did not be-
long to the forest management history in the regions
where the Russian logs were cut. Again, log bucking
was not probably optimized for length and quality in
Russia, which might lead to more inefficient utilization
of tree quality than in Finland with highly developed
bucking control in mechanized cutting (Karvinen et al.
2005).

In fertile growing conditions, as in Novgorod,
Scots pine commonly develops logs and sawn timber
with large knots and wider annual rings compared to
colder regions and slower growth. Logs from the Vo-
logda region produced better strength grade yield in
sawn timber than those from the Novgorod region, but
worse than those from Finland. Sawn timber from the
Russian regions suffered from large and frequent
knots. In Finland, pine sawn timber from northern Fin-
land had, unexpectedly, a worse appearance grade
distribution than the timber from more southern regions
in Finland compared to Heiskanen (1977), for example.
Northern Finnish pine suffered especially from large
and frequent dry knots in our data.

Otherwise, the appearance grade distributions
seemed relatively usual for Finnish pine sawn timber
compared to, for example, a study by Virtanen (2005)
presenting the following proportions of the total pro-
duction at the sawmills in 1997; u/s (A) 20%, V (B) 30%,
VI (C) 21%, unsorted 12%, schaalboards 13%, and
sound-knotted 4%. Wall et al. (2005) reported even better
NT grade distributions for pine sawn timber from first
and second thinning when the value yield was optimized
in log bucking and only the center yield was sawn as
in this study. Instead, Hemmil4 and Sipi (2004) observed
much worse distributions for pine sawn timber from first-
thinning logs with commercial length of three-decime-
ter modules length than in this study.

Jouhiaho and Uusitalo (2001) reported, in a simi-
lar study, as high proportions of grade A as 50-61%
for center yield in the first thinnings on the different
soils with the reference of 53% in final fellings when
logs were bucked to commercial lengths and center
yield was considered.

In her study, Lindgren (1997) achieved the follow-
ing proportions for the center yield of south-western
Finnish pine: A 18%, B 39%, C 33%, p and D 10%.
Rikala (2003) reported very high proportions of good
quality sawn timber from selected pine stands on
drained peatlands in southern Finland; A 29%, B 38%,
C 28%, p and D 5%.

No published statistics and few studies are availa-
ble on the visual strength grade distributions of sawn

timber. Lindgren (1997) observed slightly better distribu-
tions for pine sawn timber from south-western Finland
than in this study, with the exception of somewhat smaller
proportion of T40. Rikala (2003) showed roughly paral-
lel results to this study, with, however, a lower percent-
age of T30 and a higher percentage of T24. Hanhijarvi
et al. (2005) reported a high percentage of good-quality
timber when INSTA 142 grading was modified with the
account of specific density limits in each grade; C40 30%,
C30 18%, C18 45%, p and lower 7%.

For Norway spruce, the differences between the
regions in grade distributions of this study were much
less pronounced compared to Scots pine. There was no
difference in the maximum knot diameter on the outer
face of the sawn piece, but grade-determining differenc-
es existed in annual ring width, latewood proportion,
and the number of sound and dry knots in sawn tim-
ber. Due to the relative homogeneity of spruce timber
and the small variation in timber properties between the
regions, it can be said that when acquiring spruce logs
or sawn timber, the geographical region is less impor-
tant compared to pine, except the northernmost region
(e.g., Hudson 1967, Heiskanen 1968).

Since spruce timber is more homogenous compared
to pine when knots are concerned, timber from north-
ern Finland and the Vologda region is generally grad-
ed better compared to other regions because of the
smaller annual ring width which leads to higher den-
sity (Kollman and Coté 1968, Bodig and Jayne 1982).
On the other hand, the risk of other defects decreas-
ing the grade increases when trees grow in non-favo-
rable growth conditions and the age required for the
logging size increases. One can also expect less high
quality sawn timber and more intermediate grades when
spruce is compared to pine, especially in appearance
grading, but also less low quality sawn timber, espe-
cially in visual strength grading.

The appearance grade distributions of Finnish
spruce sawn timber were somewhat worse for the pro-
portion of grade A, but much better for the propor-
tion of grade B than by Virtanen (2005), who reported
the proportions of u/s (A) 11%, V (B) 15%, VI (C) 17%,
unsorted 41%, and schaalboards 16%. Lindgren (1997)
presented, for southern Finnish spruce, the propor-
tions of A 21%, B 41%, C 25%, D 13% and for north-
ern Finnish spruce of A 27%, B 40%, C 25%, and D
8%, respectively. Verkasalo ef al. (2002) reported as
high proportions of grade A in the center yield as 75-
84% in bulk sawing operation and 45% in specializing
sawing operation based on simulations; however, only
dimensions, knots, wane, and compression wood were
considered in the sorting of sawn timber. Rikala (2003)
observed, in parallel, high-quality spruce in southern
Finnish peatlands: A 57%, B 22%, C 17%, and D 4%.
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In visual strength grading, Lindgren (1997) report-
ed also a yield of T40 for spruce sawn timber both in
southern and northern Finland (less than 10%), but a
lower yield for T30. Rikala (2003) showed exceptional-
ly high percentages of the best grades, nearly 20% for
T40 and 30% for T30. Hanhijarvi et al. (2005) arrived
at, again, high percentages when INSTA 142 grading,
modified as described before, was applied: C40 17%,
C30 22%, C18 57%, and lower 4%.

The number and size of knots are the most impor-
tant predictive variables when grade yield is modeled
from sawn timber properties (see also Heiskanen 1955,
Hemmilé and Sipi 2004, Hanhijirvi and Ranta-Maunus
2008). The type of the log (vertical position) is an
important independent variable in predicting grade
yield from log properties, as it combines the directions
of influence of many predictive factors. Log type was
also found to be an important predictor of log quality
for spruce by, e.g., Kdrkkdinen 1980 and Verkasalo et
al. (2002). The effect of log procurement region remains
at a lower significance compared to knots and log type
in determining the grade yield. Generally, there are more
significant explanatory variables for spruce, partly
demonstrating the small variations in timber proper-
ties, which affect the ability of the models to separate
the grades.

In comparison with other studies predicting grade
yield, the accuracy of the models was weaker in this
study. Uvrum (2008) predicted the INSTA 142 strength
grade distribution and NT grade distribution for Nor-
way spruce within a ten-percent margin. In this study,
the strength grade probability error was 16% at the
maximum when predicting grade distribution from log
properties, the mean being 10%. When predicting the
visual strength grade from sawn timber properties, the
error was smaller, the maximum error and mean being
13.0% and 7.5%. Lyhykéinen et al. (2009) reached, for
Scots pine, the mean absolute errors of 8.8-9.5% for
grades A and B, and less than 2% for combined C and
D grades. In this study, the mean absolute errors in
grade probability varied between 5.5% and 6.8%. The
between-study differences in the prediction accuracy
are most probably due to the differences in the number
and quality of explanatory variables. It should be noted
that no interaction variables were used in the models
of this study due to the fact that the interactions were
largely insignificant in the data.

The weaker classification ability of the models for
Norway spruce sawn pieces of lower visual strength
grades was partly due to the fact that the most com-
mon defects decreasing the grade were not individual
knots in the low end of grade distribution, but rather
other properties such as knot sum, and new shoot
formation from a branch, which occur rarely, but the

occurrence of which downgrade the grade fatally.
These factors were not included in the models as pre-
dictive variables, thus, the models placed such sawn
pieces into better grades. The most common reasons
for downgrading are for both Scots pine and Norway
spruce edge knots, which were excluded from the
model (see also Kirkkdinen 1980, @vrum 2008).

The main problem in the visual strength grading
is the low correlations between the grading parame-
ters and measured strength characteristics (Lindgren
1997, Jappinen 2000, Hanhijérvi et al. 2005). Knots
alone are a weak predictor of strength, but combined
with other properties, such as modulus of elasticity
or density, the predictive power increases. Lindgren
(1997) found that knots alone can explain less than 30%
of the variation in bending strength for Norway spruce.
Different knot parameters combined explain more, up
to 50% of the variation for Scots pine, and combined
with annual ring width up to the level of 42-57% (Lind-
gren 1997, Hanhijérvi et al. 2005). It should be noted
that the INSTA 142 grades explain, according to Hanh-
ijjérvi et al. (2005), only 22% and 55% of the variation
in bending strength for spruce and pine, respectively.

Concerning manual work, human variation in objec-
tivity, and the inability to look inside the sawn pieces
lead to the need for large risk tolerance in visual grad-
ing. Thus, the efficient utilization of the strength char-
acteristics of sawn timber demands more exact strength
grading. This probably leads to further investigation of
machine stress rating (MSR) using predictors more
strongly correlated with strength, although, at present,
these methods are already at an advanced level.

This study brought up some new information on
the quality of sawn timber and logs from Russia and
mostly confirmed earlier results and perceptions con-
cerning differences in timber properties between the
sub-regions in Finland and between Scots pine and
Norway spruce. Log and sawn timber properties proved
satisfactory as predictors of appearance grades and
visual strength grades when the response categories
were dichotomous. This proved a promising approach,
especially for Scots pine, for example, 76-87% of indi-
vidual sawn pieces were then classified correctly in
visual strength grading. This showed that the grading
methods can be seriously considered based also on the
sufficiency of the accuracy in practical grading.

The results of the study can be applied in the
planning of log procurement and sawn timber purchase
from the regions concerned when either appearance
grade or structural grade is emphasized, considering
the before-mentioned uncertainty in the representative
ability of the data. Moreover, the results provide ba-
sic information for the development of wood sorting,
either based on log properties or sawn timber proper-
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ties. The data will be used in a parallel study where
the regional differences in density, modulus of elas-
ticity, and bending strength are analyzed, the predic-
tive log and sawn timber properties are identified, and
models established for the estimation of these struc-
tural properties of sawn timber.
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®AKTOPBI, BIUSIOMIAE HA PACOPEJEJEHUE MO KJIACCAM KAUYECTBA U
MPOYHOCTU COPTUMEHTOB COCHBbI OBBIKHOBEHHOM U EJIM EBPONENCKOI1
MPU BU3YAJBHON OLNEHKE M MOJIEJWPOBAHUU B ®UHJISHINNA U HA
CEBEPO-3AITAJIE POCCUM

C. Xayramsaku, X. Knasneasiinen, K. Kannucro, T. Boan u E. Bepkacajo
Pestome

C nenbio BBISABICHHS KONEeOaHMS M MPOTHO3HPYEMOCTH pacIpeesIeHHs 10 KiaccaM KadecTBa OBLTH HCCIEIOBaHEI
00pa3ubl COPTUMEHTOB U MIJICHBIX 3aT0TOBOK COCHBI OOBIKHOBEHHOU (Pinus sylvestris) u enu eBponeiickoii (Picea abies) u3
Tpex pernoHoB OUHIAHANY U IBYX pernoHoB CeBepo-3amana Poccun. 3aMepsuinch XapakTepUCTUKH COPTUMEHTOB U IUJIEHBIX
(hparMeHTOB, ¥ POBOJMJIICS CTATUCTHYECKUH aHAIN3, B YACTHOCTH, Pa3iIMYMi 10 TreorpaduueckuM pernoHam.

OO6pasIs! IpeBeCUHbl BU3yalbHO KJIACCH(PUIIMPOBAINCH 110 KAYECTBY BHEITHETO BU/A M MIPOYHOCTH 10 CKaHIUHABCKUM
npaswiaM kinaccoB NT u T (Ilpumenenue npasuit INSTA 142 B GuHnstHANN) cOOTBETCTBEHHO. CTaBHIIACH LIENb OMPENCITUTD,
HACKOJIBKO TOYHO BO3MOXHO IIPOTHO3MPOBATH BBIXO/ COPTUMEHTA 110 KaccaM KadecTBa Ha 0a3e XapaKTepUCTHK COPTIMEHTOB
" IMHJIOBOYHHMKA C ITIOMOIIBIO 6[/lHapHOFO WJIX MHOTOYWIEHHOTO PETPECCUBHOIO MOACIUPOBAHUSA U, B YaCTHOCTH, COXPAHAIOTCA
JIM TIPY 3TOM PETHOHAIIBHBIE Pa3INYHs.

Tun copruMeHTa (4acTh CTBOJIA, U3 KOTOPOTO 3arOTOBJICHO OpEBHO M BH3yalbHas OIEHKA) OBLI CaMBIM Ba)KHBIM
OTAENBHBIM (haKTOPOM Il 00eHX MOPOJ NMPH IMPOTHO3MPOBAHMH KJIACCAa C MCIOJIB30BAaHUEM XapaKTEPUCTHUK COPTUMEHTA B
Ka4yecTBe NMPEAUKTOPOB. IIpu MCHOIB30BAHNU XapaKTEPUCTHK MIJIEHBIX 00Pa3lOB B Ka4eCTBE MPEIUKTOPOB, CAMBIMHU
CYIIECTBEHHbIMH HE3aBUCUMbBIMH NIEPEMEHHBIMHU GI)IJ'II/I XapaKTEPUCTUKH, CBA3aHHBIE C CyYKaMU. Feorpa(bnquKoe ITOJIOXKCHHUEC
HE BBICTYIIAJIO0 OCHOBHBIM (h)aKTOPOM IIPH MPOrHO3UPOBAHHMH BBIXO/Ia APEBECHUHBI ONPEIEISHHOT0 Kilacca IpH 000MX ITOX0AaX,
HO OHO OBLTO GOJIee OYEBHUIHBIM JUISI COCHBI OOBIKHOBEHHOM, HEXKEIJIN YeM JUIS eITH €BPOIICHCKOM.

JUIs IpOTHO3MPOBAHMS PacIpeeNIeHUs] 110 KJIaccaM KadecTBa M NMPOYHOCTH IPH BU3YalbHOH OIEHKE NMPHMEHSINCH
MHOTOYJIEHHBIE PerpeccHoHHble Mopenu. C MX HOMOIIBIO YAaI0Ch MPaBUIBHO MporHo3upoBars 40-50% kmacca NT u 44 —
59% knacca T mo oTAeNbHBIM NMUJIEHBIM oOpa3maM. /Jlng ompeneseHus KiIaccoB BU3YaJbHON MPOYHOCTH NMPUMEHSIUCH
OMHapHBIE PErpecCHOHHbBIE MOJIENH; YUUTHIBAINCH JIBE COOTBETCTBYIOIINE KaTEeTOPUH, HAIpUMep, JBa HAUBBICIINX Kiacca U
J1Ba HU3IMX. [laHHBIC MOZENH OKa3allCh CAMbIMU TOYHBIMU, ¥ OHU JaJIX IPaBUIbHBII IPOrHo3 76 — 83% BbIXoJa 1O IBYM
KJIaccaM, ¥ MOZEINH MO MPOTHO3UPOBAHUIO KIIACCOB COCHBI OOBIKHOBEHHON paboTany JTydile, 4eM MOJENH I10 €11 eBPOHEHCKOH.

Mexy perHoHaMH NPOSIBHINCH CEPbE3HbIE PA3NWUMs MO HECKOIBKUM XapaKTePHCTHKAM COPTHMEHTOB U IMHJICHBIX
o0pa3noB. B menom, BBIXOJ KJIaccoB MO KauecTBy ObUT HIDKe Mo HoBroponckoit u Bomoronckoit obiactsam, 4em 1o
Ounnsaaun. ITo enn eBponelcKkol pernoHaabHBIE PA3IHYHUs XapaKTEPUCTUK COPTHMEHTOB NMHJIOBOYHHMKA OBLIM HAMHOTO
MEHBIIIE, YEM I10 COCHE OOBIKHOBEHHOI.

KiroueBble cinoBa: Pinus sylvestris, Picea abies, muiomatepuasl, KacCU(HUKAIMSA 10 BHEIIHEMY BUAY, KITacCH()UKAIH
110 BU3YyaJbHOHM IPOYHOCTH, BBIXOJ IO Ki1accam, @unianaus, Poccus
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