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Abstract

A multivariate regression model was
developed to predict green board-foot
yields for the seven common factory
lumber grades processed from northern
red oak (Quercus rubra L.) factory
grade logs. The model uses the stan-
dard log measurements of grade, scal-
ing diameter, length, and percent
defect. It was validated with an inde-
pendent data set. The model can be
modified to predict various combina-
tions of lumber grades.
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Introduction

Tables for estimating northern red
oak dry lumber grade yields from fac-
tory grade logs have been developed in
the past (Hanks et al. 1980; Schroeder
and Hanks 1967). These tables were
developed to provide estimates of lum-
ber grade yields and values for graded
hardwood logs. The yields by lumber
grade were expressed as a percentage
of total dry lumber tally volume. To ap-
ply the percentages, an independent
estimate of lumber tally volume was re-
quired, using an appropriate log rule
and estimated mill overruns. The tables
provide the means to calculate good
estimates of log value, but are difficult
to use in mill efficiency simulation and
economic models. Most mill efficiency
models also require estimates of green
yields rather than dry yields so that in
the analysis the drying process can be
separated from the sawing process.

We have developed a multivariate
regression equation for predicting green
board-foot lumber grade yields that is
easy to use with computer analysis
techniques. This report does not
supersede the previous reports. It pro-
vides a tool for analyzing log quality im-
plications more efficiently in the
manufacture of hardwood factory lum-
ber.

Data

The logs used in this study were
sawn at eight band sawmills located in
four states — Virginia, West Virginia,
North Carolina, and Tennessee. This
data set is part of the data used in the
study by Hanks et al. (1980).

Although many independent varia-
bles were originally recorded for each
log, only four proved important for yield
predictions:

1) Factory log grade, as defined
by Rast et al. (1973);

2) Scaling diameter (D) of the
small end of the log to the
nearest inch

3) Log length (L) in feet

4) Percent defect (P) expressed
in decimal form (Rast et al.
1973).

The lumber resulting from milling
the logs was graded in the green condi-
tion by graders certified by the National
Hardwood Lumber Association. The
lumber grades used are listed below
with their abbreviations:

Lumber Grade Abbreviation
Firsts and Seconds FAS
FAS one Face F1F
Selects SEL
One Common 1C
Two Common 2C
Three A Common 3A
Three B Common 3B

A data set of 1053 logs was used
in developing the mode!l. Table 1 pre-
sents the average log measurements
by log grade.

Table 1.—Averages and ranges of the log measurements of the model

development data set

. - . Standard
Variable Average Minimum Maximum deviation
Log Grade 1 (325 logs)
Scaling diameter
(inches) 19.7 13.0 31.0 37
Length
(feet) 141 10.0 17.0 2.2
Scalable defect
(proportion) 0.04 0.00 0.36 0.06
Log Grade 2 (435 logs)
Scaling diameter 15.6 10.0 29.0 3.6
Length 12.6 8.0 16.9 25
Defect 0.07 0.00 0.42 0.09
Log Grade 3 (293 logs)
Scaling diameter 12.8 8.0 27.0 3.6
Length 11.9 8.0 16.8 2.6
Defect 0.08 0.00 0.59 0.10




Model Development

Multivariate regression analysis
was appropriate for the data set since
there were multiple dependent varia-
bles, seven lumber grade yields for
each log. The model is of the general

form

y = xB
where

y = a row vector of the seven lum-
ber grade yields

x = a row vector of the independ-
ent variables

B = a matrix of coefficients deter-
mined by regression analysis.

Since log grade is a classification varia-
ble with three levels, dummy variables,
G+ and G2 were used to account for
lumber grade yield variations due to dif-
ferences in log grades (Draper and
Smith 1981). The different combinations
of G+ and Gz for the three log grades
are:

Log Grade G Gz
One 1 0
Two 0 1
Three 0 0.

A weighted regression model pro-
posed by Bruce (1970) was expanded
to include dummy variables and multi-
ple yields. It had the form:

Yi/(D2L) = bio+bi1/D + biz/D2 + biasP
+ bia*G1 + bis*G1/D + bis*G1/D2 + bireG1P

+ bie*Gz + bie*G2/D + bi10*G2/D? + bi112GzeP

where

Yi = green board foot volume for
the ith lumber grade,
i=1,...,7;
Y: =FAS, ..., 3B
weighting variable
coefficients determined by
regression for the ith lumber
grade and the jth independent
variable.

D2l
bij

(]

This model resulted in logical pre-
dictions of green board-foot volumes for
each lumber grade. Two of the dummy
variables (G1/D2 and G2/D) were not
significant at the 0.05 level of signifi-
cance. Therefore, the equation was re-
duced to the following form for testing
(coefficients will be presented later):

- Yi/(D2L) = bio+ bi1/D + bi2/D2? + bia*P

+ bia*G1 + bis*G1/D + bie*G1P

Validation

The set of data from a ninth mill
was excluded from the model develop-
ment phase of the study and used as a
validation data set. This set consisted
of 98 logs. Averages of log measure-
ments are listed in Table 2. The method
used for testing the equation involves
the calculation of coefficients for the
proposed model based on the validation
set (Seegrist 1975). These validation
coefficients are then compared to the
coefficients from the developed model.
If there is no statistically significant dif-
ference between the two sets of coeffi-
cients based on the Wilks-Lambda
statistic, the model has passed the vali-
dation test.

The Wilks-Lambda statistic result-
ing from the test was 0.89. Since this is
larger than the critical value, 0.84, at
the 0.05 level of significance, the hy-
pothesis that there was no difference in
the coefficients between the two data
sets was not rejected; therefore, the

+ birG2 + big*Gz/D2 + bigeGz*P. (1) model was validated.

Table 2.—Averages and ranges of the log measurements
of the validation data set

. - . Standard
Variable Average  Minimum  Maximum deviation
Log Grade 1 (26 logs)
Scaling diameter
(inches) 18.6 13.0 25.0 29
Length
(feet) 13.4 10.0 15.0 1.4
Defect 0.07. 0.00 0.24 0.7
Log Grade 2 (40 logs)
Scaling diameter 15.1 11.0 24.0 2.8
Length 13.1 8.1 17.4 22
Defect 0.05 0.00 0.20 0.06
Log Grade 3 (32 logs)
Scaling diameter 11.5 8.0 16.0 2.2
Length 11.6 8.0 16.7 2.5
Defect 0.06 0.00 0.27 0.06




Results

The regression was rerun using the
data from all the mills. All of the coeffi-
cients were significantly different from
zero at the 0.05 level, with an overall
Wilks-Lambda statistic of 0.005, indicat-
ing a very good fit of the model. For
use, the weighted model (1) is rewritten
by muitiplying both sides of the reduced
equation by D2L. The final equation is
then of the form:

Yi = bio*D2L + bitsDsL + bizeL + bizeD2eL«P
+ bisD2eL+G1 + bis*DeL+G+
+ big*D2eLsP+G1 + hizeD2eL G2

+ bigsL*Gz2 + bigeD2eL+P+G2 (2)

The final coefficients from this pooled data
set are listed in Table 3. A comparison of
the actual and predicted average yields

for the pooled data set is presented in
Table 4.

To further simplify the model, the
dummy variables for log grades can be
eliminated, resulting in three separate
equations for each lumber grade:
log grade 1, lumber grade i

Yi = (bio+ bia)D2sL + (bi1 + bis)DeL + bizsL
+ (bia + bis)D2sLsP

log grade 2, lumber grade i

Yi = (bio + biz)eD2sL + bireDeL + (Di2 + bie)oL.
+ (biz + big) D2eL+P

log grade 3, lumber grade i

Yi = bioeD2eL + bireDeL + bizeL + biaeD2eL+P.

Table 3.—Matrix of coefficients (by) for the final model

Independent variables (j)

L:‘:ggi’ D2L DL L DeLlP  DeLGw  DLG:  DAPG:  DeLGe LGe  D2LPGe
g (i) 0 1 2 3 4 5 7 8 9
FAS 1 0.0049 -0.0815  0.3414 -0.0006 0.0284 -0.2407 -0.0279 0.0058 -0.5122 —0.0071
F1F 2 0.0066 -0.1049 0.4188 -0.0010 0.0023 0.0403 0.0025 0.0028 -0.0873 —0.0070
SEL 3 0.0007 -0.0132 0.0894 0.0009 0.0012 -0.0086 -0.0015 -0.0002 0.1684 —0.0022
1C 4 0.0267 -0.3261 1.1441 -0.0066 -0.0107 0.1758 0.0190 0.0054 -0.1512 -0.0082
2C 5 -0.0028 0.4062 -2.4485 -0.0050 -0.0060 0.0213" 0.0041 -0.0040 0.4528 0.0043
3A 6 -0.0011 0.1663 -0.1109 -0.0047 0.0004 -0.1081 0.0109 -0.0027 -0.2437 0.0083
3B 7 0.0053 -0.0226 0.2609 -0.0012 -0.0041 -0.0008 0.0025 -0.0034 0.0864 0.0056
Table 4.—Averages of actual and predicted green board-foot
volumes for the pooled data set
Lumber Log Grade 1 Log Grade 2 Log Grade 3
grade Actual Predicted Actual Predicted Actual Predicted
FAS g97.2 94.5 15.3 14.7 1.9 1.9
F1F 38.0 38.5 12.3 12.2 2.7 2.8
SEL 6.5 6.2 2.2 2.2 0.7 0.7
1C 66.2 67.2 48.8 48.4 19.2 19.0
2C 34.1 34.3 32.8 32.6 26.6 25.9
3A 12.1 12.2 16.6 16.7 20.3 20.8
3B 4.1 4.1 6.9 7.0 10.1 10.6
Total 258.2 257.0 134.9 133.8 81.5 81.7




Table 5 is an example of the tabular
volumes estimated from the multivariate
model for grade 1 12-foot logs with 5 per-
cent scalable defect. This table cannot be
directly compared with the tables devel-
oped by Hanks et al. (1980) until the vol-
umes are converted to percentages and
green to dry degrade factors are applied.

By substituting the average log
length and defect of the validation set
(Table 2) into the final model (2), we
can derive an estimate of total green
board foot lumber tally by scaling diam-
eter. The total lumber tally estimates
from the model are plotted with the ac-
tual data from the validation set in Fig-
ures 1, 2, and 3. We also plotted the
appropriate volumes from the net Inter-
national /s-inch and Doyle log rules.
The relationships between estimated
lumber tally volume and the log rules
are reasonable for an efficient band
sawmill producing standard factory lum-
ber.

One common way to judge the ef-
fectiveness of different quality stan-
dards is to compare their estimates of
volume in an index lumber grade such
as No. 1 Common and Better. In Fig-
ures 4, 5, and 6 the predicted volume
of 1C and Better from the multivariate
model is plotted over the actual valida-
tion data. There is a distinct and uni-
form difference among the three log
grades.

Table 5.—Predicted green board-foot lumber grade yields
(log grade 1, log length 12, defect 0.05)

Scaling Lumber grade

diameter FAS F1F SEL 1C 2C 3A 3B
13 18 13 1 24 19 7 2
14 25 15 2 28 22 8 2
15 32 18 2 32 24 8 2
16 40 20 3 36 26 9 3
17 49 23 3 41 27 9 3
18 58 26 4 46 29 10 3
19 69 29 4 51 30 10 3
20 80 33 5 57 31 11 4
21 92 36 5 64 32 11 4
22 104 40 6 71 32 12 4
23 117 44 7 78 32 12 5
24 132 48 8 85 33 13 5
25 146 53 9 93 33 13 6
26 162 58 9 102 32 14 6
27 179 63 10 110 32 14 7
28 196 68 11 120 31 15 7
29 214 73 12 129 30 15 8
30 232 79 13 139 29 15 8

Applications

As shown in Figures 1, 2, and 3,
the model provides good estimates of
total green lumber tally volume. This
eliminates the need to calculate log
scale volume and overrun in some
computer analysis applications. Sawmill
managers with computer facilities may
also use the model to predict expected
total lumber tally volume and volume by
lumber grade from a group of graded
logs.

A multivariate model is flexible
enough that appropriate lumber grade
coefficients can be combined if some of
the seven grades are not separated at
a particular mill. For exampie, if No. 3
common (3C) lumber is not broken
down into 3A and 3B lumber grades,
the coefficients for 3A and 3B (rows 6
and 7 in Table 3) may be added to-

gether. This results in a 6 x 10 matrix
of coefficients that predicts FAS, F1F,
SEL, 1C, 2C, and 3C. The equation for
predicting the volume of 3C lumber is
then:

Ye+Y7 = 0.0042(D2-L) +0.1437(D-L)
+0.1500(L) — 0.0059(D2sL+P)
—0.0037(D2L+G1) —0.1089(D+L+G1)
+0.0134(D2sL*P+G1) — 0.0061(D2L-G2)
—0.1573(L*Gz2) + 0.0139(D2eL+P+G2).
As this equation illustrates, the same re-
sult can be obtained by predicting 3A and
3B fumber yields and adding these yields
together to predict 3C lumber yield. The
above methods can be used to predict

other grade combinations such as 1C and
better or F1F and better.

(text follows on page 11)
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Figure 1.—Comparison of total board volume predicted by the model, and by two
popular tog rules, with the actual volume of validation data set (Log Grade 1).
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Figure 2.—Comparison of total board volume predicted by the model, and by two
popular log rules, with the actual volume of validation data set (Log Grade 2).

MULTIVARIATE EQUATION

3 1
3 2 NET INTERNATIONAL
2 NET DOYLE

20 22 24 26

SCALING DIAMETER (INCHES)



QOr amd —-mmm g9Aa>om

450

250

200

150

109

Figure 3—Comparison of total board volume predicted by the model, and by two
popular log rules, with the actual volume of validation data set (Log Grade 3).
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Figure 4.—Predicted volume of No. 1 Common and Better compared with actual
volume of the validation data set (Log Grade 1).
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Figure 5.—Predicted volume of No. 1 Common and Better compared with actual
volume of the validation data set (Log Grade 2).
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Figure 6.—Predicted volume of No. 1 Common and Better compared with actual
volume of the validation data set (Log Grade 3).
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The examples point out another
aspect of the model’s flexibility. It can
be used as a single large matrix equa-
tion to predict board-foot volumes of all
seven lumber grades simultaneously for
any group of factory grade logs. Only
log grade, diameter, length, and percent
defect are needed to solve the equa-
tions. Because there are a large num-
ber of coefficients in the complete
model, at least a minicomputer with
substantial memory and matrix algebra
functions is necessary to solve the
equations efficiently. The model can
also be divided into seven separate
equations, one for each lumber grade,
and solved in stepwise fashion on
smaller microcomputers. Finally, any
number of the seven equations could
be combined into broader product
classes by adding the appropriate coef-
ficients. These combined equations
could be solved by some programmable
hand-held calculators.

Although this model was developed
for northern red oak sawed in band
sawmills, it may be suitable for related
species or circular sawmills if the
proper conversions are applied. The
model is presently being tested on
other species.
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