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Abstract 

Summary 

Plank, Marlin E. Estimating value and volume of ponderosa pine 
trees by equations. USDA For. Serv. Res. Pap. PNW-283, 13 p. 
Portland, OR:  Pac. Northwest For. and Range Exp. Stn.; 1981. 

Equations for estimating the selling value and tally volume for 
ponderosa pine lumber from the standing trees are described. 
Only five characteristics are required for the equations. 
Development and application of the system are described. 

Keywords:  Lumber value, volume estimation, grading systems, 
ponderosa pine, Pinus ponderosa. 

This paper describes a system for estimating the selling value 
and lumber volume of ponderosa pine (Pinus ponderosa Dougl. ex 
Laws.) trees.  Similar systems have proved easier and more prac-
tical than the conventional method of listing logs by discrete 
classes. 

From a sample of 189 trees selected in western Montana, 154  
were used to develop two prediction model equations, one for 
estimating selling value and one for estimating tally volume of 
lumber.  A subsample of 34 trees was withheld from the analysis 
to test the equation. 

Measurement of five characteristics will enable the user to 
apply the prediction equations to other samples.  The tree 
characteristics are: 

1. Diameter 
2. Height 
3. Height to the first live limb 
4. The number of limb-free and defect-free faces on a butt 

32-foot log 
5. Total defect 

The prediction equations account for 91 percent of the vari-
ation in value and 97 percent of the variation in lumber volume 
as measured by the R2 values. 

When the system was applied to the 34 trees withheld from the 
original data, the prediction of total dollar value was 7.3 
percent more than the actual value and the prediction of volume 
7.0 percent higher than the actual volume of lumber recovered. 
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Introduction 

Study Procedures 
Sample and Field 
Procedures 

The State of Montana contains an estimated 11 billion board  
feet (International 1/4 inch rule) of ponderosa pine (Pinus 
ponderosa Dougl. ex Laws.) sawtimber (USDA Forest Service 
1973).  Much of this resource is growing on lands administered 
by the USDA Forest Service.  When offered for sale, stumpage 
value is determined by a system of five log grades.  Although 
this grading system is reliable, an easier and less costly 
method has been developed that will work equally well. 

The Northern Region (Region 1) of the USDA Forest Service is 
using equations that estimate the lumber tally volume and value 
of standing trees for several species.  Cruisers have found the 
method fast and simple to use, and the estimates obtained from 
the equations are being accepted by timber purchasers.  The 
equations in this paper were developed for ponderosa pine 
because it is the only major species log-graded in Region 1, 
and the goal is to get all major species in the Region on the 
same system. 

This paper presents, for timber managers, sellers, and buyers, 
equations for estimating total value and lumber volume of 
ponderosa pine trees.  It documents the steps in developing the 
equations, demonstrates their use, and shows how well these 
equations estimate value and lumber volume for a group of trees. 

A sample of 189 trees was selected to represent the range in 
size and quality of old-growth commercial ponderosa pine saw-
timber being used by sawmills' in western Montana.  The trees 
were from four areas on the west side of the Lolo National 
Forest.  Diameters ranged from 7 to 37 inches and heights from 
42 to 165 feet.1/_  The mean diameter was 22 inches and mean 
height 100 feet. 

The surface characteristics of the butt 32-foot portion were 
recorded for each standing tree.  All logs were identified with 
a tag showing tree and log numbers before they were removed  
from the woods.  In the millyard, they were scaled for board-
foot content in the woods length and after they were bucked on 
the mill deck, they were again scaled.  Scaling was done 
according to procedures in the National Forest Log Scaling 
Handbook (2409.11, Sept. 1973). 

1/To convert inches to centimeters, multiply by 2.54; to 
convert feet to meters, multiply by 0.304 8. 
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Developing the 
Prediction Model 
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The logs were then processed at a mill considered represent-
ative of mills processing ponderosa pine in the northern Rocky 
Mountain area.  The logs were sawn under normal conditions,  
with the intent of obtaining the highest value from each log. 
Lumber produced was either 4/4-inch or 5/4-inch shop or 1-inch 
boards.  The values and volumes were based on kiln-dried, 
surfaced lumber tally according to general industry practice. 
All lumber was identified throughout the milling phase so that 
each piece could be related to the log and tree from which it 
originated. 

Before data analysis, 34 of the 189 sample trees were randomly 
selected as a subsample for testing the prediction equations 
that would be developed.  Of the remaining trees, one was inade-
quately measured, leaving 154 trees as a base for developing  
the equations. 

Twenty-nine variables were screened with a multiple regression 
program (Dixon 1964) to determine tree characteristics that 
would be most highly correlated with value and volume of lumber. 
The independent variables that were examined are listed in 
appendix 1.  Previous studies (Lane et al. 1970, Plank and 
Snellgrove 1978, Snellgrove et al. 1973) of other species have 
indicated that many characteristics are poorly correlated with 
value or volume, so they were not measured. The forward step-
wise regression procedure was used to select the subset of 
independent variables to be included in the regression model  
for predicting value or lumber tally volume of the trees. 

The screening process indicated that six tree characteristics 
should be observed and recorded. 

These characteristics, described in the next paragraph, together 
with several transformations of the same characteristics, were 
selected as the best independent variables to be used in the   
two models.2/  These variables were used with lumber yield 
information to develop the regression equations for predicting 
total value (dollars) and lumber volume (board feet) per tree. 
The same set of independent variables did not survive as the 
best estimator of both value and volume; consequently, separate 
equations were chosen to estimate the dependent variables.  The 
final variables selected for the models were the ones that were 
most practical for application in timber appraisals and that 
statistically accounted for the most variation in volume and 
value. 

2/Transformations are used not only for constructing inter-
action variables but also for changing the form of the indivi-
dual variables so that more of the variation can be explained. 

 



How the System 
Performs 

The following model equations are used for predicting total 
dollar value and total lumber volume of a tree: 

Total value = b0+b1(LDFF32)+b2(PADEFT)(D
2
H) 

+b3(DEFPER)(D
2
H)+b4(D

2
) 

+b5(DH)+b6(D
2
H). 

Total lumber volume = b0+b1(H)+b2(HTFLL) 
+b3(DEFPER)(D

2
H) 

+b4(DEFSQR)(D
2
H)+b5(D

2
H); 

where: 
b0 is Y intercept constant, 
b1, b2...b6 are regression coefficients, 
LDFF32 is the number of limb-free and defect-free faces on the 
butt 32-foot log, 

PADEFT is the presence or absence of any defect (1 if present, 
0 if absent), 

DEFPER is estimated defect expressed as a percentage of gross 
cruise volume, 

D is diameter at breast height (inches), 
DEFSQR is estimated defect percent squared, 
H is total tree height (feet), 
HTFLL is the height to the first live limb. 

Coefficients for the volume equation are as follows: 

b0 =-3.00685 
b1 =-0.826482 
b2 = 0.422030 
b3 =-0.0000843925 
b4  = 0.000000829797 
b5 = 0.0155223 

Coefficients for the value equation vary as lumber prices vary 
and can be determined by the steps in the section, "How To Use 
the System." 

The equations account for 91 percent of the variation in dollar 
value and 97 percent of the variation in lumber volume.  The 
standard error of estimates are $51.89 and 139 board feet. 

From the sample of 189 trees, a subsample of 34 trees was 
randomly selected to test the performance of the estimating 
equations.  The general characteristics (d.b.h., total height, 
criteria for the faces, height to first live limb, and defect) 
were recorded for each of the 34 trees in the subsample.  Pre-
dictions of selling value and volume of lumber were then calcu-
lated using the equations. 
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Table 1 shows comparisons of estimated and actual values for the 34 
subsample trees.  Figures 1 and 2 show that the estimates of value and 
volume are about equally split by the 45-degree line. 

Table 1--Comparison of estimated and actual selling value and volume 
of lumber from 34 ponderosa pine trees 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.--Actual value versus estimated value of ponderosa 
pine trees 
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Figure 2.--Actual volume versus estimated 
volume of ponderosa pine trees. 

HOW To Use           Computer facilities for making regression analyses are essential 
the System           for efficient use of this system.  Regression coefficients for 

tree values are derived from the tree characteristic data, the 
lumber grade yield data for each tree in the base study, and 
appropriate lumber prices.  These data and the card format for 
the 154 trees are shown in appendix 2. 

The total lumber tally volume of a tree or group of trees  
may be estimated by solving the following equation using the 
coefficients shown:_3/ 

Total lumber tally 
volume (board feet) = 3.00685-0.826482(H)+0.422030(HTFLL) 

-0.0000843925(DEFPER)(D2H) 
+0.000000829797(DEFSQR)(D2H) 
+0.0155223(D2H). 

A procedure for developing a value equation for the 154 tree 
data set and current prices is as follows: 

1.  Assign current or desired lumber prices to each lumber 
grade recorded in the base study. 

3/Note that this system was developed to predict values and 
volumes of +/4- and 5/4-inch lumber.  Using this system to 
predict values and volumes in areas where relatively large 
amounts of dimension lumber are obtained may not give accurate 
results. 
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2. Multiply these prices by the appropriate lumber yield 
information shown in appendix 2 to obtain a dollar value 
for each of the 154 trees in the base study. 

3. Use an appropriate multiple regression program to develop 
the value equation coefficients for the 154 trees.  Use the 
computed total dollar value (step 2) and five of the 
six tree characteristics in the following transformations: 

Dependent variable: 
Total dollars/D2H 

Independ nt variables: e
LDFF32/D2H 
PADEFT 
DEFPER 
D2/D2  H
DH/D2H 
1/D2H 

4. Select sample trees. 

5. Measure and record for each sample tree the five character- 
istics:  (1) diameter, (2) height, (3) defect, (4) presence 
or absence of defect, and (5) number of limb- and defect- 
free faces in the butt 32-foot log. 

6. Now apply this equation to a new group of trees using the 
following steps:  Use coefficients developed in step 3 to 
solve the value equations for the sample trees selected in 
step 4. 

Conclusions 
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Field tests of this system and similar systems have demonstrated 
that they have a number of advantages over the conventional log 
grading method.  It is faster to apply in the field and thus 
more economical.  Fewer judgment factors are required than with 
the log grading system presently used for ponderosa pine. 
Selling price is calculated easily and more directly than by 
methods that involve adjusting yield by log overrun estimates. 
In addition, training and checking of cruisers are easier. 

This system is similar to others that have been used success-
fully by the USDA Forest Service in the northern Rocky 
Mountains.  The performance of these systems and their accep-
tance by both timber buyers and sellers indicate that they are 
simple, workable, methods of estimating the quality of standing  
Sawtimber. 

 



This system was developed where the major portion of lumber was 
manufactured into 4/4-inch and 5/4-inch items.  Inferences as  
to the applicability of the system in areas where dimension 
lumber is a sizable portion of the cut may give misleading 
results. 
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Appendix 1. 
Independent 
Variables 

Defect related variables: 

1. Defect percent. 
2. Defect percent squared. 
3. Presence or absence of defect. 

Quality related variables: 

4. Number of limb- and defect-free 8-foot panels on the butt 
16-foot log. 

5. Number of limb-free 8-foot panels on the butt 16-foot log. 
6. Number of limb- and defect-free 8-foot panels on the butt 

32-foot log. 
7. Number of limb-free 8-foot panels on the butt 32-foot log. 
8. Number of limb- and defect-free 16-foot faces on the butt 

32-foot log. 
9. Number of limb-free 16-foot faces on the butt 32-foot log. 

 

10. Number of limb-free faces with no defect on the butt 
16-foot log. 

11. Number of limb-free faces on the butt 16-foot log. 
12. Number of limb-free faces with no defect on the butt 

32-foot log. 
13. Number of limb-free faces on the butt 32-foot log. 
14. Length of scar. 
15. Presence or absence of scar on butt log. 
16. Presence or absence of conks. 
17. Size of the largest limb on the butt 16-foot log. 
18. Size of the largest limb on the butt 32-foot log. 
19. Height to the first live limb. 

Volume related variables: 

20. d.b.h. = D 
21. Total height = H 
22. D

2
 

23. DH 
24. H

2
 

25. D/H 
26. H/D 
27. (H/D

2
) 

28. D
2
H 

29. 1/D
2
H 
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Appendix 2. 
Tree Quality 
Characteristics 
and Lumber 
Yield Data 

The tree quality characteristics and lumber yield data for each 
of the 154 trees in the base study are listed according to the 
card format shown below. 

Columns Data 

1-3 Tree number 
4-6 d.b.h. 
7-9 Total height 
10 Number of limb- and defect-free (clear) faces 

on the butt 32-foot log 
11-12 Height to the first live limb 

13 Presence or absence of defect 
14-16 Defect percent 
17-20 Volume of B Select lumber 
21-24 Volume of C Select lumber 
25-28 Volume of D Select lumber 
29-32 Volume of Moulding lumber 
33-36 Volume of 3 Clear lumber 
37-40 Volume of 1 Shop lumber 
41-44 Volume of 2 Shop lumber 
45-48 Volume of 3 Shop lumber 
49-52 Volume of Shop-out lumber 
53-56 Volume of 2 Common & Btr lumber 
57-60 Volume of 3 Common lumber 
61-64' Volume of 4 Common lumber 
65-68 Volume of 5 Common lumber 
69-72 Volume of Pitch Select lumber 
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Data Cards 
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