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Abstract. International 1/4-inch board-foot volume equations are presented 
for the 17 species groups used.in the forest survey of the 14 northeastern 
states. The volume equations are nonlinear in form. 

As a result of the ever-increasing use of auto- 
mated data processing equipment, the demand for 
volume tables in equation form has risen. Some 
find it more efficient to  compute a volume for a 
given species, diameter, and bole length than to 
store and access the tables. Others may simply 
find the equation form more convenient to use. 
than the tables. The board-foot volume equations 
presented were chosen for convenience and accu- 
racy. 

BACKGROUND 

The development of the board-foot volume ta- 
bles parallels that of the companion cubic-foot 
volume tables, as described by Barnard et al. 
(1973). The original data used to  develop the 
tables are not available; thus only the individual 
cell values (means) were utilized in the develop- 
ment of the board-foot volume equations. The 
goal of the analysis was to find an equation form 
that would predict the individual cell values accu- 
rately and avoid trends in the residual errors (ac- 
tual minus predicted values). 

The volume tables are divided into 17 species 
groups. The resulting 17 tables give the Interna- 
tional 1/4-inch board-foot volume by 2-inch di- 
ameter class and half-log height class (assumes a 1- 
foot stump). The minimum top diameter outside 
bark is 9 inches for hardwoods and 7 inches for 
softwoods. Diameters ranged from 10 to  46 inches 
for softwoods (species groups 1 to 6) and 12 to 40 
inches for hardwoods (species groups 7 to  17). The 
number of half-logs ranged from 1 to 10. Thus the 
bole lengths in the equations ranged from 8 to 80 
feet. The tables are applicable to the 14 northeast- 
ern states surveyed by the Resources Evaluation 
Unit of the Northeastern Forest Experiment Sta- 
tion. 

EQUATION DEVELOPMENT 

The recent rapid development of computer tech- 
nologies has been paralleled by rapid develop- 
ments in standard statistical programs. These 
packages have made the linear and nonlinear 
analyses of the board-foot volume tables used in 
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Table 1 -0oard.foot volume equation statistics 
(International 114-inch log rule) 

General equation form: V = b, + bl  D~~ + b3 D ~ ~ H ~ ~  
Where: 

V = gross board-foot volume 
D = Diameter at breast height (dbh) in inches 
H = bole length in feet 

Group Species 

Softwoods 
1 White, red pine 
2 Red, white, black spruce 
3 Balsam fir 
4 Hemlock 
5 Hard pines, tamarack, Norway spruce 
6 Cedar species 

Hardwoods 
7 Sugar maple 
8 Soft maple, yellow-poplar 
9 Ash species, aspen species 

10 Black cherry 
11 Birch species 
12 Beech 
U 18asswaod 
:l# Redioak~,:s.wee$gum,, I'lackgum 
35 Chestn~t,oa;k 
1-6 Hwko~y  
17 Other hardwoods 

b5 No. of 
cells 

Average Average 
square relative >5% 
error error (%) <10% 



this study possible at a relatively low cost. Several 
simple and multiple linear equations, weighted 
and unweighted, as well as some logarithmic 
transformations of nonlinear equations, were 
tried. Finally, equations that are strictly nonlinear 
in their parameters were tried; they more ade- 
quately estimated the table values. 

Nonlinear regression techniques have only re- 
cently come into widespread use.' With nonlinear 
regression the standard linear statistical tests can- 
not be applied with known reliability. Thus the 
equation forms were chosen for lack of trends in 
the residuals and minimum average relative error. 
The percent relative error is the absolute value of 
the difference between each table cell value and its 
predicted value, divided by the cell value. The 
average relative error is simply the average percent 
relative error over all cells in the table. 

On this basis the equation form chosen was: 

where: 
b,. . .bs = parameters to be estimated 

For species groups 9 and 11, the nonlinear re- 
gression failed to converge because of the presence 
of the bl Llb2 term. With bz set equal to 3.0, the re- 
gression oanverged. The 3.0 value was chosen on 
the basis af the other hardwood species group val- 
ues and on dimensional considerations. 

BOARD-FOOT 
VOLUME EQUATIONS 

The valqes of the parameters (b,. . .bs) and the 
number of "observations" (cells) for each species 
group are given in Table 1. Also shown are the av- 
erage squared error (mean square error) and the 
average relqtive error. The number of values with 
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For a detailed treatment of the Gauss-Newton meth- 

od of nonlinear. regression, refer to sources such as 
Chapter 8 of D~aper and Smith (1966). 
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relative errors greater than 5 percent but less than 
10 percent, and the number greater than 10 per- 
cent are also given. 

To use the equations, three items must be re- 
corded for each tree; (1) species; (2) dbh; and (3 )  
bole length (in feet) to the minimum diameter. As 
stated earlier, the minimum top diameter (outside 
bark) is 7 inches for softwoods and 9 inches for 
hardwoods. For example, the board-foot volume 
of a 22-inch dbh white pine, with a bole length of 
56 feet, is 407 board feet, according to the table. 
Using the equation yields a value of: 

V = - 12.25 - 0.02418(22) 2'6865 

+ 0.096 1 (22)2.2254(~6)0.4222 
= 405.1 board feet 

The error in estimation is 1.9 board feet, or 0.46 
percent. This equation form may be tedious to 
compute on a hand calculator but is easy to use on 
a computer. 

The volume equations presented could not be 
chosen by rigorous statistical testing, because only 
the table cell means were available. The equations 
were developed to predict cell means as closely as 
possible with as few terms in the equations as pos- 
sible. The use of the equation form is not necessar- 
ily advocated; the equations were developed only 
for convenience and efficiency. 
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The board-foot volume tables used in the northeast- 
ern forest survey and in this study are available upon re- 
quest from the Resources Evaluation Unit of the North- 
eastern Forest Experiment Station, 370 Reed Road, 
Broomall, PA. 19008. 
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