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Abstract 

This paper lX"esents a taper equation developed to describe stem 
form for young-growth mixed conifers in Northern Cal ifornia based upon 
stem analysis data collected by the Northern California Forest Yield 
Cooperation (NCYFC). These models can be used to p-edict upper stem 
diameters as a function of relative height and DBH. Additionally, these 
models can be used to create volune tables to any merchantable top diam
eter . 

This note is comlX"ised of two parts. The first section p-ovides an 
overview of the project and lX"esents the volune tables arising from the 
study. The second section is a technical report describing the develop
ment of a taper equation and accuracy of the model. 
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Defini tion of Variables 

Variable(s) : De fin i tion 
r 

b1' b2 
cO,c1,c2 

d 
dib 
DOB 
DBH 
h 

H 
y= hi H 
x= dlDBH 

~ 
I n( x) 
ex p( x) 
S 
y.x 

R2 
11m 

I 

: Regression coefficients for the taper equation
: Regression coefficients for the tree volune equation
I 
I 
I 
I Predicted diameter inside bark (in.) 
I 
I Diameter inside bark (in.)
I 
I Diameter outside bark (in.) 
I 
I Diameter outside bark at breast height ( in.) 
I 
I Distance in feet above ground to &>me 
I 
I point on the tree bole. 
I 
I Total heig ht 
I 
I Relative height above ground
I 
I ReI ati v e d iameter 
I 
I 

:A constant in the taper equation tJ1ich forces the 
: equation to go through the tip of the tree. 
I Natural logarithm of.x 
: 2.7183 raised to the p)wer of x 
I Stand ard dev iation of the resid ual s 
I 
I 
I about the reg ression of "y" on "x" 
I 
I Squared multipl e correl ation coeffic ient
I 
I allanetr ic constant 
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I. Introduction 

This report describes the developnent of taper equations for the 
mixed conifer species of Northern California. These species include 
ponderosa pine (PP), Ibuglas fir (DF) , white fir (WF), red fir (RF), 
sugar pine (SP) and incense cedar (IC). 

Data from CNer 1,000 stem anal ysis trees felled by the NCFYC Coop 
between 1980 and 1981 were utilized to characterize stem profile. A 
subset of the data was selected to develop a flexible taper equation 
that accuratel y describes stem form vtlil e another portion was retained 
for testing purposes. These equations ~re then used as a basis for gen
erating cubic foot and board foot vol une tables. In all cases a 1-foot 
stunp height is assuned. 

General taper equations may be integrated mathematically to Iroduce 
tree volune tables. fb~ver, this approach will not lead to volunes 
identical to those Iredicted from tree volune Irediction equations. This 
is because the volune of the treee of average Irofile for a given height 
and diameter class is not necessar il y equal to the average vol une of the 
trees in that class. Krun land and Wensel(1983) compared these two 
approaches in their work with red wood (Sequoia sempervirens) and found 
that the taper-based volune and tree volune p"'edictions ~re generally 
within 1-3 per cent of each other vtlen p"'edicting cubic volune to a 5
inch top. For Ibuglas fir (Psuedotsuga mensiesii) the two approaches 
led to volune differences within 5 per cent of each other. This differ
ence notwi thstand ing, taper equations prov id e the means to assess upper 
stem diameters that are requisite for making deductions by log position. 
Too, log Iroduct mix can be Iredicted via taper equations vtlereas volune 
equations only estimate vtlole tree volunes. It is also possible to use 
taper equations to apportion the volunes calculated from whole tree 
volune equations. 
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II. Summary of Results 

A. Taper Fquations 

The taper equations developed to describe stem form of young-growth 
mixed conifers in northern California based upon the NCFYCCoop Stem 
Anal ysi s data was: 

1/3

d = DBH[b1 + b2 In (1-,\(h/H) )] W"iere f'-= 1-ex p(- b1/b2 )


The coeffic ients and fit statistics are given in Table for the six 
species	 considered. 

Table 1. Coeffic ients and fit statistic s for the taper equation 

I I


I
I I

I
pp I. DF ,..

RF I WF I SP I IC I
I


I I	 I

I I I
Species 

I I I I

I I I I I I I I


I

I


: b1 I 
1.019589 :

I 
1.029288 :

I 
1.075880 :

I 
1. 092615: 

I 
1.06932: 

I 
1. 071 343 :

II I I I I , I I 

I I


. . I I I I I .I I I I I I I I


Ib I
I I I I

I 2 I 0.335666 I 0.334012 I 0.353784 I 0.365295 I 0.415632 I 0.472157: 
I


I I I I I 

I I. . I
I 

I
I 

I
I 

I
I 

I I

I I


I I I I I I I I

I I I I I I I I

'n I 2014 I

I 1588 I
I 312 I

I 2645 I
I 692 I 541 I.I 

I I I I I I

I I I I I I I I


: m.mber 
I
I I

I I
I 

I
I 

I
I 

I
I 

I
I


: of trees: 254 : 202 : 43 I 361 I 841 95: 
I
. .	 I I I I I 

I I I I I I ,. 
: R2 

I
I o. 9907: 0.9895: o. 9911: 0.9895 I 0.9920 I o. 9894 :I I I . .	 I


I I I I I
,
I

,
I

I I	 I


IS I
I 1.2436: 1. 0704 I 1. 1069: 1. 1838: 1. 1535 : 1.0213, 

I


: y.x I
,
I 

I
I 

I
I 

I
I 

I
I 

I


I I I I I I I
I

1 (in.) I I I I I I


R2 =	 Squared multiple correlation coefficient for d. 

S
y.x 

=	 Standard deviation of the residuals about the regression

ofyonx.


This model can be used to obtain tree volunes by section as well as 
whole tree volunes. The volune tables presented herein were generated
with these equations. 

B. Volune Fquations 

An al ternative to taper-based vol une estimates is the developnent 
of volune equations for estimating W"iole tree volune. These model scan 
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not be used to ITedict volune by section, but should ITovide slightly 
better estimates of tJlole tree volune. The form of these models waS! 

In(V) = Co + c1 In(DBH) + c2 In(H) 

where In = natural logarithm 

The tree volune coefficients and fit statistics are given in Table 2 for 
the six spec ies consid ered . 
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Table 2. Fit Statistics and Coefficients for the Volune Equation 

In(V) = Co + c1 In(DBH) + c2 In(H) 

Species 

pp DF , RF WF SP IC 
I 

0 
0 c.. 

4 0 

u -0
..c..:r 
:J 

U 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

: 
I 

Co 
c1 
c2 

n 

R2 

Sy.x 
(cu ft) 

I
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I
1 
I

: 
I 

-5.87037 
2.07856 

.84577 

239 

.97 
9. 17 

I 
I 
I
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-6.77371 
1.74091: 
1 .27009 

165 

.97 
5.99 

I
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I' 
I 
I 

I 

-7.42110: 
1. 69539: 
1.46867: 

I 
I 
I 

42 I 
I 
I 

.95 I 
I 

7.35 I 

I 
I 

I 

-6.58856: 
1. 74371 

I 
I 

1. 25399: 
I 
I 
I 

306 I 
I 
I

.98 ' 
I 

5.85 I 
I 
I 

-6.30458 
1.89487: 
1.05278: 

80 

.98 
6.90 

I 

: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

, I 

-6.20820 I 
1 .86583: 
1. 02396 : ,

I 
I

75 I 
I 
I 

.97 I 
I 

3.21 I 
I 

! 
I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

0 
0 

4-

U0
..c 
:J 

u 

c.. 
0 

-

I 

CoI 
I 

c1I 
I 

c2I 
I 
I 
I nI 
I 

R2I 
I 
I 

Sy.xI: (cu ft)
I 

I 
-6.27940:I 

I 
2. 271 30: I 

I 

.80214;I 
I 

: 239 
I 
1 .96I 
I 1 O. 42 I 

: 
I 

I 
I 
I 
I 
I 
I 
I , 
I 
I 
I 

-7. 31263: 
1. 86620: 

1. 30151 I 
I 

165 
I 
I 
I 

.97 I 
I 

6.56 I
I 
I 
I 
I 

-8. 19624: 
1.74634 II 

1. 60370 I
I 
I 

42 I 
I 
I 

.95 I 
I 

7.50 I
I 
I 
I 
I 

-7.07110 II 
1.82530 II 

1.30290 II 
I 
I 

306 
I 
I 
I 

.97 I 
I 

6.28 I
I 
I , 
I 

-6.64006 
1.98574 
1.06021 

80 

.98 
7.05 

II 
II 

I, 
I 

I 
I 
I 
I 
I 
I 
I
I 
I
I 
I 

-6.85535: 
2.09022: 
1 .01111 

75 

.96 
3.67 

: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I I I I I I I 

0 
0 

4

'"C 
I... 
ro 
0 

CD 

c.. 
0 

-

I 
I 
1 
I
I 
II 
I 
I 
1 
1 
I 
I 
I 

: 
I 

Co 
c1 
c2 

n 

R2 

Sy.x 
(bd ft) 

I 
-6.69958 II 

I 2.46342:I 
I 

1 .13365:I 
I I 
I I 

: 239 
I
I 

I 1 
I I 
1 .96 1 
I I 

: 69.04 I 
I 

! I 

-7.56070 I 
2.01373 I 
1.62982: . 

I 
I 

165 I 
I 
I 

.96 I 
I 

41.05 I 
I 

! 

-9.65279: 
1. 86991: 
2.22310: ,

I 
I 

42 I 
I 
I 

.95 I 
I 

49. 13 I 
I 
I 

-7. 71557 : 
1.94935: 
1.73931: ,

I 
1 

306 I 
I 
I 

.97 1 

43.02 
I 
I 
I 

! 

-7. 31125 I 
2. 17057: 
1. 44848 I 

I 
I 
I 

80 I 
I 
I 

.97 I 

47. 11 
I 
I 
I 
I 

-8.49627: 
2. 09810 : 
1.73953: 

I 
I 
I 

75 I 
I 
I

.93 I 

24. 04 
I 
I 
I 
I 

I I I I I I I I 
I I I I I I I I 

0 
0

4
c.. 
0 

1 
I 
I 
I
1 

I 
I 

Co 
c1 
c2 

I 
I 
I1 
I 
I 
I 
I 

-7. 31642: 
2.86479 I 

. 99215: 
I 
I 

-9.00895 I 
2.45348: 
1. 65063: 

I 
1 

-1 O. 74943: 
2. 15186: 
2. 27388 I 

I 
I 

-8.47169: 
2.26747: 
1.69054: 

I 
I 

-9.05036: 
2. 51420: 
1.58614 I 

I 
I 

-8.55107' I 
2.7744711 
1.26352 II 

I 
I 

'"C 
I... 
ro 
0 

CD 

= 
00 

I 
I 
I 
I 
I 

I 

n 

R2 

Sy.x 

: 229 
I 
1 .93I 
I 94. 35 I 

I 
I 
I
I 
I 
I 
1 

157 

.94 
58. 53 

I 
I 
I
I 
I 
I 
I 

42 

.94 
54. 45 

I 
I 
I 
I 
I 
I 
I 

300 

.95 
52. 22 

I 
I 
I 
1 
I 

I 
I 

80 

.97 
52. 69 

I 
I 
I
I 
I 

I 
1 

66 

.93 
25. 34 

I 
I 
I 
I 
I 

I 
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III. Data Sources 

Data for this study were provided by the Northern California Forest 
Yield Cooperative growth and yield p"'oject. This study, in the mixed 
conifer reg ion of Cal ifornia, combines efforts of twelve pr iv ate ind 00
tries and the University of California, Perkeley. In the stem analysis 
portion of the Coop study, thirty clusters containing 3 one-fifth acre 
(.08 ha) plots and eight clusters containing two one-tenth acres 
( .04 ha) plots were located in northern Cal ifornia (Figure 1). 

Every plot was stem mapped and DBH, total height and crown length 
were recorded for trees greater than 6 inches (15.2 an) in diameter at 
breast height (DBH). Ch each plot, approximately one dozen trees were 
felled. Four to six dan inants (two to three for each of the two most 
prevalent species in the overstory) were chosen randanly for felling 
from the plot as site index trees. Up to seven additional trees were 
felled for stem anal ysis on each plot and were randa:nly selected, but 
proportional to their representation in the following diameter classes: 
6-10.99"; 11-12.99"; 13-14.99"; 15-16.99"; 17-18.99"; 19-20.99" and 
>20.99" 1J1ich corresponds to 1~.2-27.9 an; 27.9-33.0 an; 33.0-38.1 an; 
38.1-43.2 an; 43.2-48.2 an; 48.3-53.3 an and >53.3 an. No more than 
four trees were selected from any of these diameter classes. This 
method ensured that trees would be selected from all size classes, but 
in approximate proportion to their occurrence on the plot. 

Figure 1, Location of stem analysis plots by township 

. 
-:"


I

I 
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Each tree selected for stem anal ysis was felled and section round s 
(1 ~in (2.5-5.1 an) thick) were taken at stunp height (1.5 ft (0.46 m», 
breast height and subsequent log lengths (16.5 ft (5.03 m) or 20.5 feet 
(6.25 m». Each section was tagged and p,otographs taken. Laboratory 
analysis to determine age and annual radial growth from the p,otos fol
lowed a p--ocedure given by Biging and Wensel (1984) in tJ'lich a digitizer 
was used to record the cartesian coordinates of annual ring boundaries 
from the pith to the outer edge of a section. 

There were 7,792 individual measurements of diameter inside bark 
and height above ground for 1,039 trees (see Table 3). Thus, there were 
between seven and eight measurements per tree. A seventy-five percent 
randan sample of the 7,792 measurements was selected for developnent of 
the taper equation relationship. These data are hereafter referred to 
as the taper equation data. The remaining twenty-five percent of the 
measurements were withheld for testing purposes. These data are 
referred to as the testing data. Ibwever, tables 1 and 4 report the 
coefficients and fit statistics of the taper equation using all the data 
collected. Randan selection of measurements was favored OIer randan 
selection of trees for two reasons. The p--imary rationale is that the 

effect of collinearity associated with sequential use of/data p:>ints
should be minimized by a randan selection of measurements.- Addition
ally, it ensures an equal p--oportion of measurements in the taper equa
tion data to testing data ~ereas a randan tree selection yields mequal 
proportions of measurements between data sets. This is because the 
number of measurements per tree are not constant but vary by trees. 

IV. Taper ~ 

An extensive analysis of the data led to the developnent of a taper 
model derived from an S-shaped equation. The model S) derived is given 
as: 

1/3 
d = b1DBH + b2DBH In( 1 - ,\(hlH) ) or 

1/3 
d = DBH[b1 + b2 In( 1 - ,\(hlH) )] ~ere 

d = p--edicted diameter inside bark (in.) 

b1,b2 = regression coefficients 
f = 1 - exp (-b1 /b2 ) 

1/ However, regression models of tree p--ofile fitted to a 75% sample of 
ponderosa pine using a randan p:>int and randan tree selection scheme re
vealed no significant differences. Coefficients were within 0.1-0.4% of 
one percent of each other. The estimates of the standard error of the 
parameters were between 1~% of each other. Therefore it was concltded 
that selection scheme had insignificant effect on the resultant esti
mates of the coefficients and their standard errors. 
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Table 3. mmary statistics for the stem anal ysis data base)/ 

I 

: Av. DBH (in)
I 
I 

I SDBH (in) 
I 

: min. DBH (in)
I 
I 

: max. DBH (in)
I 
I 

: Av. ht. (ft)
I 
I 
I 

: SHT (ft) 
I 

: min. HT (ft)
I 
I 
I 
I max. HT (ft)
I 
I
I 

: Number of (h,d) 
I 
I: Number of trees 

pairs 

I 
I 
I
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I
I 
I 
I 

: 
I 
I
I 
I 
I 

: 
I 
I
I 

I 
I 
II 

I I 

PP I DF I 
I I
I . 
I I
I 

1 6. 16: 1 9. 80 I 
I I 
I I 

6.41: 6.05: 
I I 
I I 

5.50 : 

I 

5.70 I 
I I 
I I 

36.10 : 

I 
32. 10 I

I I 
I I 

102 78 I 90. 33: . I 
I I 

I I 

23. 87: 24. 91: 
I I 
I I 

27.50 : 

I 

38. 80 I 
I I 
I I 
I I

153.10 I 150.60 I 
I I 
I I
I I 

2,014 I 1,588 : 
I I 
I I254 I 202 I 

SPECIES 
I , 

RF I WF I 
I I , . 
I I 

18. 26: 16. 92: 
I I 
I I 

4. 10: 5.86: 
I I 
I I 

7.80: 5.60: 
I I 
I I 

27.80: 34.30:
I I 
I I 

85. 25: 84.03: 
I I 
I I 

12.19: 22. 71: 
I I 
I I 

41.50: 25.50: 
I I 
I I 
I I

101.30 I 133.30 I 

I I 
I I
I I 

312 : 2,645 I 
I I 
I I43 : 361 : 

, 

SP I 
I . 
I 

20. 80: 
I 
I 

6.02: 
I 
I 

6.20: 
I 
I 

32. 10 : 
I 
I 

92.41: 
I 
I 

19. 49 : 
I 
I 

36.70: 
I 
I 
I

137.70 I 

I 
I
I 

692 I 
I 
I84 : 

I 

IC I 
I. 
I 

14. 92 : 
I 
I 

6. 10 : 
I 
I 

5.60: 
I 
I
I 

36.30 I 
I 
I 

60. 06 : 
I 
I 
I

19. 32 I 
I 
I 

22. 40 : 
I 
I 
I

108.30 I 
I 
I
I 

541 : 
I 
I95 : 

Total 

I
I 

7,792: 
I 
I1,039: 

1/ This data was broken into two parts. The first was a 75% sample 
used in model construction and the remainder was used for model 
valid ation. 
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h = height above ground 
H = to tal heig ht (ft. ) 
In( x)= natural logarithm of x 

To illustrate the use of this model let us compute diameter inside 
bark at log lengths of a lX'nderosa pine tree of DBH= 20 and total 
height of 100 feet. 

Let 
b 1 = 1. 01959 
b2 = .33567 
f = 1-exp(-3.03748) = .95205 

then d = dib = 20[1.01959 -+0.33567 In(1-.95205(h/100)113)]. 

The resul ts of predicting dib at log lengths are p"esented below. 

h I h/H I
I dI 

I I I I 
I I I I 

I 
I 1.0 I O. 01 I 18. 85 : 
I
I 17. 5 : .0. 175 : 15. 29 : 
I
I 34.0: 0.340 I 13.06:
I 
I 50.5 I 0.505 : 10.86: 
I
I 67. 0 : o. 670: 8.37: 
I
I 3.5: 0.835: 5. 16 I 
I 100. 0 I 1.000I 0.00 I 

Wlen evaluated at the base (Le. for 11=0) the predicted diameter is 

b1DBH giving b, = (dib at base) /(DBH). Thus b, is the ratio of dib at
tne base of the tree to DBH. When evaluated at the ti p (Le. h=H) the 
predicted diameter is zero. Thus this model is constrained to pass 
through the tip of the tree. 

A. Model Fit 

The taper model was fit to each of the six spec ies using nonl inear 
least squares techniques. Coefficients and fit statistics are presented 
in Table 4. retailed analysis of bias and standard error are presented 
in Tables 17 through 22 of part II. In general the model s fit quite 
well and ccmpared favorably with more complex taper models (see section 
II). The models displayed ::ome slight biases with respect to relative 
height, but not with respect to total height or DBHclasses. 
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Table 4. Coefficients and fit statistics for the taper equation 

Spec ies 
PP I DF I RF WF I SP I ICI


I I I I I I I I

I I I I I I I I

I I I I I I I I

I b 6 
I 1 I

I 1.01528 
I
I 1.00 89 

I
I 1.04533 

I
I 1.04417 

I
I 1.00923 

I
I 1.00035 

I
I


I I I I I I I I

I I ' , I I ' I

I I I I I I I I

I I I I I I I I


: b2 : 0.31502 I 0.33971 : 0.32970 : 0.33885 I 0.32140 I 0.39311 : 
I I I I I I I I
. . I I I I I r 
I I I I I I I I

I I I I I I I I


I n I 862 I 896 I 873 I 859 I 896 I 842 I
I I I: : : : : 

I I I I I I I I

I I I I I I I I

I ntm ber I I I I I I I


: of trees: 254 : 202 : 43 I 361 : 84 : 95 :. I I I I I I I

I I I I I I I I

I 2 I I I I I I I

I RIO. 966 I 0.978 I 0.952 I 0.952 I 0.970 I 0.952 I

I I I I I I I I

I I I I I I I I

I I I I I I I I


:

I S
y.x I

I 1.438 :I 1.271 :I . 
1.700 I: 1.534 I: 1.653 :I 1.909 : 

I I I I I I I


: (in.): I I I I I


R2 = Squared multiple correlation coefficient

S = Standard dev iation of the resid ual s about the regression


y.x 0 f y on x 

Considering all equations jointly the range in bias relations are 
as follows for the taper equation data (75% sample): 

: Relative height: range in bias (in .).!7 : Average across species (in.) :

: 1'-4. 5 ' -0.06 to O. 62 I 0.33 :

: 4.5 '-.1H -0.78 to -0.45 : -0. 58 I

I . 1H-.aI -0. 50 to O.24 I -0.15 I

: .aI-.4H -0.24 to 0.61 I O.19 :

: . liH-.ffi o. 17 to o. 91 : 0.58 :

: . ffi-.&I -0. 02 to o. 37 : O.10 :

I .&I-1.H -0.47 to O. 11 -0. 20 I


These biases al though significant are not substantial given the 
usual level of accuracy in }redicting upper stem diameters. Indeed 
given the fact that one model is used for all height and diameter 
classes for a given species they performed well. 

1/ Negative values imply overestimates and IX> siti ve value s impl y un
derestimates. 
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V. Scaling Routines 

A. -Cubic Volume. 

Cubic volune can be determined without the use of scaling routines. 
This is possible because the cubic volune can be determined using a cal
culus technique known as generating a oolid of revolution. The general
form is: 

b b 
v = S '1t R2dh = S '1t (~)2dh a a 

By sub sti tuting 

1/3 
d = b1DBH + b2DBH In (1-,\ (h/H) ) 

and using a change of variables w: can obtain an expression for cubic 
volune that allows for directly determining volune obviating the use of 
sc al ing routines (see Appendix A). 

B. Board Foot Volume 

For each DBHand height class in the table the taper equation was 
used to evaluate the stem profile for a specific size class. That is, by 
specifying DBHand H we can generate stem p"ofile to predict scaling 
diameters at log lengths. Ebard foot scale was performed using a 1.0 

foot stumP2~d a log length of 16.5 feet \\hich included a 0.5 foot trim 
allowance.- After predicting ~aling diameters for log lengths, volunes 
for individual logs w:re determined using the following equation (Eruce 
and Schumacher, 1950): 

V = .79d
2 - 2d - 4 d = d.i.b. at small end of the log 

Top logs less than 16.5 feet w:re scaled as \\hole logs and then 
reduced in volune by a factor of length/16. If the top log was less 
than 8.5 feet (including trim) the log was assigned a volune of zero. 

For exanple, a 13.7 foot log is considered to have 13/16 of the 
vol une of a \\hole log \\hereas a 13.4 foot log contains 12/16 of the 
whole log vol une since it lacks the 6 inch tr im requirement of a 13 foot 
log. The Scribner volune equation was used for scaling diameters of 8 
inches and cbove. For ~aling diameters of 6.0 and 7.0 inches the 
Scribner volune table values of 20.0 and 30.0 board feet, respectively, 
were used instead of the Scribner volune equation values. This is 
because 
small. 

the Scribner volune equation is not accurate for trees this 

VI. Volume Tables 

~ These specifications w:re adopted at the O::tober 1980 meeting of the 
Norther Gal ifornia Forest Yield Cooperative. 
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Volune tables for each species are presented for the following: 

A. Cubic foot volune to a 4 or 6-inch top (Tables 5-10) 
B. Board foot volune to a 6 or 8-inch top (Tables 11-16) 



------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

-16-


Gross cubic-foot volune table to a 1 ft. stunp -- 4 inch top 

Ponderosa Pine 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 110 120 130 140 150 

8 3 4 5 6 7 8 9 10 11 12 13 14 

10 6 7 9 11 13 14 16 18 19 21 23 24 
12 9 11 14 16 19 21 24 26 29 31 34 36 
14 12 16 19 23 26 30 33 37 40 44 47 50 
16 16 21 26 30 35 39 44 48 53 57 62 66 
18 21 27 33 38 44 50 56 61 67 73 79 85 

20 26 33 40 48 55 62 69 76 83 91 98 105 
22 32 41 49 58 66 75 84 92 101 110 118 127 
24 38 48 59 69 79 90 100 110 121 131 141 152 
26 45 57 69 81 93 105 117 130 142 154 166 178 
28 52 66 80 94 108 122 136 150 164 179 193 207 

30 60 76 92 108 124 141 157 173 189 205 221 237 
32 68 87 105 123 142 160 178 197 215 234 252 270 
34 77 98 118 139 160 181 201 222 243 264 285 305 
36 86 110 133 156 179 203 226 249 273 296 319 342 
38 96 122 148 174 200 226 252 278 304 330 356 382 

40 107 136 164 193 222 250 279 308 337 365 394 423 

Gross cubic-foot volune table to a 1 ft. stunp -- 6 inch top 

Ponderosa Pine 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 110 120 130 140 150 

8 1 2 2 3 3 3 4 4 5 5 6 6 

10 4 6 7 8 9 11 12 13 15 16 17 19 
12 8 10 12 14 17 19 21 23 26 28 30 32 
14 12 15 18 21 24 28 31 34 37 41 44 47 
16 16 20 25 29 33 38 42 46 51 St) 60 64 
18 21 26 32 37 43 49 54 60 66 71 77 83 

20 26 33 40 47 54 61 68 75 82 89 96 103 
22 31 40 49 57 66 74 83 91 100 108 117 126 
24 38 48 58 68 79 89 99 109 120 130 140 150 
26 44 56 69 81 93 105 117 129 141 153 165 177 
28 52 66 80 94 108 122 136 150 164 178 192 206 

30 60 76 92 108 124 140 156 172 188 204 220 236 
32 68 86 105 123 141 159 178 196 214 233 251 269 
34 77 97 118 139 160 180 201 222 242 263 284 304 
36 86 109 133 156 179 202 225 249 272 295 318 342 
38 96 122 148 174 200 226 251 277 303 329 355 381 

40 107 135 164 193 221 250 279 307 336 365 394 422 



------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------
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Gross cubic-foot volune table to a 1 ft. stunp -- 4 inch top 

rbuglas-Fir 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 110 120 130 140 150 

8 3 4 5 6 7 8 9 10 12 13 14 15 

10 6 8 9 11 13 15 16 18 20 22 23 25 
12 9 12 14 17 19 22 25 27 30 32 35 38 
14 13 16 20 24 27 31 34 38 41 45 48 52 
16 17 22 26 31 36 40 45 50 55 59 64 69 
18 22 28 34 40 46 52 57 63 69 75 81 87 

20 27 34 42 49 56 64 71 79 86 93 101 108 
22 33 42 51 60 69 77 86 95 104 113 122 131 
24 39 50 61 71 82 92 103 114 124 135 146 156 
26 46 59 71 84 96 109 121 134 146 159 171 184 
28 54 68 83 97 112 126 141 155 170 184 199 213 

30 62 78 95 112 128 145 162 178 195 211 228 245 
32 70 89 108 127' 146 165 184 203 222 241 260 279 
34 79 101 122 144 165 186 208 229 251 272 293 315 
36 89 113 137 161 185 209 233 257 281 305 329 353 
38 99 126 153 179 206 233 260 286 313 340 367 393 

40 110 140 169 199 229 258 288 317 347 377 406 436 

Gross cubic-foot volune table to a 1 ft. stunp -- 6 inch top 

rbuglas-Fir 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 110 120 130 140 150 

8 1 2 2 3 3 4 4 5 5 6 6 7 

10 4 6 7 9 10 11 13 14 15 17 18 20 
12 8 10 13 15 17 20 22 24 27 29 31 33 
14 12 15 19 22 25 29 32 35 39 42 46 49 
16 16 21 25 30 34 39 43 48 53 57 62 66 
18 21 27 33 39 44 50 56 62 68 74 79 85 

20 27 34 41 48 56 63 70 77 85 92 99 106 
22 32 41 50 59 68 77 85 94 103 112 121 130 
24 39 49 60 71 81 92 102 113 123 134 144 155 
26 46 58 71 83 96 108 120 133 145 158 170 182 
28 53 68 82 97 111 125 140 154 169 183 198 212 

30 61 78 95 111 128 144 161 177 194 211 227 244 
32 70 89 108 127 146 164 183 202 221 240 259 278 
34 79 101 122 143 165 186 207 229 250 271 293 314 
36 89 113 137 161 185 209 232 256 280 304 328 352 
38 99 126 153 179 206 233 259 286 313 339 366 393 

40 110 140 169 199 228 258 287 317 347 376 406 435 



------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------
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Gross cubic-foot volune table to a 1 ft. stunp -- 4 inch top


Red Fir


DBH total height (feet)

(inches) 40 50 60 70 80 90 100 110 120 130 140 150


8 4 5 6 7 8 9 11 12 13 14 15 16


10 7 8 10 12 14 16 18 20 22 24 26 27

12 10 13 16 18 21 24 27 30 32 35 38 41

14 14 18 22 26 29 33 37 41 45 49 53 56

16 18 24 29 34 39 44 49 54 59 64 69 74

18 24 30 36 43 49 56 62 69 75 82 88 94


20 29 37 45 53 61 69 77 85 93 101 109 117

22 36 45 55 65 74 84 94 103 113 123 132 142

24 42 54 65 77 88 100 111 123 135 146 158 169

26 50 63 77 90 104 117 131 145 158 172 185 199

28 58 74 89 105 121 136 152 168 183 199 215 231


30 67 85 103 121 139 157 175 193 211 229 247 265

32 76 97 117 137' 158 178 199 219 240 260 281 301

34 86 109 132 155 178 201 225 248 271 294 317 340

36 96 122 148 174 200 226 252 278 304 330 356 382

38 108 136 165 194 223 252 281 310 339 368 396 425


40 119 151 183 215 247 279 311 343 375 407 439 471


Gross cubic-foot volune table to a 1 ft. stunp -- 6 inch top 

Red Fir


DBH total height (feet)

(inches) 40 50 60 70 80 90 100 110 120 130 140 150


8 2 2 3 4 4 5 6 6 7 8 8 9


10 5 7 8 10 11 13 14 16 18 19 21 22

12 9 12 14 17 19 22 24 27 29 32 34 37

14 13 17 20 24 28 31 35 39 42 46 50 54

16 18 23 28 33 37 42 47 52 57 62 67 72

18 23 29 36 42 48 55 61 67 74 80 86 93


20 29 37 45 52 60 68 76 84 92 100 107 115

22 35 45 54 64 73 83 93 102 112 121 131 140

24 42 54 65 76 88 99 111 122 134 145 156 168

26 50 63 77 90 103 117 130 144 157 171 184 197

28 58 73 89 105 120 136 151 167 183 198 214 230


30 67 84 102 120 138 156 174 192 210 228 246 264

32 76 96 117 137 157 178 198 219 239 260 280 301

34 86 109 132 155 178 201 224 247 270 293 316 340

36 96 122 148 174 200 226 251 277 303 329 355 381

38 107 136 165 194 223 251 280 309 338 367 396 425


40 119 151 183 215 247 279 311 343 375 407 439 471




------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------
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Gross cubic-foot volune table to a 1 ft. stunp -- 4 inch top 

White Fir 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 110 120 130 140 150 

8 4 5 6 7 8 10 11 12 13 14 15 17 

10 7 9 11 13 14 16 18 20 22 24 26 28 
12 10 13 16 19 22 24 27 30 33 36 39 42 
14 14 18 22 26 30 34 38 42 46 50 54 57 
16 19 24 29 34 39 45 50 55 60 65 70 76 
18 24 31 37 44 50 57 63 70 76 83 90 96 

20 30 38 46 54 62 70 78 87 95 103 111 119 
22 36 46 56 66 76 85 95 105 115 125 135 144 
24 43 55 67 78 90 102 113 125 137 149 160 172 
26 51 65 78 92 106 120 133 147 161 175 188 202 
28 59 75 91 107 123 139 155 171 187 203 219 235 

30 68 86 105 123 141 160 178 196 215 233 251 270 
32 77 98 119 140' 161 182 202 223 244 265 286 307 
34 87 111 134 158 182 205 229 252 276 299 323 346 
36 98 124 151 177 204 230 256 283 309 336 362 389 
38 109 139 168 198 227 256 286 315 345 374 404 433 

40 121 154 186 219 252 284 317 349 382 415 447 480 

Gross cubic-foot volune table to a 1 ft. stump -- 6 inch top 

White Fir 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 110 120 130 140 150 

8 2 3 3 4 5 5 6 7 7 8 9 9 

10 5 7 9 10 12 13 15 17 18 20 21 23 
12 9 12 14 17 20 22 25 27 30 33 35 38 
14 13 17 21 25 28 32 36 40 43 47 51 55 
16 18' 23 28 33 38 43 48 53 58 63 68 73 
18 23 30 36 43 49 56 62 69 75 81 88 94 

20 29 37 45 53 61 69 77 85 93 101 109 117 
22 36 46 55 65 75 85 94 104 114 124 133 143 
24 43 55 66 78 89 101 113 124 136 148 159 171 
26 51 64 78 92 105 119 133 146 160 174 187 201 
28 59 75 91 106 122 138 154 170 186 202 218 234 

30 68 86 104 122 141 159 177 196 214 232 250 269 
32 77 98 119 140 160 181 202 223 244 264 285 306 
34 87 111 134 158 181 205 228 252 275 299 322 346 
36 98 124 151 177 203 230 256 282 309 335 361 388 
38 109 139 168 197 227 256 285 315 344 374 403 432 

40 121 154 186 219 251 284 316 349 382 414 447 479 



------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

-20-


Gross cubic-foot volune table to a 1 ft. stump -- 4 inch top 

Sugar Pine 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 110 120 130 140 150 

8 3 4 5 6 7 8 9 10 11 12 12 13 

10 5 7 9 10 12 14 15 17 18 20 22 23 
12 8 11 13 16 18 20 23 25 28 30 33 35 
14 12 15 19 22 25 29 32 35 39 42 45 49 
16 16 20 25 29 33 38 42 47 51 55 60 64 
18 20 26 31 37 43 48 54 59 65 70 76 82 

20 25 32 39 46 53 60 67 74 80 87 94 101 
22 31 39 47 56 64 72 81 89 98 106 114 123 
24 37 47 56 66 76 86 96 106 116 126 136 146 
26 43 55 66 78 90 102 113 125 137 149 160 172 
28 50 64 77 91 104 118 132 145 159 172 186 200 

30 58 73 89 104 120 136 151 167 183 198 214 229 
32 66 83 101 119' 137 154 172 190 208 226 243 261 
34 74 94 114 134 154 174 195 215 235 255 275 295 
36 83 106 128 151 173 196 218 241 263 286 308 331 
38 93 118 143 168 193 218 243 268 293 319 344 369 

40 103 130 158 186 214 242 270 297 325 353 381 409 

Gross cubic-foot volune table to a 1 ft. stlll1p -- 6 inch top 

Sugar Pine 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 110 120 130 140 150 

8 1 2 2 3 3 4 4 5 5 6 6 7 

10 4 5 7 8 9 10 12 13 14 15 17 18 
12 7 9 12 14 16 18 20 22 24 27 29 31 
14 11 14 17 20 23 27 30 33 36 39 42 45 
16 15 19 23 28 32 36 40 45 49 53 57 61 
18 20 25 30 36 41 47 52 58 63 68 74 79 

20 25 31 38 45 52 58 65 72 79 86 92 99 
22 30 38 47 55 63 71 80 88 96 105 113 121 
24 36 46 56 66 76 86 95 105 115 125 135 145 
26 43 54 66 78 89 101 112 124 136 147 159 171 
28 50 63 77 90 104 117 131 144 158 171 185 198 

30 57 73 88 104 119 135 150 166 182 197 213 228 
32 65 83 101 118 136 154 171 189 207 225 242 260 
34 74 94 114 134 154 174 194 214 234 254 274 294 
36 83 105 128 150 173 195 218 240 263 285 308 330 
38 92 117 142 167 193 218 243 268 293 318 343 368 

40 103 130 158 186 213 241 269 297 325 352 380 408 



------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------
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Gross cubic-foot volune table to a 1 ft. stunp -- 4 inch top 

Incense Cedar 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 110 120 130 140 150 

8 3 3 4 5 6 7 8 8 9 10 11 12 

10 5 6 8 9 11 12 14 15 17 18 19 21 
12 8 10 12 14 16 18 21 23 25 27 29 32 
14 11 14 17 20 23 26 29 32 35 38 41 44 
16 14 18 22 26 30 34 38 42 46 50 54 58 
18 18 23 28 34 39 44 49 54 59 64 69 74 

20 23 29 35 42 48 54 61 67 73 80 86 92 
22 28 35 43 51 58 66 74 81 89 97 104 112 
24 33 42 51 61 70 79 88 97 106 115 124 134 
26 39 50 60 71 82 93 103 114 125 136 146 157 
28 45 58 70 83 95 108 120 132 145 157 170 182 

30 52 66 81 95 109 124 138 152 167 181 195 210 
32 60 76 92 108' 125 141 157 173 190 206 222 239 
34 67 86 104 122 141 159 177 196 214 233 251 269 
36 76 96 117 137 158 178 199 220 240 261 282 302 
38 84 107 130 153 176 199 222 245 268 291 314 337 

40 93 119 144 170 195 221 246 271 297 322 348 373 

Gross cubic-foot volune table to a 1 ft. stunp -- 6 inch top 

Incense Cedar 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 110 120 130 140 150 

8 1 1 2 2 3 3 3 4 4 5 5 5 

10 3 5 6 7 8 9 10 11 12 13 15 16 
12 6 8 10 12 14 16 18 20 22 24 25 27 
14 10 13 15 18 21 24 27 29 32 35 38 41 
16 13 17 21 25 29 32 36 40 44 48 52 55 
18 18 23 27 32 37 42 47 52 57 62 67 72 

20 22 28 35 41 47 53 59 65 72 78 84 90 
22 27 35 42 50 57 65 72 80 87 95 103 110 
24 33 42 51 60 69 78 87 96 105 114 123 132 
26 39 49 60 70 81 92 102 113 124 134 145 155 
28 45 57 70 82 94 107 119 131 144 156 169 181 

30 52 66 80 94 109 123 137 151 166 180 194 208 
32 59 75 92 108 124 140 156 173 189 205 221 237 
34 67 85 104 122 140 158 177 195 213 232 250 268 
36 75 96 116 137 157 178 198 219 240 260 281 301 
38 84 107 130 153 175 198 221 244 267 290 313 336 

40 93 118 144 169 195 220 245 271 296 322 347 372 



------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------
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Gross board-foot volune table to a 1 ft. stunp -- 6 inch top 

Ponderosa Pine 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 110 120 130 140 150 

8 0 10 12 15 17 20 20 20 20 20 31 33 

10 18 20 30 43 48 45 56 71 79 80 80 106 
12 30 40 51 66 82 87 102 121 131 134 158 169 
14 43 60 79 96 113 141 152 175 198 208 239 256 
16 59 89 109 135 160 188 219 247 267 304 324 352 
18 78 109 146 185 217 250 287 324 358 398 434 471 

20 98 134 187 229 278 325 371 421 464 516 559 602 
22 120 169 231 281 346 396 463 517 580 636 698 756 
24 144 208 281 344 421 494 563 636 706 779 850 923 
26 170 260 343 424 511 592 681 763 852 935 1024 1107 
28 207 307 400 499 597 698 798 899 999 1102 1202 1306 

30 237 356 456 582 688 813 922 1048 1157 1284 1393 1520 
32 266 411 527 670 794 936 1063 1206 1333 1477 1605 1750 
34 305 468 603 763 907 1068 1214 1374 1522 1684 1842 2003 
36 346 528 683 864 1027 1208 1374 1554 1733 1913 2085 2263 
38 390 594 769 969 1155 1355 1545 1745 1946 2146 2342 2538 

40 437 662 859 1082 1290 1512 1725 1946 2173 2391 2615 2827 

Gross board-foot volune table to a 1 ft. stump -- 8 inch top 

Ponderosa Pine 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 110 120 130 140 150 

8 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 15 19 21 22 24 28 30 31 
12 21 26 32 36 39 61 68 77 81 84 106 114 
14 33 42 66 81 93 101 129 145 155 180 195 208 
16 47 78 97 116 149 172 189 224 247 263 298 322 
18 63 104 133 174 204 230 274 304 345 378 404 448 

20 99 134 171 224 263 316 356 406 449 486 541 582 
22 123 169 231 281 329 395 445 512 562 628 680 743 
24 148 208 282 344 420 484 558 626 686 768 830 911 
26 175 250 336 413 504 581 672 750 841 921 1013 1093 
28 204 295 397 488 592 686 792 886 994 1087 1195 1289 

30 235 345 460 569 689 799 922 1032 1157 1266 1393 1502 
32 267 398 527 656 794 9361063 1204 13331474 1605 1747 
34 305 470 603 765 907 1068 1214 13741522 16831832 1994 
36 346 531 683 866 1027 1209 1374 1556 1723 1904 2074 2256 \ 

/ 38 390 597 769 973 1155 1358 1545 1748 1936 2140 2330 2535 

40 437 665 859 1085 1290 1514 1725 1950 2162 238826012828 



------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

-23-


Gross board-foot voltrlle table to a 1 ft. stump -- 6 inch top 

Lbuglas-Fir 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 110 120 130 140 150 

8 0 10 13 16 18 20 20 20 20 31 43 46 

10 18 30 40 45 50 46 69 75 80 81 94 110 
12 30 41 54 68 84 90 105 125 133 143 164 173 
14 44 63 81 101 116 146 159 181 205 215 247 266 
16 63 92 114 141 165 196 226 252 276 315 335 373 
18 81 108 152 191 225 268 299 336 380 413 449 489 

20 102 140 194 233 289 336 385 435 482 534 580 633 
22 125 176 241 292 360 411 480 531 601 658 723 781 
24 149 216 291 367 436 512 583 660 731 808 879 957 
26 176 270 355 440 528 614 704 790 881 968 1058 1147 
28 214 318 413 519 618 724 825 932 1033 1142 1238 1352 

30 245 370 474 604 713 843 955 10851198 13281442 1572 
32 277 426 547 694 823 970 1101 1248 1381 1528 1671 1809 
34 317 485 626 792 940 1105 1257 1423 1576 1742 1907 2071 
36 360 548 709 895 1064 1250 1423 1609 1793 1978 2158 2339 
38 406 616 798 1005 1197 1402 1599 1805 2015 2218 2424 2619 

40 454 686 892 1120 1336 1564 1795 2022 2248 2472 2704 2924 

Gross board-foot voltrlle table to a 1 ft. sttrllp -- 8 inch top 

Lbuglas-Fir 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 110 120 130 140 150 

8 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 15 17 21 22 26 28 31 31 32 
12 21 28 34 38 56 66 74 80 83 102 113 121 
14 34 44 70 85 96 120 137 151 160 189 204 216 
16 49 81 103 121 156 179 196 233 256 272 312 333 
18 66 109 138 180 212 238 285 316 359 393 419 467 

20 104 140 178 233 273 329 370 422 467 504 563 603 
22 127 176 241 292 356 410 461 531 583 651 705 771 
24 153 216 292 357 435 502 580 649 726 796 859 944 
26 181 260 350 429 521 602 697 777 872 954 1049 1132 
28 211 307 410 506 614 711 821 917 1030 1125 1237 1335 

30 243 358 475 590 713 828 954 1068 1198 1310 1442 1569 
32 276 414 547 696 823 969 1101 1248 1381 1526 1661 1808 
34 317 488 626 794 940 1106 1257 1423 1576 1743 1896 2062 
36 360 551 709 897 1064 1251 1423 1610 1783 1971 2145 2334 
38 406 619 798 1008 1197 1405 1599 1808 2004 2213 2410 2620 

40 454 690 892 1125 1336 1568 1785 2017 2237 2468 2690 2922 



------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------
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Gross board-foot volune table to a 1 ft. stunp -- 6 inch top 

Red Fi r 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 11 0 120 130 140 150 

8 10 13 16 20 20 20 20 41 45 47 50 50 

10 20 30 42 43 47 59 76 82 83 106 109 113 
12 30 47 58 72 87 98 125 137 139 168 181 187 
14 49 69 86 111 137 159 175 197 225 246 272 289 
16 68 98 126 153 185 216 246 278 312 345 367 409 
18 88 119 166 206 247 291 328 366 410 451 501 536 

20 110 153 212 255 315 365 421 473 528 582 635 690 
22 135 192 261 319 391 449 524 581 657 723 790 861 
24 162 245 316 400 474 559 644 719 805 882 968 1044 
26 200 293 384 478 573 668 764 861 957 105511511250 
28 230 345 447 563 666 787 892 1014 1120 1242 1348 1471 

30 260 401 515 656 776 915 1039 1179 1304 1445 1569 1711 
32 301 461 595 753' 894 1053 1197 1356 1501 1661 1817 1976 
34 344 525 679 859 1021 1200 1366 1545 1722 1891 2072 2249 
36 390 594 769 970 1155 1355 1545 1746 1947 2146 2343 2539 
38 440 666 865 1089 1298 1521 1736 1968 2187 2406 2631 2845 

40 492 742 966 1213 1449 1695 1947 2192 2440 2678 2935 3174 

Gross board-foot volune table to a 1 ft. stunp -- 8 inch top 

Red Fi r 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 110 120 130 140 150 

8 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 17 21 24 28 31 32 33 34 35 53 
12 24 32 38 57 66 77 84 89 112 121 131 137 
14 38 49 79 95 107 137 155 167 194 215 228 254 
16 54 91 113 133 173 197 233 260 282 319 347 367 
18 87 119 151 199 233 279 314 346 396 431 477 516 

20 112 153 210 254 299 359 405 464 511 569 619 660 
22 139 192 262 319 390 449 504 580 637 711 770 844 
24 166 235 319 390 475 548 633 708 793 869 955 1031 
26 196 283 379 467 568 656 759 847 950 1040 1144 1234 
28 227 334 444 551 666 773 892 999 1119 1226 1347 1454 

30 262 389 514 642 776 916103911781304144115691708 
32 301 464 595 755 894 1054 1197 1355 1501 1660 1807 1965 
34 344 528 679 86110211202 1366 1547 1712 1892 20612242 
36 390 598 769 974 1155 1359 1545 1749 1937 2141 2331 2536 
38 440 670 865 1091 1298 1524 1736 1963 2176 2403 2617 2845 

40 492 746 966 1218 1449 1699 1937 2187 2428 2679 2920 3174 



------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------
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Gross board-foot volune table to a 1 ft. stump -- 6 inch top 

White Fir 

DBH total height (feet)

(inches) 40 50 60 70 80 90 100 110 120 130 140 150


8 11 13 17 20 20 20 40 42 46 50 50 50 

10 20 30 42 45 48 70 77 83 84 104 112 115 
12 25 48 59 73 89 100 127 140 142 172 185 190 
14 50 70 87 113 139 161 178 201 224 251 279 290 
16 69 99 128 156 188 220 250 284 318 352 375 418 
18 90 121 169 210 251 297 334 374 418 460 510 547 

20 112 156 215 260 321 371 429 482 538 593 647 704 
22 137 195 266 325 398 457 533 591 669 727 805 878 
24 164 249 321 406 482 569 656 732 820 898 986 1064 
26 202 297 390 486 583 680 778 876 975 1074 1173 1272 
28 233 350 454 573 677 801 908 1032 1140 1265 1373 1498 

30 263 406 523 666 789 931 1057 1199 1327 1471 1598 1743 
32 304 468 604 765' 909 1071 1217 1379 1528 1691 18492002 
34 348 532 689 872 1037 1219 1389 1572 1752 1925 21092289 
36 395 602 781 985 1174 1378 1571 1776 1981 2184 2385 2585 
38 445 675 878 1106 1319 1545 1765 1992 2225 2449 2677 2895 

40 498 752 980 1232 1473 1724 1980 2230 2482 2724 2987 3230 

Gross board-foot volune table to a 1 ft. stunp -- 8 inch top 

White Fir 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 110 120 130 140 150 

8 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 15 19 22 26 30 32 33 34 35 54 58 
12 24 33 39 58 69 80 86 91 116 128 135 140 
14 39 50 80 97 109140158171201219234262 
16 55 92 116 136 176 201 238 265 288 326 355 375 
18 89 121 154 203 237 284 320 354 404 440 487 527 

20 113 156 213 259 304 366 413 473 521 580 631 674 
22 141 195 266 325 397 457 514 591 649 725 785 861 
24 169 239 324 396 483 558 645 721 808 886 971 1051 
26 199 287 385 475 578 667 771 863 968 1059 1166 1257 
28 230 339 451 560 678 787 908 1017 1140 1248 1372 1481 

30 265 395 522 652 789 931 1057 1198 1327 1467 1598 1738 
32 304 471 604 767 909 1072 1217 1379 1528 1690 18392001 
34 348 535 689 874 1037 1222 1389 1572 1742 19262097 2282 
36 395 606 781 989 1174 1382 1571 1779 1971 2177 2372 2579 
38 445 679 878 1109 1319 1549 1765 1995 2213 2445 2664 2896 

40 498 756 980 1237 1473 1728 1970 2224 2470 2727 2972 3230 
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Gross board-foot vol une table to a 1 ft. stunp -- 6 inch top 

Sug ar Pine 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 110 120 130 140 150 

8 0 10 12 15 17 20 20 20 20 20 31 43 

10 17 20 30 41 46 45 47 68 74 80 81 82 
12 30 36 47 55 69 87 91 106 125 134 138 162 
14 29 55 77 93 107 129 149 161 181 205 214 244 
16 54 75 96 126 155 176 202 227 253 285 314 331 
18 71 105 134 167 196 236 272 305 336 381 409 454 

20 89 126 173 219 259 301 347 393 435 483 529 574 
24 110 153 214 266 323 381 435 496 547 601 660 716 
24 132 189 261 319 394 454 531 598 669 738 806 879 
26 157 227 312 384 472 545 636 709 801 874 967 1046 
28 182 269 366 454 555 654 748 847 943 1042 1138 1239 

30 210 325 423 539 654 762 878 987 1105 1215 1332 1444 
32 249 373 495 622' 749 878 1007 1138 1268 1399 1530 1663 
34 281 427 561 710 850 1002 11411298 14391597 17381898 
36 314 482 628 803 958 1133 1292 1469 1629 1807 19682147 
38 348 541 707 903 1077 1273 1453 1649 183120292212 2411 

40 390 605 791 1007 1204 1421 1622 1840 2045 2263 2479 2688 

Gross board-foot volune table to a 1 ft. stunp -- 8 inch top 

Sugar Pine 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 110 120 130 140 150 

8 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 15 17 19 22 24 28 30 31 32 
12 19 24 31 35 39 59 67 75 80 84 88 110 
14 28 40 47 76 89 99 122 138 151 160 185 200 
16 42 71 91 110 125 160 182 197 234 255 270 306 
18 57 96 123 147 191 219 257 288 316 358 389 414 

20 90 123 159 210 247 281 337 373 424 465 499 555 
22 111 153 199 261 309 372 421 481 533 581 645 696 
24 136 189 261 319 378 455 515 591 653 727 791 864 
26 161 227 312 384 471 545 617 709 782 873 948 1039 
28 186 269 367 454 554 644 745 837 938 1032 1118 1226 

30 215 315 428 529 647 751 869 975 1096 1202 1322 1430 
32 246 363 491 611 744 866 1002 1124 12631385 15231648 
34 278 416 557 698 847 9891142 12831439158117381880 
36 313 471 629 791 957 1119 1290 1453 1629 1805 19682143 
38 348 530 707 904 1077 1273 1453 1648 183120282212 2408 

40 390 608 791 1008 1204 1422 1622 1840 2045 2263 2469 2689 
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Gross board-foot volune table to a 1 ft. stunp -- 6 inch top 

Inc en se Cedar 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 11 0 120 130 140 150 

8 0 0 10 12 13 16 18 20 20 20 20 20 

10 15 18 20 30 41 46 50 46 57 71 77 80 
12 20 30 40 50 65 78 87 89 103 121 130 134 
14 30 47 62 78 93 108 126 147 156 175 198 210 
16 36 65 89 109 131 154 177 197 230 247 274 302 
18 60 86 107 146 179 206 236 266 300 335 368 392 

20 76 115 149 188 218 267 308 348 383 434 468 508 
22 95 137 187 240 284 333 374 435 484 536 590 639 
24 115 162 229 286 348 412 470 528 593 655 723 782 
26 135 196 274 336 417 488 564 639 712 791 863 943 
28 159 232 322 398 492 570 665 749 841 928 1019 1108 

30 184 272 374 465 . 573 665 775 869 981 1074 1187 1281 
32 209 315 429 538 659 778 892 1012 1129 1249 1367 1488 
34 238 370 489 625 750 889 1026 1156 1296 14281568 1699 
36 267 419 561 708 857 1006 1158 1310 1463 1616 1771 1925 
38 308 471 627 795 95911311298 1472 1641181719862163 

40 341 526 697 889 1065 1263 1444 1644 1827 2028 2213 2415 

Gross board-foot volune table to a 1 ft. stunp -- 8 inch top 

Incense Cedar 

DBH total height (feet) 
(inches) 40 50 60 70 80 90 100 110 120 130 140 150 

8 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 15 19 21 22 24 26 28 
12 17 21 26 32 35 38 56 64 69 77 80 84 
14 24 34 42 65 76 88 96 118 130 143 153 160 
16 36 49 78 96 111 139 159 177 190 223 244 258 
18 49 83 107 130 166 193 216 253 282 305 342 371 

20 64 108 139 168 216 250 295 331 363 412 448 478 
22 80 133 174 229 273 313 372 416 473 520 560 621 
24 116 162 214 281 334 401 457 508 580 635 704 762 
26 138 196 273 336 402 483 549 630 698 776 849 913 
28 162 232 322 398 490 569 649 744 825 921 1002 1097 

30 188 272 376 465 571 665 772 869 962 1073 1168 1280 
32 216 315 433 538 660 768 892 1002 1126 1239 1362 1477 
34 243 360 493 615 753 878 10171145 1287 1415 1557 1687 
36 274 409 556 697 851 994 1153 1297 1456 1603 1764 1910 
38 305 461 624 784 956 1118 1295 1458 1638 1802 1983 2147 

40 340 515 696 876 1066 1250 1445 1629 1827 2012 2212 2398 
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Part II. Taper Equations for Mixed Conifers 

I. Model I::evel 0II!!en t 

Initial plotting of height versus diameter curves for each species 
using all the data revealed a significant variance in diameters at given 
heights. To oomogenize the variance, transformations were considered to 
allow for an improved model fit. I::emaerschalk (1971, 1972, 1973) and 

others (e.g., Max and furkhart (1976)) have ~~oyed relative height and 
relative diameter as an effective transform.- 3/ThiS study models rela
tive diameter as a function of relative height.-

One obj ective was to develop a simple model (i.e. one with few 
parameters) that could accurately describe stem form. Jldditionally, 
this equation should be integrable S) that cubic foot vol unes could be 
obtained directl y, obv iating the need for a cubic foot sc al ing routine. 
Cubic and board foot volune estimates obtained from the p"ofile equation 
sho uld be acc ur ate and reI ati vel y unb iased . 

II. Choice of Model Forms 

Much of the ~rk in this field has centered around describ ing stem 
curves as polynomials of order two or greater. For example, Kozak et al 
(1968) used a second order polynomial in relative height; Goulding-and 
Murray (1976) used a fifth order polynomial. The p"incipal weakness of 
this model type has been the inability to characterize the lower portion 
of the tree with significant basal swelling (Sterba, 1980). To overcome 
this problem Bruce et al (1968) used polynomial models with much higher 
powers to represen.t the swelling that occurs below DBH. 

Alternatively, polynomial regressions with t~ or more equations 
can be spliced together to better track stem form. I::emaerschalk and 
Kozak (1977) joined two functions at the inflection point, approximately 
20 to 25% of total height from ground level, while maintaining con
tinui ty at the join points. AIthough hav ing a snall bias at the base, 
the equations predicted upper stem diameters well. In a similar fashion 
Max and furkhart (1976) and Matney and fullivan (1980) used segmented 
polynomials with two and three submodels to p"edict taper in loblolly 
pine. This approach produced essentially unbiased models (unbiased over 
most portions of the stem) and does not require specification of t.here 
join points occur. 

I::emaerschalk (1971, 1972, 1973) and M,mro and I::emaerschalk (1974) 
proposed that the mathematical integration of the taper function should 
be identical to the prediction from existing volune equations. While 

~/ Relative height is the ratio of height above ground to total height 
and relative diameter is the ratio of diameter inside bark to DBH. 

1/Other transformations of height and diameter were inv estig ated 
wi thout an increase in pred ictive power. 
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this restriction can be imIX>sed upon a taper equation it may degrade the 
accuracy of diameter predictions. In part this is due to the fact that 
the taper functions considered as compatible are usually formulated as 
simple functions of relative height and hence may not track stem form 
well . For example, Cao et al (1980) reIX>rted in their W)rk with lob
loll y pine that a compatibletaper equation does not seem a good choice 
when describing tree profile since other equations (such as segmented 
polynomials) were more accurate in }redicting upper stem diameters. 

Another area of taper research incltdes functions that inherently 
have infl ection p:>ints. Slch attempts incltde use of cosine functions 
(Alder, 1978), Bitterlich's (1979) use of trigonometric functions, and 
taper models based on sigmoidal fonn (Garay (1979), Wensel and Krtmland 
( 1983 ) ) . 

III. ModelDerivation 

The model chosen to represent tree taper is based on the integral 
form of the O1apnan-Richards func.tion. The applicability of this form~ 
lation is presented graphically and the mathematical derivation is out
lined . 

A. Graphic Derivation 

Let H = total height, h = height above ground to s::>me p:>int on the 
stem and d = diameter at height h. Also, let y = A(1-exp(-cx))m W1ere y 
= 1-h/H and x = d/DBHand A,c and m are parameters to be estimated from 
the data. This resembles the integral form of the O1apnan-Richard s 
function (Garay, 1979; Wensel and Krtmland 1983) and can be considered 
as a model of stem fonn, as shown in Figure 2, when the axes are }rO~ 
erly redefined. By redefining y as h/H one obtains the traditional stem 
profile (as in Figure 3a). Redefining the base as a - d/DBH forms a 
mirror image of Figure 3a (as in Figure 3b). The result is that Figure 
3b is identical in form to Figure 2. Fbwever, the y axis has been rede
fined to obtain a traditional stem }rofile in \ohich relative diameter 
decreases as relative height increases. 



1..0 

Figure 2 
Chapman-RichardsFunction 

1.0 
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Figure 3a 

Stem Profile 

y=1-h/H y=h/H 

0 0


x=d 10 BH a 
x=dIOBH a


Figure 3b 
Stem Profile 

1.0 

y=h/H 

0


x=(a-dIO BH) 
a


B. Mathematical Derivation 

Let Y = A(1-exp(-cx))m W1ere X = a-dlDBH, y = h/H, d=dib, A is the 
upper asymptote and a = (dib at stllllp) /DBH. Solv ing for x yield s: 

111m 
x = --In[1 - (y/A) ] [1]c 

or equi val entl y 

111m 
d = DBH[a + -c In( 1 - yl A) )] [2 ] 

Letting cf = 1c gives 

d = DBH[a + c' In(1 - (Y/A)l/m)] [3] 

At the top of the tree, the relative height (h/H) is equal to one 
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and the d iam eter ( d) sho uld be zero. Slbstituting these values into 
equation [3] and ~lving for A we get: 

-m
A = (1-exp(-a/c')) [4 ] 

Thus with a constrained model we need to estimate one less parameter. 

c. General Model 

Slbstituting exp-'ession [4] into equation E3] and letting 
b1 = a and b2 = c' gives: 

-b Ib 
d = DBH[b1+b2 In(1-(h/H)1/m(1-e 1 2))] [I] 

This is the constrained form of the taper equation that is forced to go 
through the tip of the tree. When evaluated at the base (h:0) the 

predicted diameter is b1DBH. Thus b1 is interpreted as the ratio of dib 
at the base of the tree to DBH. 

Preliminary fitting of model [I] with a 75% sample of Ibuglas-fir 
resulted in 11m = 0.3397 (S.E. = 0.015). When 11mwas restricted to be 
1/3 there was a subsequent increase in residual sums of squares of only 
16.9 from 1345.25 to 1362.26, a change of only 1%. With a five parame
ter version of model [I] Wensel and Krumland (1983) reported a 11m val ue 
of .387 for coast redwood. These results coupled with the non
itegrability of [I] \-t1en m is not an integer led to the fixing of 11m at 
1/3. See Appendix A for integral form of equation [II]. Thus 

d = DBH[b1+b2 In(1-,\(h/H)1/3)] [II ] 

where " = 1-exP(-b1/b2) 

Analysis and Results 

A. Diameter predictions 

Model Fit 

The sigmoid al taper equation model [II] ~~ fit to each of the six
species using nonlinear regression techniques.- Coefficients and fit 
statistics are p-'esented in Table 1 or Table 4. ~tailed analysis of 
bias, and standard error of the estimate are p-'esented in Tables 17 
through 22 for all six species. In general the models fit quite well 
and compared favorably with more complex models presented in the next 
section. Model [II] displayed oome biases with respect to relative 
height, but not with respect to total height or DBH. 

lY SAS non-linear regression routines (see Helwig and Council, 1979) 
were employed using Marquart's compromise for locating the minimum resi
dual sums of squares. 

http:1362.26
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Comparison with Max and Burkhart's Model


Evaluationof equation[II] against Max and furkhart's (1976) seg

mented JX>lynomial (termed model [III]) was performed for each species on 
the same data set used to estimate coefficients for model [II] - the


taper equation data. Coefficients and fit statistics for model [III]

are ITesented in Table 23. Cao et al (1980) evaluated several taper

equations and found the segmented-JX>lynomial to out-perform the others

tested in term s of bias, stand ard error and mean absolute dev iation Wlen

estimating tree diameters at various points along the stem. In ITedict

ing cubic meter volunes to various heights the segmented JX>lynomial

model ranked fifth of nine model s tested. Max and furkhart's model


(model III) is given as:


[III]

d2 = b1DBH2(h/H -1) + b2DBH2(h2/H2 -1)


2 2 2 2

+ b3DBH (a1 - h/H) 11 + b4DBH (a2 - h/H) 12


where L=1.if h/H<a. ; i= 1, 2

1 - 1 

1. = O. if h/H>a.

1 1


The following criteria v.ere used to evaluate the model s in terms of

diameters:


11\2
1

1) standard error of the estimate ( inches) 1~(d. - d.) /(n-m-1)


\1- 1 1

1\


2) average bias (inches)2/ ~(d. - d.)/n

- 1 1


J\ 

where d. is predicted diameter at height h. and d. is the actual meas

urement1 at JX>int "i" on the bole; m = 21= the ~umber of parameters in

the model and n is the number of data JX>ints in a specified region of

relative height, say .1 - .2 of total height.


Results are ITesented in Tables 17-22. HesuIts presented are simi

lar Wlether referring to the taper equation data (75% sample) or the

testing data (25% sample). Thus unless noted, results apply to both

data sets. For the species presented it is evident that the standard


errors of the estimate are virtually identical for 6?e two models on

every region of the tree from the base to the tip.- This similarity

holds across species. fbv.ever,there are some differences in biases and


2/ For convenience the subscript i is not included in models II and III,

but is implied.


§./ Mean absolute deviation in inches was computed, but conveyed little

information above that given by standard error of the estimate. Thus it

was not presented in the tables.
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Table 17. Statistical evaluation of M::>dels[II] and M::>del[II!]. 

Ponderosa pine 
Standard Error of the Estimate (in.) I Standard Error of the Estimate (in.) 

Taper Equation rate (75% sample): Testing rata (25% sample) 

I Height: 
II : r-bdel [II] : 

II

Model [III] : 
II

No. of meas. : 

II

Model [II] I Model [III] 
II

: 
II

No. of meas. :
: 

: 1. 0'-4. 5': 
II 

:4.5'-.1H: 
: 

1. 80 

1.46 

: 
II 

: 

1. 81 

1.40 

: 
II 

: 

186 

186 

: 

II: 
1.58 

1.03 

I 
II 

: 

1.61 

1.12 

I 
II 

: 

67 

65 

:: 
I 

I 
I 

: .1H-.ai i. 
I 

1.44 I
I 

1.33: 82 : 1.54 : 1.63 : 29 
I 

: .ai -.4H. II. 1.20 ~ 1. 18 ~ 236 I. 1. 13 ~ 1. 11 ~ 67 
I 

1.4H-.6HI 
I 

: 1.35 i~~~-~~ -- 1.28-~ i 228 I , 1.14 i 1.09 i 74 
I 

1.6H-.aI
I 

I
I 

1.11 I
I 

1.11 I
I 

237 :
I 

1.26 I
I 

1.24 I
I 

78 
I 
: .aI-1.OH: 

: 
0.84 

I 
: 0.38 ~-

I 
: 380 

I 
: 0.82 

I 
: 0.77 

I: 99 , ,--

I 

!TOTAL : 1.27 I 1.22 ! 1535 I 1.17 ! 1.14 I 479 

Ponderosa pine 
Bias (in.) I Bias (in.) 

I 
I 

I 

II
I 

Height 

1 0' 4. -. 5' 

I 
I
' 
I 

II
I 

Taper 
r-bdel [II] 

0.62 

Equation rate 
Model [III] 

I 
I 
I 0.46I 

(75% sample) 
No. of meas. 

I 
I 
I 186I 

I 
I 
I 
I
I 

Testing 
r-bdel [II] 

0.68 I 
, 

rata (25% 
Model [III] 

0.55 

sample) 
No. 0 f meas. 

i 67 

I 

I 

: 4. 5 '-. , 1H 
I
I 
I
I -0. 57 -

i 0.20 I 
I 186 i -0. 39 

I 
I 0.36 i 65 

I 
I 

II .1H-.ai I
I -0. 50 I 

I 0.00 
I
I 82 I. -0.49 ! 0.07 I . 29 

I 
I 

: .ai -.4H 
I 
I 

: .4H-.6H 
I 

--

I
I 

' 
I 

-- --

O. 17 

0.44 

I 
I 

! 

0.05 

-0. 03 

i 
, 

I 
I 

236 

228 

I 

I 

. 
! 

0.24 

0.41 

! 

I 
I 

O. 10 

-0. 05 

' 
I 

I 

67 

74 
I 

: .6H-.aI 
I 

i. -
0.05 I 

I -0. 07 I 
I 237 ! -0. 02 I 

I -o.10 ! 78 
I 
I 
I, .aI-1. OH I 

I -0. 22 
--

I 
_1 ------

-0.02 
n I 380 I 

I -0. 22 i -0.04 I 
I 99 

I 
I 

iTOTAL ! 0.03 i 0.07 I 
I 1535 i 0.06 

I 

, O. 11 i 479 
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Table 18. Statistical evaluation of t-bdels [II] and t-bdel [III]. 

J:buglas fir 
Standard Frror of the Estimate (in.) , Standard Frror of the Estimate (in.) 

Taper Equation Date (75% sample) 
I
I Testing Data (25% sample) 

I Height I 
II 

I I 
II 

I 1.0'-4. 5': I 

I 
I 
I

I 

: 4.5 '-. 1H I
I 

I 
I 
II 

I . 1H-.aI 
I 
I 

I I 
II 

: .ai-.4H I 
I . II 

t-bdel [II] 

1. 14 

1.23 

0.93 

1. 17 

I
I 
I 
I 
I 
I 

I 
I 
I
I 
I 
I 
I 
I 
I 
I 
I
I . 

Model [III] 

1. 16 

1. 15 

0.99 

1.28 

I
I 
I 
I 
I 
I 

I 
I 
I
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

No. of meas. 

149 

143 

38 

155 

: Model [II]. 
I 
I 
I 1 .38 
I 
I 

I 
I 0.81
I 
I 
I 1. 61 I 
I 
I 
I 

1. 35 I 
I 

I 

I 
I 
I 
I 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I
I . 

Model [III] 

1 .43 

0.77 

1.83 

1. 52 

I 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I
I 
! 

No. of meas. 

55 

49 

13 

55 

I 
I 
I 
I 
I 
I 
I 

I
I 
I 
I 
I 
I 
I 
I 
I
I 

I 
: .4H-.6H I 

I 1.35 i 1.59 i 159 ! 1. 40 i 1.69 i 43 . 
I 
I 

; 

I 

: 

.6H-.8H 

.8H-1.0 

I 
I 
I 
I 
I 

! 

0.99 

0.86 

i 

I 
I 
I 
I 

1.09 

0.97 

i 

I 
I 

176 

376 

I
I 

I 
I 

1. 08 

0.73 

I 

I 
I 

1.23 

0.91 

I 

' 

56 

121 
r 
I 

!TOTAL I
I 1.07 I

" 1. 15 I 1196 I 1.09 I
I 1. 18 i 

I 392 

Douglas fir 
Bias (in.) I Bias (in.) 

I Height. 
I 

I
I .
I 

Taper 
t-bdel [II] 

Equation 
Model 

Date 
[III] 

(75% sample) 
No. 0 f mea s. Model 

Testing 
[II] 

Data (25% 
Model [III] 

sample) 
No. 0 f meas. 

: 

I 
1. 0 '-4 . 5': 

! 
-0. 06 I

I -0.10 I 
I 

149 I 
I 0.28 0.23 I 55 

I 
I 

II 4. 5'-. 1H I -0. 45 I
I -0.17 I

I 143 I 
I -0. 29 I 0.00 I

I 49 
I 
I 

: . 1H-.aI 
I 

I -0. 01 I 
I 0.21 I 

I 38 
I 
I -0. 48 ! -0 .21 I 

I 13 
I 
I 

: .ai-. 4H ! 0.51 ' 
I 0.71 I

I 155 i 0.64 I
I 0.84 I

I 55 
,
I 

: .4H-.6H ! 0.81 i 1. 13 i 159 I 0.69 I
I 1.03 i 43 

r
I 

: .6H-.8H I 
I o. 13 i 0.42 i 176 I 

I 0.26 i 0.53 I 56 
. 
I 
I 

: .8H-1.OH 
I 
I -0. 47 I 

I -0.62 I 
I 376 I -0.42 i -0.60 I 

I 121 
. 

I 

!TOTAL i -0. 01 ! 0.08 ! 1196 I 
I 0.06 

. 
I O. 14 ! 392 
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el <::: [ TT l ~nrJ '''orl'-.l rTTT J. '. \.. ) . ..'" v c.; c. a rJv v I. .' ~ ~ ~ - c., 1,- ,. . L. ~~ . 

Red fir 

I ~)tandc:rd Error of the Esti:nate (i:1.)r------- St.8nj~Jrd Error of the E.3tir:Jcte (in.) I 

I Taper E.':juation Date (75% sample) 
l 
I 

Testing Cata (25~ samr,le) -; 
I lie ig ht : ibdel [II] nodel [III] [.10. of meas. : toad [II] f'10dd [III] no. of meas. :r- ! II --;- I 

I I I I 

I I I I 

I 1 0 '_)1 h' I 1. 10 1.26 I 
('

I 

I I I	 II ~..:~ -. I	 I
34 o.99 -1. 55 -' 

J
I I	 II I	 II 

I I I I:4.5'-.1H 
I 1.13 

I

I 0.79	
I

I 34 1. 51 1.80 7 
I

I-I I	 I I 

:
I

I
. 1lJ-. 21 e.02 

I

I

I f)v. "))1,	
I
I 2 -f- o. co ---o.co 0 

,
I

I
I 

I 

I I	 I 
: . 21-. ~H 1.01 I

I 1.13 I
I 30 1. 06 1.66 1 G I

I
r I

I I - ..I
I	 I I 

I	 I
I .4H-. f:I : 1.57 i 1. 53	 I '-I

')'7 1. 116 1.97 1 C 
I
I 

, ~ T-	 - -I I I 
I 1 I 
I . (;11-. 211 1. 30 i 1.56 I 31 0.98 1.20 1...--- I	 I 15-I I	 I 
I I	 I I 

: .W-l.CH .1.08 
I
I 1. -' i::? ,

I 71! O. '27 1.55 I
I 

29
I I I - -
I I	 ,
i TCTAL 1. 15 ! 1.28	 I, 232 1. CO 1.19 80 

Red fir 
Bias (in .) Pi a s (in.) 

Tape r Equa ti 0 n Date ('( 5 '7. sampl e) : Te sting DatCJ (257 san pI e) I 

T ,., r TT" ~	 I 

I
I He i; bt lbdel [II] I ,lodel [III]	 I ['~o. of meas. : rodel [~I ] I ,10cel LI.d" I ,10. of meas. ! , .	 I -.,. -.,.- 
1 I I 
I I II 1. C'-4. 5' I o. ::'6 -0. 52	 I 34 I o.~s -v.["\ lJ?'- c'" t l	 " T
I I	 1 I
I I	 I
,;) i::'- 1~I -0.72 0.04	 I 34 

I
I -1. 10 -0.21~~ ::	 ..I.-- --+-I	 I

I	 I
I I 
I I: .1H-.31 0.09 O. 111	
! 

2 0.00 0.00 0 
I I I T 
I I I I 

I	 I: . 21-.l~! : O. 11 0.23	 I 30 0.68 0.80 10 I , "-	 ----I I	 1 

: .l:II-. £11 : C. 91 C.75 27 O. C8 0.50 1 C 
1
I 

: -+ 
1 I 

I .(;1-1 -. CH I C.CO -0.41!	 31, .	 c'. 30 -0. 10 15I 
I 1 
I I I 

-0. 1[	 -f) ':1c I 
: .1:;1-1 . 0'1 : -0.91	 I 711 .. ...i...i -1.\:7 2S I 
I ~ ---r	 ...

II I 
1 0.01 2-,?	 °'"'!TCTAL I	 -0.30 ,)~ C.06 -0. 31 (>J 
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T:}ble 20. ::tc1tisticsl evduation of I'od€ls [II] ad t"adel [III]. 

'.!hite fir 

Standc:rd Error of the Esti'nc;te (in.) StandCird Error of the Estimate (in .) I , --r 
"'o"'" l'",Cf ,,~'"~ (?r:"- "''' 

t,---
r-
' 

Taper EquRtior. Date (7S"}; sa~nple) : "- "" "", to""vp \ ~ J," ~al.mpl, 
c.
'- ) I1 

I lie ig ht--+ Lodel [II J , Modd [III] , Uo. of me2S. : !bdel [II] . nodd [III] , !io. of ::'Jcas. II 

r--- I . --r -,-
, ..L , I 1

I 
I I I 
I 1.0 '-" h' I 1. 26 1. 31 : 274 : 1. 21 1.26 36-- ! 

~ I 

I I I I I 
~-- :> I ,
I I 101 I

t...::.5'-. 1H : 1.29 1. 10 
1
: 226 : 1. 35 , 1. 10 I 

I 
I I I I I I

,
I I . I 

I

1. 12 1. 29 I 52 1. CO I 1. C4 24 I 

L.:.-21! --. 21 ! or 
I I 

I
,-I I 

, I cr:: I
I 

I ~, 1. H; 1. 02 274 1. 13 1. 04 ,-,I .61- 1'" I I 
..

;---' "1 i
I 

I
I 

I
I -
I I I 
I .rill-. C!l 1.42 1. 22 I 258 1. 31 I 1. 21 107 
r-- ! 'T 
I I I 

: .O!-. SH 
I
I 1. 32 1. 34 336 1. 50 

I
I 1. 114 1CO 

I '--r" 
I .;..-.-----

II 
I II I 
I C.77 0.67 526 0.92 I C.[;1: 1 [/\ 

: I.8H-1.a.I 
1 

I 

! TOTAL 1. 17 1. 09 1948 1. 22 1. 12 697 

\-:hi te fi r 
Bias (in.) Bias (in.) 

1 Taper &luation Cote (75% sample) 1
I Ie stine; D<Jta (257 sCJnple) I

I 

He ig ht I Vodel r II J . Hodel [I II J No. of meas. : bd el [II] . r.10del [III J No.ofncas. 
I
I , - i --rI 

I I 
I I r"
1 1 . C'_I: ; :::' : 'J.08 1

I 
-0.24 27tj I 0.22 -0 . ()l1 C", 

I ,
I

I I I 
I

1 I I
I I,I. c:: I -0. 70 I 

-0. 14 22f.. I -'). 80 -0.2( 101 
~-!'-.m1 --- ,
I I 
I
! : 1'1

:, -.21 -0. 2S' I -0. 35 52 -0. 31 -'J. 32 24
I 

I: -- I 

: .2H-. IIH O. 61 I
I 

O. 14 274 0.56 0.09 95 
,.- I , 
I

I I 
I 

~ -!L': . 4Il-.6H I C.t7 
.
I 0.28 I

I ')1:'0 o. CiS 0.28 107 
T
I , . I ,

I I I 
I

I .m-. 2H 1
I

I -0.02 I
I 0.40 

I
I 336 -'J." L"" r. O. 12 

~ 

I
I 1 DC 

1 -- --L- I 
I I I I


I I I I


: .W-1.CH ').31 ,
I 

O. C7 I
I 52( -0.2E (). 15 1

I 1I .,' PI'

,.---- ---r rI 
I I I I 

i T I'T r.L O. 01 
I 

C. Of:: 1941: -c. 03 C.07 I 6S7I .-- I 



- 37 -


Tabh 21. 2tatisticd evduation of !'.odels [IIJ end I'odd [IIIJ. 

C', 1CJ 2r',~o pine 
I Stand exd Error of the £stimC:.t2 (in .) .1

I SL:mdE,rd Frror of the Estbc,t./~ (in.) 
I;--- T2~r Equation I:at8 (757 sa:nple) Testing Data C257:-s8mr;l(;)-- -j 

I ! 
I HeiGht I !bde1 [II] . rlode1 [III] ,'10. of mec::s. : Fod e1 [ II J nod e1 [I II] '10. 0 f ::1eas.
 I, l-
I I I

I
I 

I


I I 

: 1.C'_11.5' I 1. I''),,- I I I 
I I1---- 1 ~ 

1. 44 65 1.37 1. 53 20 JI I

I I


IJ2 63 1. 49 1. 71 19
I
:4.5'-. 1H

I I 1.41 I 1.I


t -i

I


I: . 1II-.21 I 
1. 36 1. 55 14 1. 37 2.112 -e

TI

I
I


I
: .21-.1~! 
I 

C.99 1. 01 80 1. 26 1. 411 21r ~ 
I I
 -
: . Iff] -. CH 

I


T
I

I 

1. 02 o. S6 75 1. 26 1. 18 >- 17
I

I I

I

'.OI-.f}! 1.2c; ~J ') '; ~ I .I 1. 53 23 1 . ,..-, -. ..) ~ 
I ---t 
I
 I

'.m-l.WI C.68 1. CS 162 1. 16 1. 64 I


I

( , 
I


! TOTAL 1. 08 1. 19 542 1. 39 1. 55 150 
! 

Sug c:.r Pine

Bias (in.) [i a s (in.)


I 12p8r Equation D3te (757 sa:np1e) I Testing Di,ta (257 sample)
 I1-I . i

I He ig lit tI tode1 [II J . Hodel [III J , No. of meas. : t':ode1 [II J . t.10d€I [II I J . No. 0 f meas. I
.--

I i
 I

I I I I


: 1. I IC,_!+. 5' I . 47 I o. 17 65 o. 39 0. 1t I20
>-- I I

J

I 

I I
I 

I

I I

I l' c, '- V1 I -0.48 , ..n ? (> ~ "'c


-=-. I ! C.30 63 ., . .J ~ ,). ::", 1S 
I
I 

I I

I I' I I I 
I .m-. 21 I -C. 42 I -C. 31 14 0.03 O. 13 G

(")
I 

I

I


21 
I I I

I .a!-.4H i -C. 02 I -0.26 I 80 -0. 05 -f). ')0~~ 
r 
I

I I
I .1.;:1-. G! I O. 11(; i -. OS i 75 0.67 O. 12 17
. I I

I I

I I

I 
I


I . G1-. 8!! 
I I O. OS I -0. (1 i P? 

I v..J -0. 16 -e. SO 30--r--
I I

I I 

I

I I

I
I n 7° I r, ('7


I . [:1-1 . Cf! I -;.1.15 I -.J. . C, 1 (2 -0.22 -"'-' 35,----- I ----r-
I I I


! 10T,L II
I C.02 I -0.33 I

I 51[2 -0 . 03 -l;. 37 150
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T;1ble 22. Statistical evc:luation of Ibdels [II] <.nel r:odE:l [IIIJ. 

bc en se Cedc,r 

Ir---Stand 2rd Error 0 f the Estim cote (in.) -I Stancl"rd Error of the Esti:T1Ete (in.) 
II Tap'=r Equation Gate (757 sample) : Testing Cata (257 sa;nrl e) 
I 

!!e ig ht 
I 

Ibdel -.[II] I nodel [III J 
I 

rlo. of ne<3s. :
I 

r:odel [II f i10del [III] 
-rI :10. of nec::s. --i.I I 

I: 
I
' I

I : I 

,1.0'-lj.5' : 1. 1II 1. 30 36 I 1. 24 1.95 
..
I P

~ 
,
I, I .., , I: ' , I ' 

, 4. 5'-. 1H : 1.07 1. 07 50 , 1. 63 1. 66 ,I 1S : 
, I I

I: ' 
, 111 "".1 " ' 0.88 I 21 ,-' 2.20 5 I
I . , -. G. -or- 0.69 I I 

n~. 7r:::
,
,

II I , I 
I I I ,
: .a! -.lJB ,: 1. 26 ,I 1. 29 II q (). 73 0.79 17 I 

, I , , 
r:::?- --- 13: .4!i -. 6H 1. 27 I

' 
1. 33 'I -'J 1 . ?(1 1. 65 

, , . 
I I I 

: .5:1 o. S5 I
I 

('0v. ,''''' ,I 75 1. 32 1. 4f ?~I

'------.en ell 

I I 
I I I 
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I I I 
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I Taper [::fuation Date (757. sam;::le) : Testing Cata (25~ sample) ,I0.

fIe ig ht I lbdel [II] I r'iodel [III] I ~Io. of mea::;. : lbdel [II] . Hodel (IIIJ , :roo of::1€2s. 
I
,

1.. . I 
I I

I I
I , 
I 

1 .. ( . '_I! ...Jr:' II 0.54 0.39 86 , 0.68 0.37 8 
>---, ,

II 
I,4"'-111 I -0.49 0.37 50 -0. 55 0.32 1S L-. -' .. , , 

J::: .1iJ-. 3J 0.24 0.4S 21 -0. G1 0.33 .J 

,.---
I 

: .eH-. liB -0. 24 -0.20 47 0.00 0.04 17 
r 
I 

: .4!J-.OJ c. 17 0.07 53 0.74 (). (;L\ 13t-----I 
~r ')?

'"--- r --'~1 D 0.20 -0.01 '-j: .m-.81 ". -, I o. 13 ,
I I 
I I I 

I " I 

r-- -u.c.; ,-I 
I 

: .2H-1 .C!! o. 11 ('0 ')~ 3!~ (). C1 -J.2,""7 1)0 I 
~ 

I , ,
! TCTf,L O. 15 o. 10 1j1 E: o. cr I

i 0.011 125 I,
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')"')Tab} c c.) . Coeffic ients Gnd fit st8tistics tor ':3X (}nd Purkhart's 
model (rod el III) 

SPEC IES 
I
I 

I
I pp 

I 
DF 

I 
RF 

I 
'dF 

I 
SP 

I 
F'-' 

I 
I 

'b: 1 
I 

I b 
I ?
I 
I 

: b..., 
I .) 
I 

I I, 

: "LI 
I 
'.. 
: C'1 
I 
I.. 
I < 
I c:. 
I 

: n 
I 
I 

I 
I 
I 
I 
I 
I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
,
I 
,
I 
,
I 
I 
I 
I 
I 
I 
I 
I 
I 

-2. S'52 e 

1. l.1175 

-1. E568 

53.25211 

G. 72:; 9 

C.0809: 

1 C)7",, ..j-

I 
I
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
,
I 
I 

I 

I 

II
I 
I 

I 
I 

-2. 95 4 3 
I 
I 
I 
I 

1. 3691 I 
I 
I 

I 

-0.9903 
I 
I 
I 
I 

2 9. 932 (', : 

I 
I 

o. so64 
I 
I 
I 
, 

o. c822 
I 

I 
I 
, 

1, 1911 
I 
I 
I 
I 

I 

I 

-2.9735 
I 
I 
I 
I 

1. 2973 I 
I 
I 
I 

-1. 1479 : 

I 
I 

102. 2100 : 
I 
I 

O. 82,64 
I 
I 
I 
I 

O. 0695 
I 
I 
I 
I 

232: 
I 
I 

I 

I 

-2.6789 
I 
I 
I 
I 

1. 2778 I 
I 
I 
I 

-1.71149 : 
I 
I 

75. C 75 
I 
I 
I 
I 

0.5850 
I 
I 
I 
I 

o. 0734 I 

I 
I 

I 

1 , S4 8 : 
I 
I 

-2. 91 21 

1. 3756 

-1.1496 

76. 3697 

o.8309: 

C.0691 

542 

I 

II 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

: 
I 
I 

I 
I 

-2. 91 (3 : 
I 
I 

1.4190: 
I 
I 

-0. Sit69 : 
I 
I 

113. In 00 : 
I 
I 

o. SOI 0 : 
I 
I 

0.06(;8 : 
I 
I 

It1 C : 
I 
I 

I R2 I c. 9717! O.9730! 0.9820! O.9769! 0.9301 I 
I 0.9774 I 

R2 = Squared mul tiple correlc.tion coefficient computed for d2 
b2sed on analogy to the linear model. 
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direction of bias. To help summarize the relationship of bias to rela
tive height, the average model behavior across species is presented in 
Table 24a and Table 24b. There are regions in w,ich the models (on the 
average) displayed relatively little bias. These were 10-20%, 20-40% 
and 60-80% of total height. fuwever, the directions of the average 
biases were usually different for model [II] versus model [III] in these 
reg ions. 

Between 1'-4.5',40-60% of tree height and 80-100% of tree height, 
model [II] and model [III] displayed the same direction of bias. In 
these regions model [III] had greater variation (approximately 50% 
higher) in the range of biases across species, but model [II] usually 
had higher average bias val\ES with the exception being in the highest 
segment of the tree (80-100% of tree height) mere it was lower than 
model [III]. 

For the reg ion 4.5 '-. 1H model [II] showed differences in direction 
of bias and in the degree of bias from model [III]. In this segment, 
model [III] was less biased on the average, but showed a range in bias 
approximately 50% greater than model [II] on the taper equation data set 
whereas on the testing data the range in bias was 25% less than for 
model [II]. Model [II] tended to overpredict to a much larger extent 
than did model [III] for this segment. 

In general, both models tended to mderpredict at the base (1 '
4.5') and at midrange IX>rtions of the stem (20-80% of total height). 
Overpredictions tended to occur at the tip (80-100% of total tree 
height). Near breast height (4.5'-10% of total height) model [II] over
predicted w,ereasmodel [III] mderpredicted to a lesser degree. Nei
ther model displayed any bias with respect to DBHor total height. 

B. Comparisons of scaled versus predicted volumes 

Because taper equations may be used for volune estimation as well 
as for Ired icting upper stem diameters, a comparison of vol unes calcu

lated using r?e profile from models [II] and8/[III] was compared with
actual sc al ~ of all trees in the data set.- Using Irofil e equations 
[II] and [III] cubic volunes were determined by integration (see Appen
dix A for integration of model [II]). Board foot val \ES were calculated 
from diameters at log-leng th intervals by appl ying the Scribner vol une 
equation (see footnote 7). 

II Board foot scaling was performe::! using a 1.0 foot stunp and a log 
length of 16.5 feet w,ich incltrled a 0.5 foot trim allowance. Volunes 

for ind ivid ual log s were determ i~ed using the following equation (Bruce
and Schunacher, 1950): V = .79d - 2d -4 where d = diameter inside bark 
at the snall end of the log. Olbic foot scaling was accomplished using 
Smal ian's fo rm ul a fo r geometr ic so 1 id s . 
}il The entire data set was comprised of the taper equation data (75% 
sample) and the testing data (25% sample) described mder Data Sources. 
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T-"b1e 2!!ZJ.Comprison of bids for t~()del [II] c:nd !'odel [IIIJ. Values 
are presented for the tar.-'0r equation d2ta (7'57 sample). 
V81ucs presented c:re computed 2cross species. 

T;:q::er Equation Leta (75 sampI e) I 

I I
I 

t'od e1 [II] I
I 

i10del [III] 
-,

I
I

::ieight I'-- I Fean I
I 

tiin I
" 

!'ax I Rang e I
I 

tie an 
1
I !'in I !ax 

I RanlS e I
II I

I 
I
I

I I I I I I I I
I I I I I I I I I 

I 
I 1. 0 '-4 . 5' I 0.33 I -0. 06 I 0.62 I 0.68 I 0.03 I -0. 52 I O.Ll6 0.90 I
I 

I I I ' 
I 

I I 
I I , I 
I I I I I I I I I 

:4.5'-.m 
I
I -. 58 

I
I
, -0. 78 

I
I' -0.4S 

I
I, 0.33 

I
I
I O. 10 I

I

I 
-0. 17 

I
I
I 

0.37 
I
I
I 

0.51) 
I I 
I I I I I I I I I

I I I I I I II I: . 111 -. 3! I -0.15 I
I 

-0. 50 I
I 

o. 211 I
I O.71j I 0.07 I

I -0.35 I
I 

O.4e; I
I 

0.24 
r-- ....--
I I I I I I I I I 

I 
I . ai-. 4H I

I c. 19 I

I 

-0. 24 
I 

o. 61 
I

I C.25 
I

I o. 11 
I

I -0. 26 I

I I

I-- I I 
I
I I 

I 
I I (). 71 I o. S7 

I I I I I . I I I
I I I I I I I

I I
II .LI-.6H I

I 0.5S I n. 17 
I
I o. S1 I

I (). 74 : 0.35 
I
I -0. oS' I

I 1. 13 I
I 1. 22 , 

I I . ,
1 '-

I I 
I
I I

I
I

,
I

'
I

I I 
I I I I I I I I I 

I .(i -. 2H I o. 10 I
I 

-0. 02 I
L 0.37 II 0.39 I

I -0 . 03 I -0. 61 I 0.42 I 1. 03 
, I - I I , 

I I
I I

I 

I
I I

I 

I
I 

I
I 

I
I

I

II I I I I I n ()o
I .[H-l.CI! I -0. 20 -0. 47 I ']. 11 I 0.58 I -0. 42 I -0. S'1 I

I 0.07: '-'. ;'J 

T3ble 2L:b. G.;rnparison of bias for Fadel [II] 2nd FodEl [III J. VAl ues. 
are presented for the testing data (251 sample). V81ues 
presented are computed across species. 

Testing Data (25% sam pl e) I
I 

I ' tiod el [II J I Hod e1 [III J I
II 

: !!2ic;r:':;, I teen I r'in I !:ax I R::m if,e 
,
I 1'e an !'in 1ax Fang c 

I
I1----- I I I , I I, I

I
I
I 

I I
I I I I I I I 

I 
I I 

I I I I

I
I I I n ('7I 1. C'-4 . 5' I O.Ll7 I 0.22 I 0.68 I O.LlO O. 14 I -0. 112 I 0.55 , G. .-' I-.. I I I ' I I I

I I I I I I I I II I
' I I I I I I I 

:4.5'-.m I -0. 59 
I
I -1. 10 ,

I -0. 29 I
I 

o. 81 I
I O. 10 

I
I -0. 26 

I
I 0.38 I

I 0.64 
I I I 
I I I

I
I
I

I
I I

I
I

I
I

I
I 

I I
I I I I I I (') ,"p I II . 1:!-. 3r -0. 21 

I _rJ. 4S I 0.03 I 0.52 I -0. 01 
I 

-v. ,. I o. 33 , 0.71 r----- I I I I I 
I I I

I I I 
I I I I I I I 

I I I I
I .2] -. L:! I o. 311 I -0. C5 I 0.68 I r). 73 I 0.25 I -1. 3S I O.81j I 1. 23 r-- I

I
I I

I
I
I I 

I I I I
I 

I I I I I
I I I I I I I I 

I I I I I I I I I II .III! -.OJ I C.64 I O. 41 I C.71j I ('
.:;:; I 0.42 I -'J. 05 I 1. 03 I 1. Of: I 

, , I I , , , ---' 
I '

I
I
I I

I I
I 

I
I 

I
I 

I
I I

I I
I

I I I I I I ('\ h') I I , .OJ-.G1 I C.05 
' 

-0. 2P ' (). 30 0.5oS I -0.07 -0. SO I \'. J"; 1 .. 11:: I- ' ' " r--- I I I I I I I I I 
I I

I I I I I I I I 
I 

I I I I I I I I I 
I .Di-1 .0:1 I -0.26 I -0.42 I O. 01 I 0.113 I -0.48 I -1.07 I o. 15 I 1. 22 
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Percent overprediction by 4-inch diameter classes was computed and 
is presented for cubic volune in Table 25 and board foot volune in Table 
26. When ju:iged overall DBHclasses, model [II] and model [III] per
formed similarly. For cubic foot volune to a 4-inch top, model [II] 
underpredicted by 0.3,4.4,2.8,4.6,1.1 and 3.9 for PP, IF, RF, WF, SP 
and IC, respectively. Model [III] underpredicted by 1.6, 9.0, 3.4, 3.3, 
-2.4, 4.9 percent, respectively, for PP, IF, RF, WF, SP, and IC. Within 
a diameter class there was variation, with models [II] and [III] some
times underpredicting and sometimes overpredicting. fbwever, the tw:) 
models almost always predicted in the same direction and were within 
several percentage points of each other. When the two models were not 
close together, t-bdel [III] was usually more biased than model [II]. 

Judged overall, comparisons of board foot IJ"edictions to a 6-inch 
top with scaled values showed model [II] overpredicted 1.6, -6.7, -5.1, 
-7.3, -G.8 and 0.1 percent for PP, IF, RF, WF, SP and IC, respectively. 
Model [III] overpredicted 2.3, -11. 8, ~. 4, -2.4, 6.5 and 1.5 percent 
for PP, IF, RF, WF, SP, and IC, respectively. As for cubic volunes, 
within each diameter class, the direction of the differences between 
scaled and IJ"edicted values were ~imilar for both models. For any given 
diameter class, both models were usually within 5 percentage points of 
one another. When this difference exceeded 5 percentage points model 
[III] was usually more biased than model [II]. 

C. Comparison of taper-based volume to whole tree volume equations 

An al ternative to taper-based volune estimates are mole tree 
volune equations. These models can not be used to IJ"edict volune by 
section, but might IJ"ovide better estimates of mole tree volune. The 
form of these models for these comparisons (see \\ensel, 1977) was: 

In(V) = Co + c1 In(DBH) + c2 In(H) [IV] 

where In = natural logarithm and H = total height in feet. 

Model [IV] was fit to each species using the scaled volune data 
previously described. Percent overpredictions for each species by diam
eter class were computed and are IJ"esented in Tables 25 and 26 for cubic 
and board foot IJ"edictions. As ju:iged overall, the cubic foot equations 
for model [IV] were usually within 0-2% of actual mereas board foot 
vol unes were within 2~ % of ac tual . In general taper-based IJ"ed ic tions 
performed nearly as well as mole tree equations. As ju:iged overall, 
Model [II] cubic foot IJ"edictions were within 0-5% of actual and board 
feet pred ictions were wi thin 0-7% of actual. Model [III] cubic foot and 
board foot predictions were within 2-10% of actual. Within individual 
diameter classes, model [IV] performed similarily to model [II] and 
model [III]. However, in the smaller diameter classes «20 inches) 
model [IV] tended to have smaller average bias than the taper-based 
models. This trend tended to mId more for cubic volune IJ"edictions than 
for board foot IJ"edictions. However, considering the small average 
vol unes associated with diameters less than 20 inches it is unl ikel y 
that there is a strong a::Ivantage to using model [IV] over model [II] or 
model [III]. These relationships can be easily seen in Figures 4-15 and 
16-27. These figures display actual scaled volunes versus predicted 
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Table 25. Comparison of predicted and scaled cubic volunes to a 4" 
merchantable top. Average percent over-prediction by DBHclass. 

Percent Over pred ic tionsl,£/

DBH Cl ass


Spec ie s del 8 12 16 20 24 28 32 36"" over all 

PP II -10.3 -2.4 . 8 -1.3 1. 3 4.0 9.2 . 6 . 3 
III -10.4 -3.6 -2.3 -2.7 . 1 2.7 7.8 -1.9 -1.6 
IV .6 3.0 1. 1 . 8 0.7 2.7 6.8 -0.9 1.2 
n 10 35 62 51 42 28 8 3 239 

av . vol 11.2 20.9 40.8 74.8 115. 8 169. 3 237.4 316. 6 82. 1 

-DF II -1 6. 3 -8.2 -5.0 -3.3 3.4 1. 8 17.0	 -4.4 
-III -19. 5 -12.5 -9.7 -8. 1 -1.6 -3. 1 11.4	 -9.0 

IV 0.9 3.0 0.5 . 8 3.3 . 7 11.5 - 1.3

n 7 44 53 35 16 8 3 -

- 166

av . vol. 11.7 20.9 45.2 78.8 116. 9 169.6 196.6 60. 1


RF II - -16. 0 0.5 -2.2 6.5 O. 1 - - -2.8 
III - -16.4 . 1 -2.8 5.8 -0.5 - - -3.4 
IV - -6.7 5.4 0.3 5.9 -3.6 1.0 
n - 7 12 18 4 1 - - 42 

av . vol. - 24.5 43.7 72.8 97.3 148.7 - - 60.6 

WF II -7.6 -10.0 -6.2 -3.4 3.7 7.6 1.0 6.7 -4.6 
III -5.8 -8.7 -5.0 -2.0 5.2 9.2 2.6 8.4 -3.3 
IV 7.5 0.3 . 5 . 4 3.8 6.3 -2.3 2. 1 0.7 
n 8 78 87 83 32 14 3 1 306 

av . vol. 9.2 21. 8 45.9 80.2 114. 1 168.7 269.6 282.2 63.8 

-SP II - -8.4 -4.3 3.7 -2.8 2.9 11.5	 -1. 1 
III - -4.7 . 9 7.2 0.5 6.3 15.3 - 2.4 
IV - . 1 . 1 5.2 -3.6 0.4 7.9 - 0.6 
n - 12 16 18 19 12 3 - 80 

av . vol. - 17.9 35.4 59.7 106. 5 144. 3 177. 6 - 76.8 

IC II -11.6 -9.9 -3.4 o. 1 4.8 17. 1 - 13.2 -3.9 
III -9.8 -1 O.4 -4.8 -1. 4 3.2 15.4 - 11.7 -4.9 
IV 10.0 1.0 . 1 . 6 0.8 9.7 - 2.0 0.9 
n 2 28 22 15 '4 3 - 1 75 

av . vol. 5.5 12.2 26.2 44.5 64.0 92.4 - 194.6 31.0 

" Predicted volume - scaled volume1\	 Percen t overpre d Ictlon = sca 1 d e vo 1ume 
X 100 

2\	 Only trees greater than 8 inches in DBHwere scaled. Thus there were

fewer trees for analysis than listed in Table 1.
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Tab1e 26. Comparison of predicted and scaled board foot vo1unes to a 6" 

merchantable
Percent 

top. Average If.'2c!nt
Overpred ic tions-'-
DBHC1ass 

over-prediction by DBHclass. 

Species 

PP 

M:>de1 

II 
III 
IV 
n 

av. v01. 

8 

-1. 1 
8.4 

10.7 
10 
40. 1 

12 

7.0 
4.0 

10.9 
35 
85.0 

16 

0.2 
2.0 

-0.5 
62 

197.5 

20 

-1. 3 
...Q.4 
-2.9 
51 

407.4 

24 

o. 1 
0.6 

-0. 1 
42 

684. 6 

28 

4.2 
4.3 
6.5 

28 
1043. 0 

32 

9.9 
9.7 

15.7 
8 

1523. 4 

36 

0.3 
-0. 1 

8.9 
3 

2054.5 

over aD 

1. 6 
2.3 
2.7 

239 
471. 6 

DF II 
III 
IV 
n 

av. v 01. 

-27.4 
-7.7 
5.4 
7 

45.0 

-1 o. 9 
-1 8. 2 

5.9 
44 
89.7 

-7.4 
-13.3 
-0.7 
53 

232.0 

-4.8 
-10.5 
-1. 1 
35 

439.4 

3.9 
-1. 8 
6.3 

16 
683. 9 

0.5 
-5.2 

1. 9 
8 

1055. 8 

19.6 
12.9 
19.9 
3 

1223.8 

-
-
--
-

-6.7 
-11.8 

2.4 
166 
331 .3 

RF II 
III 
IV 
n 

av. vol. 

-
-
---

-18.8 
-16.5 
-4.7 
7 

109. 3 

-2.0 
-1.5 
4. 1 

12 
218.5 

-5. 1 
-4.6 
0.0 

18 
400.7 

8. 1 
8.3 

10.7 
4 

545.3 

0.5 
o. 1 
1.2 
1 

896. 6 

-
-
-
-
-

-
-
-
-
-

-5. 1 
-4.4 
1.4 

42 
., 0- -

WF II 
III 
IV 
n 

av. v01 . 

8.1 
15.8 
31.4 
8 

29.5 

-14.8 
-8.5 

0.3 
78 
95.4 

-9.4 
-4.9 
-1. 5 
87 

233.5 

-6.4 
-2. 1 
-1. 1 
83 

450.4 

3. 1 
7. 1 
6.5 

32 
664. 9 

7.6 
11. 1 
13. 1 
14 

1032. 7 

1.2 
4.3 
7.3 
3 

1715. 9 

9.7 
13. 1 
15.5 
1 

1763. 7 

=7.3 
-2.4 

1. 6 
306 
353.0 

SP II 
III 
IV 
n 

av . vol. 

-
----

-10.2 
1.5 
1.7 

12 
68.8 

-2.0 
4.2 
0.9 

16 
160.9 

4.6 
12.0 
4.6 

18 
303.8 

-3.9 
2.0 

-4.9 
19 

600.0 

3.6 
10.0 
2.2 

12 
842.2 

13.6 
20.3 
14.5 
3 

1049. 9 

-
-
---

-0.8 
6.5 
1.2 

80 
41 9.0 

IC II 
III 
IV 
n 

av. vol. 

31.0 
-

50.3 
2 

10.0 

-6.0 
-4.3 
4.9 

28 
40. 1 

-0.7 
3.6 

-0.4 
22 

107. 2 

1. 2 
1.8 

-1. 1 
15 

205. 3 

7.5 
7.6 
2.8 
4 

304. 4 

21. 0 
18.5 
17.7 
3 

81.8 

-
-
-
--

21.5 
20.7 
23. 1 

1 
1 076. 1 

O. 1 
1. 5 
4.0 

75 
137.6 

1\ Percent overprediction = Predicted volume- - - , - I - scaled- , volume X 100 

2\ Only trees greater than 8 inches in DBHwere scaled. Thus there were 
fewer trees for analysis than listed in Table 1. 
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volunes from models [II] and model [IV] for cubic volunes to a 4-inch 
merchantable top (Figure 4-15) and for board foot volunes to a 6-inch 
merchantable top (Figures 16-27). The graphs show that the taper-based 
vol une estimates 
equations with 
classes, however, 
mates - especially 
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little loss 

the whole t
for cubic 

and can be 
of accuracy. 
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better 
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esti-

Conclusions 

In this study, a model derived from a sigmoid equation (model II) 
was tested on six conifer species of northern California and compared 
with the segmented IX>lynomial model. As judged by standard error of the 
estimate, for all species considered this sigmoid model compared closely 
with the segmented IX>lynomial that was judged superior by Cao et al 
(1980) in p-'edicting upper stem diameter. There were rome differences 
in direction of bias. The degree of bias was similar for both models, 
al though the levels varied by relative height and species. 

In light of the similarity ih performance of these two models, the 
2-parameter sigmoidal model (model [II]) is preferable because it is 
more parsimonious than the 6 parameter segmented IX>lynomial model (model 
[III]). Both model [II] and model [III] can be integrated (see Appendix 
A.) to directl y yield cubic foot volune estimates to any height. 

Vollll1es predicted with the taper based system (models [II] and 
[III]) were compared with scaled volunes of all trees in the data base. 
Judged overall, predicted cubic foot volunes were generally within 0 to 
5 percent of being mbiased, but for rome species over or mderpred ic
tion of up to 7 percent occurred. The board foot p-'edictions compared 
to s::aled were generally within 2-7% of scaled. For either cubic or 
board foot vollll1es, model [II] and model [III] displayed the same pat
tern and direction of over and mderprediction. The two models were 
usually within 1-5 percentage IX>ints of each other regardless of diam~ 
ter class. When they were not within 1-5 percentage IX>ints of each other 
model [II] was twice as likel y as model [III] to be closer to being 
unbiased. That is, when there was a discrepancy in bias, model [III] 
was usually more biased than model [II]. Thus, both model s performed 
similarly over the range of data collected. A comparison of scaled to 
predicted values from whole tree vollll1e equations, with minor exception, 
yielded similar results in terms of percent overpredictions as judged 
overall and within diameter classes. S:>meexceptions were noted for the 
smaller diameter classes. Thus, it appears that for this data set the 
taper-based volune estimates can be used in lieu of whole tree volune 
equations with little or no loss of accuracy. 
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APPENDIXA.


The integral form of equation (I) for use in direct evaluation 
of cubic foot contents to any height. 

Let D = DBH 
H = to tal he ig ht 
b = height to top IX>int in the upper stem. 

a = height to s>me base IX>int (not necessaril y the stunp) 

h = height to s>me IX>int in the stem between a and b. 

t =, - ex p( -b, /b2 ) 

q = 1 -,\ ( hi H) , /3 

2 2 
K, = .00545 b,DBH 

2 
K2 = .00545 2b,b2DBH . 

2 2 
K3 = .00545 b2DBH 

a' = a/H 

b' = b/H 

a" = 1 -,\ (a' ) 
113 

b" =, -,\(b,)1/3 

d = DBH[b1 + b2 In(1 -,\(hlH)1/3)] 

Then volune is given as: 

b 
V = 'tr .00545 i( h) dh 

a 

= K, H (b'-a') 

3 2 2 3 3 b' , 

+ K;ti[ - ,:\3] [q In(q) - q ~ In(q) + T + T ln (q) -T-] la" 

3 q 3ln2 (q) 2 2 2 2 3 
+ K3H[ - "3] [ 3 - q In (q) + q 1n (q) - gq In( q) 

,\ 
2 2 3 n 2 b' , 

+ q In(q) - 2q In(q) + ~ - 2" + 2q] 'a" 




