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Abstract

This paper presents a taper equation developed to describe stem
form for young-growth mixed conifers in Northern California based upon
the Tarif data. These models c¢an be used to predict upper stem diame-
ters as a function of relative height and DBH. Additionally, these
models allow for assessment of scaling diameters used in determining
volumes and hence volume fables are compiled using scaling diameters
from the taper equation.

This note is comprised of two parts. The first section provides an
overview of the project and presents the volume 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 so chosen,
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Definition of Variables

Variable(s) , Definition
1
b1,b2 E Regression coefficients for the taper eguation
co,c1,c2 ! Regression coefficients for the tree volume equation
1
1
d t Predicted diameter inside bark (in.)
dib  Diameter inside bark (in.)
DOB  Diameter outside bark (in.)
DBRH  Diameter outside bark at breast height (in.)
kij t Bark factor for tree i and species j
1
h ; Distance in feet above a one foot stump to some
t point on the tree bole.
H t Total height
y=h/H t Relative height above a ' foot stump
x=d/DBH ! Relative diameter
1
|
N i A constant in the taper equaticn which forces the
1 eguation to go through the tip of the tree.
In(x} 1 Natural logarithm of x
exp(x)} t 2.7128 raised to the power of x
Sy X ! Standard deviation of the residuals
E abgut the regressicon of "y" agn "x"
Re , Squared multiple correlation coefficient
"/m | allometric constant



I. Introduction

This report describes the development of taper equations for the
mixed conifer species of MNorthern California. These species include
ponderosa pine (PP), Douglas fir (DF), white fir (WF), red fir (RF),
sugar pine (3P) and incense cedar (IC).

Data from stem analysis and dendrometered trees were utilized to
characterize stem profile. A subset of the data was selected to develop
a flexible taper equation that accurately describes stem form. These
equations were then used as a basis for generating cubic foot and board
foot volume tables, In 2ll cases a ' foot stump height is assumed.

As a cauticnary note, it should be emphasized that the data used in
this report were collected prior to the formation of the current North-
ern California Forest Yield Cooperative. Thus the design and measure-
ment standards are difficult to assess. HNone-the-less this report con-
cludes an extensive investigation of taper relationships given the data
at hand. Additionally, the tables so presented need to be reviewed to
~eport accuracy over the many height and diameter c<¢lasses presented.
Because the bulk of the data lies approximately between '2 and 30 inches
in diameter and "5 to 125 feet in height, it is well to remember that
the models were used to fill in the tables (extrapolate) for those
values not in the data base (see Appendix A for distribution of trees by
size classes). Thus when using tree dimensions not commonly observed in
the data base an element of prudence is necessary in interpreting the
table values.

General taper equations may be integrated mathematically to produce
tree volume tables. However, this approach will net lead to volumes
identical to those predicted from iree volume prediction equations.
Krumland and Wensel('G78) compared these two approaches in their work
with redwood (Sequoia sempervirens} and found that the taper-based
volume and tree volume predictions were generally within '-=3 per cent of
each other when predicting cubic volume to a E-ineh top. For Douglas
fir (Psuedotsuga mensiesii) the two approaches led to volume differences
within 5 per cent of each other.

For this study there was more variability than reported by Krumland
and Wensel (1978). For example, excluding trees less than 20 inches
DBH, white fir volumes from the taper equation were within 5% of volume
equation values for 4 and 6 inch top cubic foot volumes and 6 inch top
board foot volumes. However, for 8 inch top board foot volumes these
estimates were within 10% of each other. Usually for taller trees
within 2 diameter class taper-based volume estimates were less than
volume equation values, However, for shorter trees, this relationship
was reversed. Even though this paper addresses solely taper-based
volume estimation--coefficients and fit statistics of volume equations
are presented in the following section entitled "Summary™.



II. Summary of Results

A, Taper Equations

The taper equations developed to describe stem form of young—growth
mixed conifers in northern California based upon the Tarif data was:

d = DBHIb, + b, 1o (1-A(n/H) /)] unere )z)-exp(-b, /b))

The coefficients and fit statistics are given in Table ' for the six
species considered.

Table 1, Fit Statistics and Coefficients for the Taper Model

i ) Species )
i } PP \ DF , RF : WF , SP- ic
i i i ) ) | ) i
o, 1 1.01528 1 1,00689 | 1,04533 , 1,04417 y 1,00923 , 1.00035 |
b, 1 0.31502 , 0.33971, 0.32970 ) 0.33885 , 0.32140 , 0.3931'!
i 1 \ 1 1 1 1 i
i i 863 897 ., 874 , 860 ; 897 ;  84% !
{ 1 i 1 ) ] 1 !
{8 1 0.966 | 0.978  0.95%2 ; 0.952 1 0.970  0.952 |
1S, 1 NAM38p r27T g 1700 53y 1653 ;1,909
i N : | y i | \ :
p (dnd : : ! : : |
R2 = Sguared multiple correlation coefficient

SY x Standard deviation of the residuals about the regression of ¥y

on X

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

B. Volume Egquations

An alternative to taper-based volume estimates is the development
of volume egquations for estimating whole tree volume., These models can
not be used to predict volume by section, but should provide slightly
better estimates of whole tree volume. The form of these models was:

In(V) = ¢+ ¢, 1n(DBH) + ¢, 1n(dH)
< 2

where 1n = natural logarithm

The tree volume coefficients and fit statistics are given in Table 2 for
the six species considered.



Table 2, Fit Statisties and Coefficients f2~ the Volume Equation

InfV) = ¢ + ¢, In(DBH)Y + ¢, 1n(H)
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I11. Data Sources

Data available for this study were from Y458 trees felled on tem-
porary plots and 1353 dendrmetered trees in the mixed conifer region of
California. This data set is known as the "Tarif" data and was col~
lected between 1975-77. See Figure 1 for location of study plots asso-
ciated with felled trees,

Figure 1, Location of study plots by township.

"

._' :

mill
fUREEA l.
[ |

i

r [ |
MER|DAN
g nré'sﬁw_— B

R N 5 3433 73FPENTOUd

4= 3

FORT BRAGG | |

LAKE TAHOE

SCUEGRE

LT LY

FLTwIN L] N LTY TLe



http:1975...77

Y

Felled ftree information was derived from temporary plots chosen
equally from five site classes (Dunning (1942) site IA, I, II, III, IV),
three stocking levels (poor < 40%; medium #0-70%; good > 70%), and three
size classes (7-19 inches DBH; 20-35 in. DBH and > 35 in, DBH). On
these sample plots U trees were selected for felling and cut into log
lengths (16,5 feet). Up to three of the trees selected at a plot could
be site trees with the fourth tree chosen restricted to the intermediate
or suppressed crown class. Stump height was recorded. At log lengths
the following were measured: diameter inside bark, double bark thick-
ness, '0-year radial growth and ring count. Prism counts at the tLree
and 15 feet in each cardinal direction were performed.

For the dendrometered trees only DBH, tetal height, species, cumu-
lative height and diameter inside bark were recorded. Because no prism
counts were made near dendrometered trees the data could not be strati-
fied by density classes. These trees served as a supplement to the
felled trees so as to broaden the geographical base from which the data
were drawn. The total number of trees in the sample by species and size
are listed in Tables 3 through 8 of Appendix A.

IV. Methods

A. Bark Factors. The 458 trees felled on temperary plots were used
to develop bark factors to convert diameter outside bark (DOB) to diame-
ter inside bark (dib) at breast height. Because DOB and dib were taken
at stump height and subsequent log lengths a conversion for DOB and dib
at breast height would enable additional data peoints to be estimated for
use in defining stem form. The bark factor of these UR8 trees was
developed incorporating the three nearest section cuts to breast height.
That is:

_ 2dib
1] 2D0B
where K. . is the bark factor for tree i and species Jj. And the summa-
tion is dver section cuts nearest to breast height.

B. Bark Regression Model. A bark regression medel was needed for
converting DOB to dib for the 1353 dendrometered ftrees. A regression
modgl was formulated to predict the bark factor as a function of DBH,
DBH , fotal height and total height squared. Dummy variables were
included for each species so that species differences could be taken
into account. A stepwise backward elimination preocedure was feollowed
at d = .10, The final model selected was:

=b ., + b DBH +«+ b_ H
ol 1

Kij 2

where boi is a constant term that varies for each species(i},

Fit statistics plus coefficients for the stepwise model as well as the
model for each species or species group are given below. Residual plots
did not indicate any deficiencies in the model with respect to the fac-
tors of diameter or total height. This model was used to generate diam-
eter inside bark estimates at breast height for the 1353 dendrometered
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trees described under Data Sources.

The model for each species or species group is given below.

| Species (b, i b, H b, | Fit Statisties.
— T T T H 4
{ (DF, SP, PP) | .8%375 i -.000895 i .000392 i R2=0.18 )
| ife L .83138 1 -,000895 1 ,000392 i 5, =003 E
\ WF . 87459 , —,000895 , .000392 | n = 417 ;
i RF { .87670 | -.000895 | 000392 ! 1

Without any real loss of information the mean values of the bark factors -
for each species c¢an be used to counvert DOB to dib at breast height.
These average values are:

| Species | Average Bark Factor |
r T T
f DF g 0.8727 }
i PP i 0.8693 i
g SP i 0.8736 d
VO wWF : 0.8918 ?
- 0.8933 '.
| 1w | 0.8408

V. Taper Model

An extensive analysis of the data led to the development of a taper
model derived from an S~shaped equation. The model so derived is given
as: .

d = b.DBH + b,.DBH 1n(1l - 7‘\(}'1/H)“3

1 5 } or

d = DBH[b, + b, 1n(1 - A/ 7331 where

2

d = predicted diameter inside bark (in.)

b, = regression ceoefficients

1 ~ exp (—b]/b )]

height above a 1 foot stump
total height (ft.)

natural logarithm of x

To illustrate the use of this medel let us compute diameter inside
bark at log lengths of a ponderosa pine tree of DBHz=20 and total height
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of 00 feet.

Let b, = 1,01528 and b, = ,31502, then A = l-exp(=~3.2229) :17%6016 and
d=dib 1is equal to 2&%‘.01528 +0,.31502 1n(1=.96016{(h/100) 1], The
results of predicting dib at log lengths are presented below.

i h 1 h/H | d |
: ' H 1
I 1,01 0,01 1 18,851
t17.5 1 0,175 1 15,451
iW,0 1 0,340 1 13,321
i 50,51 0,505 1 11,19
« 67.0 1 0,670 1 8,751
i 83.5 1 0.83 1 5.531
[ 100,0 | 1,000 | 0.00]

When evaluated at the base (i.e., for h=0) the predicted diameter is
b,DBH giving b, = (dib at base)/(DBH). Thus b, is the ratioc of dib at
the base of the tree to DBH. When evaluated at the tip (i.,e. h=H) the
predicted diameter is zero. Thus this model is c¢onstrained to pass
through the tip of the tree.

A. Selection of Data Points

Owing to datz storage limitations, regressions were limited to
n=900 data points consisting of (h,d) combinations. These peints were
randomly chesen from all (h,d) points for a particular species. Table 9
shows the proportion of the entire data set utilized. Because data
points were randomly chosen from the data set the target value of 900
data points was never exactly met. WNone the less the sample size ranges
from BU42 for incense cedar to 896 for Douglas fir and sugar pine.

A randem selection scheme for (h,d) pairs was chesen to allow for
essentially equal representation from all segments of the taper curve,
This contrasts with randomly choosing trees which would have resulted in
an increase in the number of points at the base relative to the upper
stem since some trees are taller than others and thus there are fewer
peints in upper regions.

To investigate the effect of choosing randomly from among (h,d)
pairs, two data sets for white fir were formed, each of size n=872,
That is, twe different randomly selected samples were drawn and model-
ling was done on each. Even though the parameter estimates for the

taper equations were slightly different, the volume tables derived f{rom
each were virtually identical being within 1-3% of each other in board
foot volumes to a 6-inch top.



Table 9. Summary of data used in model construction.

: i\ PP | DF ! RF | WF } SP | IC |
P H 1 { | H H i
| Total No. trees 408 1 262 1 297 i 480 1 197 1 154 |
| in data base i i i i ! ! ;
"Total No. (h,d) pairs | 2974 ' 1811 1 2197 4725 TTA377 1 1166 |
' in data base : : : : : : |
[ T I | I T T T
I ¥o. (h,d) pairs used 863 | g97 | 878 ! 860 | 897 1 gu3 )
, in model I : : : : : !
' No. trees from which T 3®G 2 T 283y ) Wig 1 167 R4
, (h,d) pairs are selected | l : : : : :
7% of (h,d) pairs used 29% 507 |  u4ng 1 18% |  bb% | 724!

B. Model Fit

The taper model was fit to each of the six species using nonlinear
least squares technigues. Coefficients and fit statistics are presented
in Table '0. Detailed snalysis of bias, standard error and mean abso-
lute deviation are presented in Tables 35 through 40 of part II. 1In
general the models fit quite well and compared favorably with more com-
plex taper models (see section II). The models displayed some slight
biases with respect to relative height, but not with respect to total
height or DBH classes.

Considering all equations Jjointly the range in bias relations are
as follows:

)

) Relative height | range in bias (in.)— Average across specles (in.)

I 1 1

1 1 1
T g H ~.08 to 0.66 i 0.7 i
) 4.5, 1H ) -.62 to 0.04 | -0.27 :
L 1H-.2H l ~.3% to —.7Y4 | -0.57 :
\ .2H-.4H i ~.16 to 0.39 l 0.05 )
' .4H—.6H : .04 to 0.43 | 0.76 :
! .B6H-.8H : —.33 to +.22 | -0.28 i
| .8H-1.H | -.44 to 0.80 | 0.58 |

These biases although significant are not substantial given the
usual level of accuracy in predicting 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,

1.7
- Negative values imply overestimates and positive values imply
underestimates,
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Table 10, Coefficients and fit stat¥y¥cs for the taper equation
d = DBH(b, + b, 1n (*=A{h/H)"" 7)1 where A=1+exp(fb1/b2)

2

O H Species :
! : PP DF RF ., WF S Ic |
r k i N | ) | (
b, 1 1.01528 , 1.00689 , 1.04533, 1.04417 , 1,00923 , 1.00035
bb, 1 0,31502, 0.3397', 0.32970 , 0.33885 , 0.32'40 , 0.39311:
T i 1 1 1 1 1 1
in, | 862 . 896 ; 873 . 859 896 ; B8u2 !
|I R : 0.966 v 0.978 1 0,952 1 0,952 1+ 0.970 1 0,952 !
Pso 11,438 1,271 1 1,700 ¢ 1,534 1,653 1 1.909 |
Ty x | | | | | : .
R2 = Squared muitiple correlation ccefficlent

Sy g = Standard deviation of the residuals about the regression of ¥

on X

VI. Scaling Routines

A. Cubie Volume.

Cubic volume can be determined without the use of scaling routines.
This is possible because the cubic volume can be determined using a cal-
culus technique know as generafting a solid of revolution. The general
form is:

b5 2 b 4.2
Ve fwR%n = fw(3%an
a E| -

By substituting d = b1DBH + b_DPBH 1o (1-x (h/H)1/3) for d and using =2
change of variables we can obgain an expression for volume that allows
for directly determining volume obviating the use of scaling routines
(see Appeundix B},

B. Board Foot Volume

For each DBH and height class in the table the taper equation was
used Lo evaluate the stem profile for a specified size class. That is,
by specifying DBH and H we can generate stem profile to predict scaling
diameters at log lengths. Board foot scale was performed using a 1.0
foot stump and a log length of 16.% feet which included a 0.5 foot trim

1/
allowance.— After predicting scaling diameters for log lengths, volumes
for individual logs were determined using the following eguation (Bruce
and Schumacher, 1G50):

Vo= .79d° - 2d - Y d = d.i.b. at small end of the log

dd

—~ These specifications were adopted at the QOctober 1980 meeting
of the Norther California Forest Yield Cooperative,




Top logs less than 16.5 feet were scaled as whole logs and then
reduced in volume by a factor of length/'6. If the top log was less
than 8.5 feet (including trim) the log was assigned a volume of zero.

For example, a 13.7 foot log is considered to have 13/%6 of the
volume of a whole log whereas a 3.4 foot log contains 12/'6 of the
whole log volume since it lacks the & inch trim requirement of a 13 foot
log. The Scribmer volume equation was used for scaling diameters of 8
inches and above. TFor scaling diameters of 6.0 and 7.0 inches the
Scribner volume table values of 20.0 and 30.0 board feet, respectively,
were used instead of the Scribner velume eguation values. This is
because the Scribner volume equation is not accurate for trees this
small,

"VI., Yolume Tables

Volume tables for each species are presented for the following:

Cubic foot volume te a UY-inch top (Tables 11-16)
Cubic foot volume to a &—-ineh top (Tables 17-22)
Board foot volume to a 6-inech top (Tables 23-28)
Board foot volume to a 8-~inch top (Tables 29-34)

L e e



Part II. Taper equations for mixed conifers,

I. Model Development

Initial plotting of height versus diameter curves for each species
revealed a significant variance in diameters at given heights. For this
reason transformations were considered to allow for an improved model
fit. Demaerschalk (1971, 1972, 1973) and others (e.g., Max and Burkhart
(1976)) have emg}oyed relative height and relative diameter as an effec~
tive transform.”™ . This study models relative diameter as a function of
relative height.

Objectives were to develop a simple meodel (i.e. with few parame-
ters) that could accurately describe stem form. Additionally this equa-
tion should be integrable so that cubic foot volumes could be obtained
directly, obviating the need for a cubic foot scaling routine.

I1. Choice of model forms

Starting with Behre (1927) much of the work in this field has cen-
tered around describing stem curves as polynomials of order twe or
greater. For example, Kozak et al (1968) used a second order polynomial
in relative height; Goulding and Murray ('976) used a fifth order poly-~
nomial. The principal weakness of this model type has been the inabil-
ity to characterize the lower portion of the tree with significant basal
swelling (Sterta, 1980). Bruce et al ('976) used polynomial models with
higher powers to represent the swelling that occurs below the basal
diameter (DBH).

Alternatively, polynomial regressions with two or more equations
can be spliced together to better track stem form. Demserschalk and
Kozak (1977) joined twe functions at the inflection point approximately
20 to 25% from ground level while maintaining continuity at the join
points. Although having a small bias at the base, the equaticons
predicted upper stem diameters well. In a similar fashion Max and Bur-
khart (1'976) used segmented polynomials with two and three submodels to
predict taper in loblelly pines.” This appreoach produced essentially
unbiased models and did not require specification of where join points
oceur,

A current consideration proposed by Demaerschalk (1971, 1972, '973)
and Munrs and Demaerschalk (7974} is that the integrand of the taper
equation should be indentical to the prediction from existing volume
equations. While it is a goal to have these two predictions as close to
one ancther as possible the sclution proposed by Demaerschalk unduly
restricts the form of the taper function. In essence it requires that

Relative height is height above ground/total height and rela-
tive diameter in diameter inside bark/DBH.
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the integrand of the taper function be equal to a constant, Indeed, the
form of equations considered to be compatible (simple function of rela-
tive height) is only a very small subset of models that are compatible.
This is because any integrable taper function (in relative height) can
be made compatible to currently existing volume equations.

Another area of taper research includes functions that inherently
have inflection points. Such attempts include use of cosine functions
(Alder, 1978) and Bitterlich's (1879) use of trigonometric functiens,
The work presented in this paper may be placed in this latter category.

ITI. Model Derivation

A. Graphic Derivation

Let y = A(t-exp(~cx))™ where y = 1-h/H and x = d/DBH. This is the
integral form of the Chapman-Richards function and can be considered as
a model of stem form (Krumland and Wensel (1978)). See Figure 2 for
initial set-up. By redefining vy = h/H one obtains the traditional stem
profile (see Figure 3a). Redefining the base as a - d/DBH forms a mir-
ror image (see Figure 3b).

Figure 2 Figure 3a
Chapman-Richards Function Stem Profile
19 _ _ o ___. 1.0
y=1- hiH y= hiv
o 0
x=d/DBH 2 x=d{DBH a
Figure 3b
Stam Profile
1.0
1
1
1
y=hfH :
1
1
E
1
1
1
1
}
0 L

47

x={a-d/DBH)
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B. Mathematical Derivation

Let y = A(1+exp(—cx))m where x = a—-d/DBH, y = h/H, d=dib,
and a={dib at stump)/DBH. Solving for x ylelds:

,

X = - =1l - (/&) ™) [1]
or equivalently

1 1
d = DBH[a + E‘ln(1 - y/4) /m)] [2]
1
Letting ' = = gives
1/m
d = DBH[a + ¢' 1n{l -~ (y/A) ] (3]

At the top of the tree, the relative height (h/H) should be equal
to one and the diameter (d) should be zero, Substituting these values
into equation [3] and solving for A we get:

A = (1-exp(=asc')) " [4]

C. General Model

Substituting expression[¥] inte equation[3] and letting b1 = a and

b2 = ¢' gives:

b, /b

2y (1]

1/m
d = DBH[b1+b2 In{'=(h/H) (1-e
This is the conditioned form of the taper equation that is constrained
to go through the tip of the tree.

Preliminary testing of this model with 16-20 inch DBH Ponderosa
pine resulted in Y/m = 349 (S.E. = .0&). When '/m was restricted to be
1/3 there was a subsequent drop in R of only 0.00'. With a larger
parameter version of model [I] Krumland and Wensel ('978) reported a '/m
value of .387 for coast redwood (Sequoia sempervirens). These results
coupled with the unitegrability of model [I] when m is not an integer
led to the fixing of 1/m at /3.

a 173

A

Inf'=~x(h/H)

DBH[b1+b 1] (11]

2
1eexp(—b1/b2)

IV, Analysis and Results

A, Comparison with Max and Burkhart's Model

Evaluation of equation [II] against Max and Burkharts (1976) seg-
mented polynomial (termed model (III]) was performed for each species on
the same data set used to estimate coefficients for model [II]. Cao,
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Burkhart and Max (1'980) evaluated several taper equations and found the
segmented polynemizl to out-perform the others tested when estimating
tree diameters at various points along the stem. Demaerschalk’s (1973)
compatible taper equatien ranked last of six tested. Max and Burkharts
medel (Medel ITT) is given as:

)
d2 = b1DBH2(h/H - o+ bgDBH'(h2/H2 -1 {II1]

)
+ b3DBH2(a1 - h/H>2z1 “ b DBHeta2 - w1

I
where Ii = 1. h/Hﬁgi; i=1,2

2

T,
i

0. h/H>a,
1
The following criteria were used to evaluate the models in terms of
diameters:
1) standard deviation (inches) 3d. -~ d.) /n=1
Fat
2) average bilas (inches) 7(di - d )/n
iy
?) Mean absclute deviastion (inches) Zldi - dif/n

A
where d. is predicted diameter at height h, and d, is the actual
measurement At this point. ' '

Results are presented in Tables 35 through 40,

Table 35. Statistical evaluation of Models [II] and [III].

Ponderosa Pine

Standard Dev.(in.) Bias {(in.)} Mean Abs. Dev. (in.)

i : g i
i Model H Model i Model )
i Relative height I TI1 PIT ITT « II 111 i
i 1,010, 57 108 1,00 .08 -0,28 1 0.78 n.74 f
? 4,51, i 0,73 0.66 i .0.28 0.78 | 0.37 0. 04 :
i =2 T .80 ) -0.53 0,07 ) 1,08 1.09 !
1 .2 b ) 1,32 1.30 i 0,19 0.14 1 1.0 0.99 :
- A -6 R TS 1.38 ' 0.35 0.15 1 1,00 0.95 :
; 6 -.8 I 1,56 152 1 0,25 -0.07 ! 1,20 112 :
E .8-1.0 179 .66 1 -0.mm 0181 1,35 1.9 ;
I I 1 1 1
i Total P 1.35 i -0.10 0.04 1 1.01 0.96 i
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Table 36. Statistical evaluation of model [II) and [ITI].

bouglas Fir

Standard Dev.{(in.) Bias (in.) Mean Abs. Dev. (in.)

| 1 1 1

i T Model 7 Model 7 Model

| Relative height { II 111 PoOIT IIT 1 II IIT
: LOT-AST T 1,07 1015 0,22 ) 0,69 0.76
! 4.51-1 b1.07 1.05 ' -0,23  <0.18 ' 0,70 0,71
! -2 bor.a9 .16 P-0.34 0511 0.84 0.88
! 2 -.b b 1,35 1,39 t0.07 +0.20 1 0.96 0.95
! A6 Lor.27 1,26 to0.22 0.17 1 0.94 0.92
! .6 -.8 P11 117 ' 40,10 0,05 ' 0.89 0.88
E .8-1.0 P 1.22 .38 10013 -0.52 1 0.97 1.10
1 1 | |

i Total 11,19 1,20 I 0.01  -D.16 1 0.8 0.87

Table 37, Statistical evaluation of model [IT) and [TII1,

Red Fir

Standard Dev.({in.) Bias (in.) Mean Abs., Devw. (in.)

-—

g : Model ! Model ! Model !
! Relative height | IT 111 I ¢ 111 | IT I1I |
N T 2.5 1.89 T 0,66  0.22 1 1.53 1.27 :
’ 4501 bo1.29 1,04 | ~0.62  0.09 | 0.79 0,80 :
5 L2 |o.64 1,50 I 0,74 -0.89 ) 1.25 1,15 I
1 .2 1,40 U1 ' _0.16 -0.25 | 1.09 1,10 I
’ 4 -5 Lo1,36 1.35 L 0,25 -0.031 1.0 1,09 I
f .6 ~.8 Y 1.53 | 40,22 -0.22 1 1.4 1,19 l
: .8<1.0 1,80 .78 1 0,49 0,321 1.32 1.35 I
. ! | | :
1 Total bo1.66 t.52 | 0,08 0,191 1.7 1,14 |




Table 38. Coefficients and fit statistics for medel [IT] and [III].

White Fir

Standard Error {(in.)

Bias (in.)

Mean &bs. Dev. {in.)

i
]
+
1
1
1

| ) i |
F 7 Model Model ] Model '
| Relative height | 1T III 1T III i 11 111 i
: T.OTUET Y 118 TENTTTT 0 092 0.73 !
NN i 0.82 0.76 P -0.29  0.20 1 0.46 0.58 :
! -2 bo1u6 1.43 L 0,66 -0.60 | 1.16 1.1y :
; .2 -4 b o1us 1,41 I -0.39  0.03 1 1.2 1,06 !
; RIS b o135 1,32 { -0,28 <0.77 1 1.09 1,06 :
: 6 -.8 o167 1,64 i <006 =005 1 1,25 1,23 :
! 81,0 o192 1.84 b -0.23  0.131 17 1.35 :
1 ! | ) !
i Total Po1.50 1,43 | -0.02 -0.06 ] 1.10 1.05 |

Table 39. Coefficients and fit statistics for model [II] and [III].

Sugar Pine

Standard Error (in.) Bias (in.) Mean Abs. Dev. (in.)}

i H i H 0
! : Model : Model ! Model :
| Relative height | II 111 b1 IIT | II 111 |
[ I N TR 1035 1,12 10,02 -0.11 1 0,96 0.79 i
i 4.51-.1 i 0.88 0.80 I -0.26  0.26 1 0.51 0.66 :
; -2 P72 1.69 » =0.66 0,55 1 1.32 V.30 i
! 2 .4 1,48 1,48 0,03 =0.05 ) 1 19 1,11

j 46 i 1,76 1,78 (0,43 0,871 1.29 1.30 i
! .6 ~-.8 )17 1,73 I =0.33 0. i 1,34 1,32 :
| 8-1.0 1,95 1.82 b 0.1 0,05 1 1,55 145 :
i } g | i
i Total L1162 1.57 | -0.09 0,01 § 1.20 1,17 K
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Table U40. Coefficients and fit statistics for model (II] and [III].

Incense Cedar

\ \ Standard Error {(in.) | Bias {in.) | Mean Abs. Dev. {in.} |
P i Model i Model I Model i
| Relative height i II III S & 1 IIT 1 11 111 i
C  3.0'-4.5! I 1.66 1.67 i 0.18 -0.19 ' 0.94 1.05 f
i B.5'-.1 0,95 1.00 I 0.08  0.23 0 0.71 0.84 =
i -2 ' 2,29 2.60 I ~0.50 -1.08 | 1.7 1.99 E
- 2 .4 b 1.7 1.79 } —0.15  -0.50 i 1.32 1.40 i
l TR 1,82 1.89 I 0.04  -—0.10 | 1.40 1,47 i
| 6 .8 i 1.98 1.94 i 0,15 -0.02 1 1.52 1.6 i
: .8-1.0 2,15 2.09 i0.80  0.33 1 1.64 1.59 :
1 1 | 1 I
| Total { 1.84 1.89 { 0.12 -0.131 1.34 1.39 i

It is evident that both standard errors and mean absolute devia-
tions are virtually identical for the two models on every region of the
tree from the base to the tip with Max and Burkharts model being very
slightly lower. There are some differences in biases and direction of
bias. DBetween a 1 foot stump and breast height model (II} generally
underpredicts whereas model (III) overpredicts. Between breast height
and 27710 of total height model (II) almest always slightly over
predicts, However between 4.5 feet and 1/10 of height model (III)
underpredicts and then overpredicts between 1/10 and 2/10 of total
height. Between 2/10 and 4/10 of total height Model (II) tends to

underpredict with model (III) tending to overpredict. Between 4/10 and
6/10 of total height both models tend to underpredict. In the range of
6/10 and 8/10 of total height both models have a slight tendency to
overpredict. In the uppermost region (.8H-1.0H) there is no tendency in
the biases. These relationships can be summarized in the following
table,

Relative Model (II) av. bias Model (III) Burkhart-av. bias
Height across all species across all species
1'- 4,57 .162 range (-.08 to .66) -.188 range {-.11 to -.28)
4.5'- [ 1H —.273 range (-.62 te ,04) .130 range {-.18 to .26)
0.1MH- .2H -.572 range (-.74 to -.34) -.543 range (-1.04 to -.07)
0.2dH- .48 .050 range (-.160 to .,39) -.138 range (-.50 to 1)
0.4H- _.6H .262 range (.04 to .U43) .082 range (-.17 to  .47)
0.6H- .8H -.028 range (-.33 to +.22) -.075 range (-.22 to .05)
0.8H-1.0H .058 range (-.44 to .80) -.015 range (-.52 to .39)

V. Coneclusions

In a study by Cao,Burkhart and Max (1980) six taper equations were
evaluated with a segmented polynomial {(denoted Model III) judged supe-
rior in predicting upper stem diameters., The model derived from a
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sigmoid equation (Model II) was tested on six conifer species of north-
ern California and compared with Model TI1. A4s judged by standard devi-
ation and mean absolute deviation the fwo models compared closely for
all species c¢onsidered. There were some gdifferences in direction of
bias, but the degree of bias was similar for both models although the
levels varied considerably by relative height and species. In light of
the similarity in performance of these two models, model (I1) is deemed
preferable since it necessitates estimating only 2 parameters whereas

model (I1I) is a 5 parameter model.
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APPENDIX A.
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32
29
26
17
2
7
5
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1
1
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Total Height

70

Pistribution of Sample Trees by Size Class.

Number of Trees by Size Class
50
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Numbers of Sample Trees by Size Classes.
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Distribution of Sample Trees by Size Class.

Table 4.

Douglas Fir

Number of Trees by Size Class

DBH

Total Height

190

170

750

130

119 )

90

7

50

30

10

—

- -

-

5

22

L

b

26.

- -

——

32.

40,
bz,

+
1

ERMEEEI

T
1

1

[ Total
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Distribution of Sample Trees by 3ize Class,

Table 5.

o]
Total |}

Red Fir

Number of Trees by Size Class
Total Height

130 150 170

90 110

30 50 70

10

T

- - -

L |||T|

33

]

22.

28.
30,

18

5%,

48,

289

1
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Distribution of Sample Trees by Size Class.

Table 5,

Row
Total

White Fir

Total Height

Number of Trees by Size Class
70

—_———

130 | 150

110

90

50

30

10

<6

57

41

20

14

21

38.

2
i,
T3

466

5
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Distribution of Sample Trees by Size Class.

Table 7.

Sugar Pine

Number of Trees by Size Class
Total Height

110

99

<8

10

30.
32.

U6,

21 7| 24| 8| =/ 28 | 24| 2| 17

1

) Total |
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Incense Cedar
Total Height

Distribution of Sample Trees by Size Class.
Number of Trees by Size Class

Table 8.

130

v 110

S0

12
17
155

12|

3] 29 ] 3] 49 23]

2 |

it

! Total |



APPENDIX B,

The integral form of equation (II) for use in direclevaluation of
cubic foot contents to any height.

Let D = DBH
H = Total height
hu = height to top point in the upper stem.
b, = height to some base point (not necessarily the stump)
h = height to some point in the stem between h and hb.
N o=1- exp(—b1/b2)
ki
a =1 <Mnm'/3
K, = .00545 boDBH®
2
K2 = 00545 2b1b2DBH
2. .2
K? = .0Q545 b2DBH
a = hb
b = h
u
I - -
a = a/H = hb/H
' = Db/H = h /H
v
a' = 1 - K(a‘)1/3
b" = 1 - K(b‘)”3
_ 1/3
d = DBH[bl + b2 In{1 - X(h/H) Y]
Then volume is given as:
® 2
V.= J .00545 d"(h)dh = K HIb' - a']
a
2 3 3
3 - 2 a,8 a0
+ K2H£ K3] [q 1n(g) - g -g ln{g) + 5t 3 1n (g) 3 ] a
3, a1l 2,2 2 2 3
% KQH[ - —§J [9___§_jl_ - qln {q) + q 1n (q) - aq In(g)

K

2
+ ¢%1In(a) - 2q 1n(q) + —%3 - % 2g) ;’



TABLE NUMBERS

11-16
17-22
23-28
29-34

Page

32

APPENDIX €. VOLUME TABLES

TITLE

Cubic Foot Volume
Cubic Foot Volume
Board Foot Volume

Board Foot Volume

to

to

o

o

L-inch Top
&-inch Top
6-inch Top

8-inch Top

PAGE

33-38
39-44
45-50
51-56



DBH
{inches) %0 40 50

Gross cubic~foot

Northern

TABLE 11

volume table to a 1 ft.

California Forest Yield
ponderosa pine

total height (feet)

stump

-- 4 inch top

Cooperative

8 2 3 4
10 4 6 8
12 7 9 12
14 9 13 7
16 12 19 22
18 16 22 28
20 20 27 35
22 24 %% 42
24 59 40 50
256 34 47 59
28 40 54 69

O 46 62 79
%2 52 i 90
34 53 80 102
36 66 90 114
38 74 100 127
40 82 111 141
42 90 12% 156
4 99 135 171
4 108 147 187
48 118 161 20%
50 128 174 221
L2 138 188 239
54 149 203 258
56 160 219 277
53 172 23% 297
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220
17

210
16

200
15

190
14

180
13

13

-- 4 inch top
170

130 140 150 160
10 12

cedar

TABLE 12
120

incense
110

Gross cubic-foot volume table to a 1 ft. stump
Northern (California Forest Yield Cooperative
total height {feet)
40 50 60 70 80 90 100

DBH

(inches) 30

U Ohe—
o O OO

[oal atehlTotal]
—— Y Ny

O — -
— ] Oy

[Nalenlsalalefl
—-—y

W= = I~

———

B = YRS

——

DN =D W0

A g —

294
335
378
424
473

280
219
361
405
451

267
204
243
385
429

253
283
326
365
407

308

199 213 226 240
227 242 257 273

238 256 273 291

172 185

211
209 228 248 267 287 307 326 346
320 342 364 385

196
221

180

158

5

5
233 255 276 298

186 204

1
1

781 812
845 88

912 956
981 1028
1052 1103

933

144
804
868
1001

706
764
823
838 886
950

6%0 668
682 72%
735 179

iy

1071 1126 1180

1017

636 690 745 799 854 908 962

255 310 364 418 473 527 581

147 201

60
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-- 4 inch top
160 170
16 17

15

stump
150
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14

TABLE 13
white fir
110 120 130

12 13

Gross cubic-fooft volume table to a 1 ft.
Northern Californis Forest Yield (Ccoperative
total height (feet)
40 90 60 O 80 90 100

DBH

(inches) 30
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220
20

210
19

200
18

17

190

180
16

170
15

~~ 4 inch top
160
14

stump
140 150
i1 12 13

fir
130

TABLE 14
Northern (California Forest Yield Cooperative
Douglas
total height (fect}
%0 {00 110 120
10

Grogg cubic-foot volume table ta a 1 ft.
40 50 60 70 80

DBH
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Feeewt (D QOO DO OO0 Qe
NG Gy DN SO OND = Dy
— == 0O RN e -0 OO~
MNOVDORr —e—rO0 Ot e— OO~ — -0
N D e =0~ O~ O— NN Twomn—O
— =0 ey o0 -0 MO - —

Ot — Ky Q=0 O D= = IO TV
OO OO NN~ DN =0 N %?7)08
e e OO NS T EDUMDNO [ VOO
OO0 —0wIng DN OO Al IO
CIHINM-TY = =0 e IO DS O NG LNy
—_—— OO NN WO [ -0

WO R vy Oy Qoo 0o
CINNOE=TY = OO O — OO UNOWL = 0 OD
——————0d NS SFIOWOND o

W= W0 O~ OO ORI O~ OO
MWD OO — =t 0T OO OO SO
————— 0 OO RN R leWD WO -0

M= OO OO WS QU MO D o e
N0 ON=T AN TNY OO oL
11111 OIOOUNNY e nny WO -~

— OO MOUNGT N IO PO O O M0 O -
QU o= N0 = O [ OO OIS
e QOO MR Ry UOWOAS -

QOO OWN—— WO NI OO e e 000
O~ DO N OO — EONO O SO
_————— = COINY NNEN R UY WNeD

QAWO T Q=D =0 N~ NENOW T -0
—OOWS D=y DO o O NINOWOWD D O M-
——— = QU] MO IOWOUDADAD

PO O QW= OIS W0 — @O
—OOYS OO O =0 IO WO Gl
——— e OO NN s LD

OO Y WO OND O a0 ety O
—0 ey WD CI= M= st WOOTNET — INME D
—— e OO NN st s LD

MOEOE-0 N NN DO N O
—CON T =D T W T O N
—— e O QOO NN B e O

DY N OO OO = Ot e OO
—— R WO 00 — DD a0 oD —
—_— er——— QUDIOY DB WO < =

OWONCY~ WDWOIDO  KNMONMTWO IO SN0 O
—— OO WO O DO oo m
————— = OISO G RN

OO s OO0 NOMI-0 -NOOD OO —
— 0 WO DO~ MO N e OO
———— OO OO

MO0 OO =™ MO DO O R
—— OO OGO — O INE=0 O N
A —————— (oY EaN i n EntlaN]

—————— —

e —

1221 1283 1545

1159

973 1035 1097

292 354 416 478 540 602 663 725 787 849 9N

169 23

60



220
2%

210
22

200
21

190

20

stump -- 4 inch top
red fir
110 120 130 140 150 160 170 180
12 1315 16 17 18 19

11

TABLE 15
total height {feet)

Q0
10

Northern Californis Forest Yield Cooperative
30

Gross cubic-foot volume table to a 1 ft.
70 80

60

50

40

DBH

(inches) 30

254 274
287 309

296 322 347
330 359 387

185 2086 223 241
234

170
194 214

7 219 242 264
246 271

6 274 302

ON=C O =+

——————

—— e —

=00 O 8y

335 366 39
443 48

“335 369 404 43

368 405
402 443 484 52

272 304

210 241
g1 232 266 300

16 254 292 7330

37 278 319 361
58 303 348 303 438 483 528 ' 57

79
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—— e ——

——— — ——

——— ——

1387 1458 1528
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684 754 825 885 965 1036 1106 1176 1247

195 263 333 403 473 544 614

60



220
21

210
20

200
19

160
18

180
16 17

170

~~ 4 inch top
15

160

stump
150
14

120 130 140
it 13

sugar pine

110
10

TABLE 16
total height (feet)

Gross cubic-foot volume table to a 1 ft.
Northern California Forest Yield Cooperative
40 50 60 70 80 93 100

DBH
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220
10

210
10

stump -- 6 inch top
ponderosa pine
120 130 140 150 160 170 180 190 200

total height (feet)
110

TABLE 17
Gross cubic-foot volume table to a 1 Tf.
Northern California Forest Yield Cooperative
40 50 60 70 80 90 100

DBH

inches) 30
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TABLE 18

Gross cubic-foot volume table to a 1 ft. stump -- & inch top

Northern (California Forest Yield Cooperative
incense cedar

total height (feet)

DBH

{inches) 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220
8 0 0 1 1 1 2 2 2 3 3 3 4 4 4 5 5 5 6 6 6
10 2 3 4 5 6 7 8 9 10 11 12 t3 14 15 16 17 18 19 20
12 4 6 8 9 11 12 15 17 18 20 22 24 2% 27 26 A 32 34 36 38
T4 7 9 12 14 17 20 22 25 28 30 33 3% 38 41 43 46 49 51 54 57
16 g9 13 16 20 24 271 3 34 38 42 45 49 52 56 60 63 67 70 7 78
18 12 721 26 31 %5 40 45 49 54 59 63 68 73 11 82 87 91 S 101
20 15 21 27 3% 39 44 50 % 62 68 74 80 85 9§ 97 103 109 115 121 126
22 19 26 33 40 47 54 62 69 76 83 S0 97 104 112 119 126 133 140 147 154
24 23 3 40 48 57 65 74 82 9 99 108 117 125 134 142 151 159 168 177 185
26 27 31 47 57 6T 77 87 97 107 17 127 138 148 158 168 178 188 193 208 218
28 31 43 955 66 78 90 101 113 125 137 148 160 172 184 195 207 219 2%0 242 254
30 36 4 63 76 93 103 117 130 144 157 171 184 198 21t 225 2%8 252 265 27 292
32 41 5 72 87 102 118 133 149 164 179 195 210 225 241 256 272 287 302 31 3%%
34 47 64 81 99 116 13% 151 168 185 203 220 237 255 272 290 307 324 342 359 377
36 52 72 1111 130 150 169 189 208 228 247 267 286 306 325 345 364 384 403 423
38 58 80 102 123 145 167 189 210 232 254 276 297 319 %41 363 %84 406 428 450 4T
40 65 89 113 137 161 185 209 233 257 281 306 3%0 354 378 402 426 450 474 499 523
42 72 98 125 151 178 204 231 257 284 310 337 7564 390 417 443 470 497 523 550 577
4 79 108 137 166 195 224 253 28% 312 341 370 399 429 458 487 516 545 575 604 6373
4 86 118 150 181 21% 245 277 309 341 373 405 437 469 501 532 564 596 628 660 692
48 94 128 163 198 232 267 302 337 371 406 441 476 510 545 580 615 650 684 719 754
50 102 139 177 215 2%2 290 328 365 403 441 479 516 554 592 630 667 705 743 181 818
52 130 151 19y 232 273 314 354 395 436 477 518 559 9599 640 681 722 763 804 844 889
54 119 163 206 250 294 7338 382 426 470 514 558 602 647 691 735 779 82 867 911 955
56 128 175 222 269 317 364 411 459 506 553 601 648 695 743 790 838 885 932 980 1027
58 137 188 238 289 340 391 441 492 543 594 644 695 746 T97 848 899 949 1000 1051 1102
60 147 20t 255 309 364 418 472 527 581 635 690 744 799 8% 807 962 1016 1071 1125 1179

O °bey



TABLE 19

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

Northern California Forest Yield Cooperative
white fir

total height (feet)

DBH

(inches) 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 19¢ 200 210 220
3 1 1 2 3 3 4 ¢ 5 5 6 3) 7 8 8 9 9 10 10 11 12
10 3 5 6 8 9 10 12 1% 15 16 8 19 A 22 23 25 26 28 29 31
12 6 8 11 13 16 18 20 23 25 28 30 . 32 35 37 40 42 4 47 49 52
14 9 12 16 12 23 26 30 33 37 A0 44 47 91 54 58 6l 4 68 i 79
16 12 17 22 2 31 36 40 45 50 54 52 64 68 73 8 82 a1 92 96 101
18 16 22 28 34 40 46 52 58 64 710 7 82 88 94 100 106 112 118 124 130
20 20 27 35 42 50 57 6% 72 8 87 95 102 110 117 125 132 140 147 154 162
22 24 33 43 52 61 70 79 88 97 106 1t5 124 134 143 192 161 170 179 188 197
24 29 40 M 62 73 84 94 105 116 127 138 149 160 3170 181 1092 203 214 229 2%6
26 35 47 60 73 86 98 111 124 137 149 162 175 188 201 213 226 239 252 265 277
28 40 55 e 85 99 114 129 144 159 174 189 203 218 233 248 2673 278 293 308 322
30 46 63 80 97 114 132 129 166 18% 200 217 234 251 268 285 302 319 336 354 371
32 5% 12 92 111 130 150 169 189 208 228 247 207 286 305 325 344 364 383 403 422
34 60 82 104 125 147 169 191 213 235 257 279 301 323 345 367 389 411 433 455 477
36 67 92 116 141 165 190 215 239 264 289 313 338 363 387 412 436 461 486 510 535
38 75 102 130 157 184 212 239 267 294 322 349 377 404 432 459 487 514 542 569 597
40 85 113 144 174 204 235 265 29 326 357 387 418 448 478 509 539 570 600 631 661
42 92 125 158 192 22 259 293 326 360 393 427 461 494 528 561 595 629 662 696 729
44 101 137 174 211 248 284 321 358 395 432 469 506 542 579 616 653 690 727 164 801
46 110 150 190 2%t 271 311 351 362 432 472 512 553 5083 633 674 T14 754 795 835 875
48 120 164 207 251 295 339 383 426 470 514 558 602 646 690 734 I8 B2Z2 865 909 953
50 130 177 225 273 320 368 415 463 510 558 606 653 701 749 796 844 892 939 987 1035
52 141 182 243 295 346 398 449 501 552 604 655 707 758 810 861 913 964 1016 1068 1119
5 152 207 263 %18 374 429 485 540 596 651 707 762 818 873 929 985 1040 1096 1151 1207
5 163 223 282 342 402 461 521 58t 641 700 760 820 880 939 999 1059 1119 1179 1238 1298
58 175 239 303 367 431 495 559 623 687 7%) 816 880 944 1008 1072 1136 1200 1264 1329 1393
60 188 256 324 393 461 530 598 667 736 804 873 941 1010 1079 1147 1216 1285 1353 1422 1491

1y obed



-- 6 inch top
fir
130 140 150 160 170 180 190 200 210 220

TABLE 20
120

Dougl es
110

Gross cubic-feoot volume table to a 1 ft. stump
Northern California Forest Yield Cooperative
total height (feet)
40 50 60 70 80 90 100

DBH

{ inches) 30

MONUOND st

CN=ro @

— e —

275
311

38 260 282 304 327 349

226 241
65 290 315 339 364 389

2%

165 211

180
87 205 223% 240 258

12 232 252 271

69

— D00

—_—— = —

1198 1220 1282 13544

955

607 644

737 788 8%8 888
909 967 1025

973 1035 1097

589 632 679 718 761
684 730 777 823

637

687
685 739 793 847 90%

591
637

587

578 631
663 725 787 849 91

460 50% 546
498 544

537
2 620 677 135 793 851

7
i
7
4

184 212
17% 203 233
190 223 2554

208 244 280
354 416 478 539 601

157
87 226 266 305

57
71
;

169 2%0 292

60



220
12

210
12

"

200

190
10

180
10

-- 6 inch top
170

160
354
397

stump
150

140
286 309 3317
346 372

130
321

red fir
120
262
29
245 274 302 330 358 386 414 44%

TABLE 21
187 205 222 240 257 275 29

194 2135 233 25% 273 293 313

total height (feet}
110

100

170
196 219 241
220 245 271

90
152
174

Gross cubic-foot volume table to a 1 ft.
Northern California Forest Yield Coocperative
406 50 &0 70 80

DBH

(inches) 30

584 615 647 678
644 679 713 748
707 745 183 821
713 815 856 897
B42 887 g2 917

953
610

4 632 669
732

522
575

07 1152 T97

670 719 767 8

49 69
2 925 Ti7 83C 8

S
4
9

ralaVieotw ful
A== D —
= T IO

b= ) e L
[=alptsalaVlad
POV = LY

0
2

6 278 319 36

258 302 347 39

216 254 292 329
280 328 377

79
197 231
2%

————— —

———— ——

902 963
770 836 902 967 1033

838 895
403 I473 543 614 684 754 824 895 965 1035 1106 1176 1246

25 781

21
7

6
6
7
718 179 841

197 250 302 355 408
412 473

182 231

A — ———

1387 1457 1528

13517

265 333

193

60



TABLE 22

Grass cubic-~foot volume table to a 1 ff. stump =~-- 6 inch top

Northern California Forest Yield Cooperative
sugar pine

total height (feet)

DBH

(iaches) 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 19¢ 200 210 220
8 1 1 2 2 2 3 3 4 4 5 5 ) 6 7 T 8 8 9 10
10 3 4 6 7 8 10 11 12 13 15 16 17 19 20 21 23 24 25 27 28
12 6 8 10 12 15 17 19 21 2% 26 28 30 32 35 37 39 41 44 46 48
14 8 12 15 ig 21 25 28 3 34 38 41 44 8 54 57 61 64 67 70
16 12 16 20 25 29 34 38 42 47 S 56 60 4 69 73 (8 82 86 N
18 15 21 26 32 38 43 45 55 60 66 72 T 83 89 94 100 106 111 117 123
20 1 26 p 40 47 61 68 715 82 30 7 1Q 111 148 125 132 139 146 153
22 2% 32 28 49 57 gg 7% é3 92 101 109 118 12 135 144 152 121 170 178 187
24 28 38 48 59 69 79 89 100 110 120 131 141 151 161 172 182 192 203 213 223
26 33 45 57 69 81 9% 105 117 130 142 154 166 178 190 202 214 226 239 251 263%
28 38 52 66 80 94 108 122 137 151 165 179 193 207 221 235 249 263 271 291 305
30 44 60 76 92 108 125 141 157 173 189 206 222 238 254 270 286 303 319 335 351
32 50 68 87 105 124 142 160 179 197 2% 234 253 271 289 308 %26 345 %63 382 400
3 57 77 98 119 140 161 181 202 223 244 2565 285 306 327 7348 369 390 410 4% 452
3 64 87 110 133 157 180 204 227 250 274 297 320 344 367 390 414 437 460 484 507
38 Al 91 123 149 175 200 227 253 279 305 331 357 383 403 435 461 487 513 539 565
40 79 107 136 165 194 223 252 280 309 338 367 396 425 454 482 511 540 569 598 627
42 87 119 150 182 214 246 277 309 241 373 405 437 468 9500 532 564 586 628 660 69
44 95 130 165 200 239 270 305 340 375 409 444 479 514 949 584 619 654 689 724 759
46 104 142 180 219 257 295 333 371 409 448 486 524 562 600 639 677 715 753 792 830
48 114 155 197 238 280 321 363 404 446 488 529 571 612 654 696 737 779 820 862 904
50 123 168 213 258 304 7349 394 439 484 529 574 619 665 710 755 800 345 890 936 981
52 134 182 231 280 328 377 426 475 %524 572 621 670 719 768 817 366 914 96% 1012 1061
54 144 197 249 302 7354 407 459 512 565 617 670 723 775 828 881 34 936 10%9 1092 1144
56 155 211 268 324 381 438 494 551 607 664 721 777 8%4 891 947 1004 1061 1117 1174 1239
58 166 227 287 348 409 469 530 591 652 712 773 8% 895 9% 1016 1077 1138 1199 1260 1320
60 178 243 308 375 438 502 567 633 698 763 828 893 958 1023 1088 1153 1218 1283 1348 1413
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220
63

210
61

200
50

190
50

180
50

50

-- 6 inch top
170

160
48

stump
150
46

140
5%

130
31

20

TABLE 23
120

ponderosa pine
20

total height {feet)
10

100
20

20

Northern California Forest Yield Cooperative
90

80
18

70

Gross board-foot volume table to a 1 ft.
16

60
12

40 50
10

DBH

{inches) 30

== NN OO~ OO -
—— 00 QIO s DLW OAD

OO Ky WY OO DN+~ O
MMAO M NO— OO OO —
oS- et 0 OO D =
——— 0 OO MY s (WD

OO GO TN LSOO WD =0y
SFUNMOONTG QOO —INOCTD N0
—OINIWG DO O NN — OO
———— OO OY Ny = =F UG

— OOy DO—y o - S G
SUNDLEY M-t O SO ND AOND MOV
— NSO OO OO D0
————— OIS e SR

NG IO O — O DU
NG — -G OODND WO
—OOEG O D OO OO
—_——— OO MNEr e LD

D e b=ty O e —m e =00 SWN0 =D
OO OO SN0 N O~
=0y [T D=0 e O
—_——— OO MOV S

NN~ WOODOW U<~ QOO0

— NN OO e =W Oa— O
— QU OO OO0 =IO
———-— e OOV NN T

—NO Oy OO~ PN D —
=[O0 MO0 WO Lo O NN
—_—0Eer WD NN DO S O O
—_—— == OO NI

= 0N N O Og0no - QMo
OONMTWD DT O U PONODU D O
0N NI NN s DNt O WO O
—_— e NN NN

Ol Ot e T = IO e OO0 0
W = M= U s - O 00D
—ONT N0 O NN OO - COras
— = OO OO MY

DO OO N IND T QO -~
=00 QOTor —~OQ—2 OGO
— N SO 00 NODC IO
—_ m———0d (AU CUEEY

DAY OVOMO W QWO QOO
OO, MO ~O . OO ity o Qe
—_—0 N DO N0 ONOO
————— CUCU OO N

TN —=QNO OO i NI
WOWND TOWO I et OO OE
——0E RO =0 Qv DO N WD
—_——— = OO

WONQ— e NN WO —O0O
S0 OO Y D OGSO DDA e st
O WO OO N IO
——— e ——— YO

CUN-O O O NI OG- QE-oun
NN CRO NN NSO — WO OO D
— 0 DNeWG O NN w030 O

DMV~ O~ OO — T — 00NN
D e OO0 OWO O Oy
ekt A 1A AT AN L ATV R S alve L =aTe]
OO0 VD PO D ) D
QNVOD ONIND — 00— QN
——— Yy CYOY POV = b inligiNelle]

MO QDU D = %9373
S R AR S N UaN ot o PERR YN T Yo o Py S YAt o — Doy
—— e BIOO OO

ONTOVD CNTCW ONFOD ONFOD
11111 CUOOE OO SOWSNIONNSY b <f o =

6986 7360

6607
5 6368 6780 7175 7584 7931

9
2457 6893 7337 7766 8208 8649
9139 9677 10232 10776

5503 5864 6244

1 7507 8004 8517 9017 95%6 10042

96 6977 7438 7917 8380 8859 09332
872 1116 1639 2153 2662 3215 3725 4280 4804 ©349 588% 6420 €974 7503 8057 895N

2
7
2
9
g

2784 32

60



volume table to s 1 ft. stump

TABLE

24

-- 6 inch top

California Forest Yield (ooperative

‘ncense cedar

total
100 110

height (feet)

o e o e e e e A T o e M et e T o M . AR W AR e bR T rk e e i e o e o e o e e

Gross

DBH
(inches) 30 40 50 60 70
8 0 0 0 0 0
10 10 1% 18 20 30
12 15 20 30 38 48
14 18 30 45 59 74
16 30 35 64 85 104
18 26 59 8% 10% 141
20 35 76 111 145 180
22 45 94 129 182 230
2 57 113 159 222 275
2 69 134 192 266 325
28 82 157 228 313 386
30 97 181 267 362 451
32 113 207 §19 417 531
34 130 234 Hb4  48% &07
%6 158 273 41% 544 687
28 177 305 464 604 773
40 198 331 517 676 864
42 219 369 575 751 058
44 242 409 635 831 1058
45 267 451 698 915 1164
48 291 495 763 1003 127%
50 317 540 8%3 1094 1387
52 544 588 904 1190 1507
54 373 638 979 1289 1631
56 302 690 1056 1393 1760
58 432  T44 1136 1500 1894
60 464 7799 1219 1612 2032

board-foot
Northern
80 g0
11 12
40 473
52 T4
88 102
125 146
170 198
208 256
274 317
336 394
402 463
475 548
552 650
634 750
T32 BT
825 970
921 1091
1030 1219
1145 135%
1266 1494
1%9% 1642
1526 1797
1664 1958
1809 2126
1960 2%02
2116 2484
2279 2673
2447 2870
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220
67

210
65

200
62

60

190

50

180

50

-~ 6 inch top
170

160
50

48

stump
140 150
46
6 27
5 326 347 386
3 427 474 507

TABLE 25
white fir
120 130
30
22% 29

20

total height (feet)
10

100
20

20

Northern California Forest Yield Cooperative
90

80
20

70

Gross board-foot volume table to a 1 ft.
17

6o
13

DBR _
inches) %0 40 50
11

LN

WD — WO

3

45 634 12

425
5
637 747 84

5 145 200 241 299 346 39
9 182 248 302 371
300 379 450 530
65 454
6 535

4 233

1

278 3
0 328 42

0
2
5
9
2

o —0

2515
2896
3302
3733
4199

66 2309 2456 2602 274g
46
7 3767 3982

1875 2005 2138 2260 2391
5 2300 2465 2633 2796 2967 312

3 1751

6 2017 2%

11 2602 2781 2978 3153 3356 35
01 2921 3124 3345 354

2
6
3

WO G — =t

83 14

12 1851
87 2053 230
972 22677 254

6
7
2164 2490 279

2376 2724 305

81 1845 2%15 2586

09 2002 2

1
1
1

Q6 2806
15 3031

742 2167 2

4
5

1
2025 2514 3036 3520
669 1117 1653 2174 2697 3258 3779 4345 4879 5437 5982 6534 7097 7638 8203 8749 9311

1881 2337 2821 327

"
1
1

——— ———

98360 10419 10082

60



Gross board-foot volume tsble to a 1 ft. stump

TABLE 26

-- & inch top

Noerthern California Forest Yield Cooperative

Dougl as

fir

total height {feet)

DBH
{inches) 30 40 50 60 70 80 90 100

10

120

1730

140

8 O 0 0 11 12 15 17 20
10 12 17 20 30 41 46 50 45
12 17 30 37 48 64 78 87 89
14 30 31 57 76 90 108 126 149
16 26 56 76 9% 127 153 178 199
18 36 T4 105 138 1567 204 238 268
20 47 9% 126 177 219 263 310 359
22 60 114 159 220 265 328 379 438
24 75 137 196 266 325 399 458 534
26 g0 161 235 317 401 476 560 638
28 107 188 289 381 473 569 66% 759
30 136 226 337 439 552 658 772 880
32 156 256 7387 498 635 752 889 1008
3 177 287 443 570 724 860 t01% 1152
3 202 326 500 647 820 974 1147 1305
38 226 67 561 728 920 1099 1288 1467
40 251 411 627 814 1026 1224 1436 1639
42 279 458 69% 904 1132 1359 1594 1819
44 207 506 766 999 1256 1502 1758 2020
16 3%7 958 842 1099 1379 1651 1930 2219
48 368 611 920 1204 1510 1808 2112 2428
50 401 667 1003 1313 1644 1971 2301 2647
e 4%6 726 1089 1427 1785 2142 2507 2875
54 472 18T 1178 1546 19%1 2319 2712 3112
56 502 850 1271 1669 20873 2504 2924 %359
58 547 916 1367 1797 2242 269% 3145 5614
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220
70

210
67

200
6%

190
62

180
50

50

-- 6 inch top
170

160
50

150
50

140
47

130
45

TABLE 27
red fir
120
42

110

total height (feet)
20

100
20

50

Horthern California Foreat Yield Cooperative
20

80
20

70

Gross board-fosot volume table to & 1 ft. stump
17

60
15

40 50
12

DBH

{inches) 30

g Al T YimelNe]

364

2227 23717 2524 2078 28

96 2368 2530 2709 2872 3052 322

76 2678 2862 3064 3249 3451
81 3005 3215 3439 3659 3832 409

0 1802 2258 2064 2197 2226 24?

g 207

6
9
i
4
2

—— 00N

—————

PO MO O

8 455 eas 7
669 B84

518
240 387 586 753 95
269 436 657 852 106

213 341

162 2
{88 2

60 5808

o eah e NND

03 2145 2388 2620 2
18 2376 2650 2907 3

9
[

1
2
2031 2337 2618 2923 3209 3

7 2239 2566 2876 3211 3526 3
97 24477 2808 3147 3512 3857 4

3
9
4
532 1905 2286 2664

2
5
4
1

N0

3
5
860 6311 6773 7220 7685 8135 859

0
6
9

3 132
7103 7517 794
323 6803 7307 7790 8292 8778 9275

5 9765-6144 6542 692
4 6258 6671

7
3

2
2
803 7320 7861 B382 8920 9444 9988 1(

9383
415
697 1162 1710 2248 2781 3%61 3896 4476 5026 5596 6157 6720 7300 7856 8436 8996 9571

hopTplinitelNal

5
2
9

664 2067 249% 2887
594 2094 2593 3132 362¢

1802 2235 2698 312

i
1

482 1945 2411 2911 337

170
269
373

—— e ————

10135 10716 11286

60



220
60

210
50

200
50

190
50

180

50
120
446

47
527 370 102 437 475 515 554 589

112
172 202 206

170
259 26% 298 313

-~ & inch top

46
111

160

stump
150
33
106
168

140
31
a0
159
209 241
704 7

130
20
79

134

20
78
130

176 2Q0
220 245 268 306 326 363 389 411

469 520 564
586 641

858 943 1031
1003 1113 1207

TABLE 28
sugar pine
120
3 712 787 856

110
20
T2

122

4
T

42
571
64

total height (feet)

100

20

66

1G3%

154
9
&86 1711

90
18

50

88

147

191

252 2091
7 3
0 4
99

80

189 227 282 32
40

17

Northern California Forest Yield Cooperative
0
3
3
1
)

603 707 804 909

518 ¢
590 697

B8O

Gross board-foot volume table %0 a 1 ft.
70
15

284 359 425

60

12
2 235 285 351
4 347 430
2 404 507

50
10
1

40

DBH

(inches) 30

221

860 2020 2175 2331 2489 2644

4 1654 1772 1893 2020

30 1724 1905 2047 2182 2

06 15
365 2555 2764 2955 3162 3354 35

Q7 2640 2

105 2281 2461 2630 2816 2986 31
72 2928 3

:

679 804

982 1170

4
6
12 774 918

94 87% 1040

3232 3

186 2
36 ¢
689 2051

4
954 3243 3550 3

231 3549 3884 4

IS AV IATFon

6375
523

6542 6

62 6025

43
650 7030 7493

6
1
32 7176 7639 8086

o7

84 &

38 6
243 7722 8219 8702

2
7
2
7
840 1065 1573 2066 2561 3093 3586 4122 4627 5155 5671 619% 6726 7237 7773 8283 8821

pligiNolNal g

NN LOVEN D

102 2
283 2
2482 287

220 2678 310
387 2832 334

7
05

—— YO

—————

G339 9868 10401

60



-~ 8 inch top
120 130 140 150 160 170 180 190 200 210 220

TABLE 29
ponderosa pine

Gross board-foot volume table to a 1 ft. stump
Northern Califcornia Forest Yield Cooperative
total height (feet)
40 50 60 70 80 80 100 110

DBH

{inches) 30

Page 51

e O 20

2

221
2393 3534 2
2756 2890 306

208%
919 3097 3287 346

278 3479 3692 389

230
566

34 1
16 2
13 2
28 2
66 3

Z 18
21
3 24
8 27
6 30

o
&
24

3

g60 1588 1
82 1830 1
920 2089 2
192 2362 25
440 2651 286

D MO

2011 22
47 2221 2500 279

91 1812 2024 226
65 7 251

137 2441 2747 306
335 2671 3006 %35

2
2
9

ftalotRaVivalig)

78

34 94
34 103

292 468 70
6

225 521
358 576 86

392 6
428

40
42
44
46
48

8519 9017 8529 10029
9143 9677 10226 10763

865 6244 6607 6987 7350
368 6779 7175 7585 7981
893 17338 7766 8209 8638
438 7918 8380 8358 9321

Q04

[FaiteiNedaule

)
4
i

67 1828 218
94 1983 237
26 2145 257
86% 2315 2774
005 2489 2986
678 1116 1645 2153 2670 3205 3725 4283 4804 5352 5883 6427 6962 7503 8059 8591

%

— v — V]

60



-- 8 inch top
120 130 140 150 160 1370 180 190 200 210 220

TABLE 30
incense cedar

Groas board-foot volume table to a 1 ft. stump
Northern California Forest Yield Cooperative
total height {feet)
40 50 60 70 80 90 100 110

DBH

(inches) 30

24
103
200
314
52

24
97
194

22
80
240 266 286 302

181

21
78
168

15
5
147

7
1
1

1

1
z
7 226
86 322 348 7369 405 431

34
80
13

QN O O

——in e —n

200 530 574
684 727

1

1

628
722 186 842 904

390 423 449
493 544 588

34
45
0 554 602 671

5
>
02 666 742 807 881 948 1010 gg?

1

9

0
T3 787 878 954 1046 1122 1212

3
3
5
6

207
262
321

175

168 221
9 207 2N

134
2 266 325 386

8 313 386 473

—————

————— —

7183 7624 8052 38495

60 470 799 1225 1612 2039 2447 2875 3295 3724 4149 4582 5025 5447 5888 6314 6756



TABLE 31

-- 8 inch top

stump

Gross board-foot volume table to a 1 ft.

Horthern California Forest Yield Cooperative

fir

white

totsl height {feet)

DBH
(inches) 30

50 60 70 80 90 100 110 120 130 140 1%0 160 170 180 180 200 210 220

40

68
20%
350
546
152

61 64
178 182
327 340
489 506
674 705

57
309
463
623

28 31 32 38 33 %4 50 95
87 109 1 128 132 151 160

166 197 214 224 252 270 282

406 426

83%
156

143
262 296 327 373 407 449 484 515 562 596

185 203 243 265 297 324 345 38%

2
7
126

O L 0= LN

1
6
9

5 108% 1168 1

g%?ﬁ a03 976 1(2)
847 947 1062 1162 1278 1378 14

283 536 58% 624 68
77 948 602 674 728 797 85
600 670 7151
719 803 901

382 438
a

5282
5728
4188

47 2378 2500
87 2740 2878

50 3129
37 35%6
o4 397

[ Tptenl gl ol

8 1616 1841 2079 230

0 1793 2043 2305 255

0 1976 2256 2544 282
2171 2479 2792 31
2373 2712 3055 34

=L

——— i

673 1117 1658 2174 2705 3248 3779 4348 4879 5442 5982 6539 7085 7638 8205 8749 9%13 9860 10422 10970

60



TABLE 32

Gross board-foot volume table to a 1 ft. stump -- 8 inch top
Northern California Foreat Yield Cooperative

bouglas fir

total height (feet)

DBH

(inches) 30 40 S50 60 70 80 90 100 110 120 1350 140 150 160 170 180 180 200 210 220
8 0 0 0 0 0 0 O 0 Q 0 0 O o 0 0 0 0 0 0
10 0 0 0 0 0 0 15 17 19 21 22 26 28 30 03 31 32 32 3% 33
12 0 19 24 30 34 37 %% 63 70 76 80 83 10 112 118 124 127 125 1573 161
14 21 31 40 62 74 88 8o 120 136 147 154 181 196 206 214 244 258 266 289 305
16 26 44 73 92 110 140 161 179 210 231 249 279 303 321 350 374 392 421 446 464
18 36 53 100 125 162 193 218 299 288 311 357 384 423 455 479 522 552 579 621 649
20 47 94 125 162 212 249 297 337 371 424 462 912 553 58% 641 677 729 769 817 860
22 60 116 159 218 264 311 374 422 484 533 593 646 690 756 803 867 9N7 978 1030 1089
24 75 141 196 267 %25 3083 458 515 593% 651 728 788 864 925 999 1063 1135 1201 1257 1337
26 90 167 235 320 391 477 550 637 712 T8 875 960 1038 1109 1202 1273 1%65 1438 1529 1603
28 107 193 279 375 462 562 650 752 841 942 1033 1135 1225 1327 1419 1523 1613 1714 1807 1908
30 126 222 326 4355 539 654 758 8756 980 1100 1203 1323 1428 1548 1653 1774 1879 2000 2105 2227
32 146 254 376 500 622 752 874 1007 1130 12695 1387 1526 1645 1785 1920 2046 2180 2307 2440 2568
24 167 286 430 570 726 860 1014 1152 1307 1446 1600 1742 1895 2038 2193 2335 2489 2633 2788 2930
36 190 326 503 647 820 974 1148 1305 1479 1638 1811 1972 2146 2307 2483 2643 2818 2930 3156 3317
38 215 367 564 728 922 1095 1290 1467 1662 1841 2036 2216 2411 2593 2788 2970 3167 3348 3546 %726
40 255 411 630 814 1030 1224 1440 1639 1855 2056 2272 2475 2692 2895 3113 3316 3536 3752 3959 4176
42 28% 498 698 904 1142 1359 1596 1819 2058 2282 2521 2747 2087 321% 3455 3695 3925 4165 4395 4637
44 311 506 770 999 1261 1502 1762 2010 2270 2520 2783 %033 %297 3563 3815 4080 4334 4600 4852 5118
46 541 558 847 1099 1384 1651 1937 2209 2494 2770 3055 3343 3624 3916 4193 4485 4762 5054 5332 5624
48 374 611 Q25 1204 1515 1808 2117 2418 2728 303%2 3345 3665 3966 4285 4589 4908 5211 5530 5834 6154
50 4C7 667 1008 131% 1650 1971 2%05 2636 2971 %320 3646 3993 4324 4670 5002 53%47 5680 6026 6359 6707
52 441 726 1093 1427 1790 2142 2504 2864 3226 3605 3961 4338 4696 5071 5432 5807 6169 6544 6906 7284
5 477 187 1184 1546 19%6 2319 2708 3100 3493 3903 4288 4694 5084 5489 5881 6285 6678 7084 7491 7885
5 5173 850 1277 1669 2000 2504 2923 3347 3771 4212 4628 5066 5487 5824 6347 6782 7207 7645 8084 8509
58 552 916 1373 1797 2248 2695 3144 3617 4059 4531 49382 5451 5905 6373 6830 7297 7771 8227 8700 09158
60 592 984 1473 1930 2411 2894 3372 3882 4357 4865 5348 5851 6339 6840 7331 7833 8340 8831 9337 0829

g obey



190 200 210 220

180

-- 8 inch top
170

160

stump
150

140

TABLE 33
red fir
120 130

total height (feet)
110

226 252 273
307 337 389

148
350 394

100

90
24
72
31
N
A

Groas board-~foot volume table to a 1 ft.
Northern California Forest Yield Cooperative
40 50 60 70 80

DBH

{inches) 30

553 602 642 70
694 750 823 88

20
2
g
4

828 92

98
T 873 976 109

36 620 691 T
2 741

439 507 565
4
5

:
7

2
]
4
5
a

DO N

= — N

3249 3448 36

1933 1667 1792 1928 2051 2187 2311 24
1765 1920 2063 2219 2362 2519 2660 28

51 2014 2191 235% 25%1 269% 2873 3034 32

92 2278 2476 2662 2861 3061

O
=0 O e

48 2558 2781 3004 3215 3438 3649 3872 40

OO <t
s LV

152 258 384 507

176 298 458 585
341 521 669 8
387 589 758 9

273 436 660 852 10

217
244

30

32
34
36
38

363

7T 6759 7220 7686 8135 8600 9050

7102
05 7308 7790 8293 8778 9278 9764

9931 10506

1321

6354
6542 6923
9444

5807
7104 7517 7948 8

4985 5288

5476
5990

19 7862 8382 8921

25 2
232 1911 2286 2662 3062 3430 38

176 1

275 1664 2073 248% 2888 3323 3725 41
489 1945 2419 2901 3372 3881 47351 48
600 2094 2601 3122 3629 4175 4682 52

378 1802 2242 2688 312% 3596 4032 44
704 1162 1716 2248 2789 3351 3896 4479 5026 5600 6157 6727 7289 7856 8438 8396 9574 10135 10710 11274

483 789
523 858
566 930
609 1004
655 1082

371

60



TABLE 34

-- 8 inch top

stump

Gross board-foot volume table to a 1 ft.

Northern California Forest Yield Cooperative
sugar pine

“

DBH
(inches) 30

total height (fset)

50 60 70 80 90 100 110 120 30 140 150 160 170 180 190 200 210 220

40

26
84
182

80

155

24
349 382 40

22
77

146
190 227 248 264

277

307

21
70
151

7
i
2
4
2

290 9548 586 640
34 686 750 804
707 776 836 G919 981

849 929 1022 1102 1194
1004 1097 1207 1300 1410

454
567

i
i
2
8
4

—— O

2360

1894. 20%6 2168 2312 244% 2587 2718
3960

3524

22473

5754
5
3
7493
8085

2005 2121
58 6010 637

6542 692
22 8222 8102

50 7079
76 7640

44

1644 1767 1882

526G
76%
1849 2013 2161 2324 2474 2638 2787 2953 3109

2093 2276 2446 2630 2800 2985 31954 3342
2351 2555 2748 2955 3160 3354 3560

250 280"
1908 228% 2660 30
2064 2472 2877 33
2226 2668 310% 35

1759 2102 2

2395 2872 3340 38
645 1065 1579 2066 2569 3083 3586 4126 4627 5160 5671 6198 6715 72%8 7774 8288 832% 9339 0871

10390

60



