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I. Introduction


This report contains the results of a comprehensive

analysis of mensurational relationships among major coni­

ferous species in the North Coast Region of California.

These species are redwoods, Douglas fir, and other white­

woods (lowland white fir, sitka spruce, and western hem­

lock). This latter group, hereafter referred to as white­

woods, was treated as a composite due to data limitations

and the relatively minor importance these species have in

commercial forest management in the region.


This analysis was performed on a large data set thought

to be representative of the kinds of conifers typical to the

crop components of young growth stands being managed in the

region. In other words, old growth and severely suppressed

tree~ and trees with broken or deformed tops or other abnor­

malities were purposely excluded from consideration. The

volume component of this study is based on gross scale with

no allowance for defect or breakage other than merchantable

top specifications.


As a preliminary caution, it should be emphasized that

the relationships presented in this report are intended to

be representative of broad regional conditions. Local tests

of reliability should be made before general usage.


Although most of this paper presumes that English units

are being used, metric conversion factors are also given so

that these results can be easily converted when the need

arises.


II. Variable Definitions


The following is a list of variables and definitions

that are used consistently throughout this report. They are

presented here for quick reference and to alleviate the need

of continuous repetition of variable definition.


DBH	 Diameter outside bark 4.5 feet above the ground on

the uphill side of the tree in inches.


dbh	 Diameter inside bark 4.5 feet above the ground on

the uphill side of the tree in inches.


D.
1 Diameter outside bark in inches at a point "~in on


the tree bole.


d.1 Diameter inside bark in inches at a point "in on

the tree bole.


h.
1 Distance in feet from the ground to a point "in on


the tree bole.
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b 
r	 bark ratio at breast height (4.5 feet) 

dbh = b (DBH) r 

GF Girrards form class (GF = d./DBH X 100 where d. is
1	 1 

evaluated at 17.3 feet. ) 

DIA. 
1 General diameter term -- definition depends on the 

context. 

H General measure of tree height in feet. 

Ht Total tree height in feet. 

Hm Height to the merchantable top in feet. 

HI Height to the merchantable top in units of 16.3 
feet (log height). 

S Stump height in feet. 

d s diameter inside bark at the stump. 

D 
s diameter outside bark at the stump. 

exp(X) 2.7128 raised to the power of X 

In(X) Natural logarithm of X 

S Standard deviation of the residuals about the 
y.x regression of "Y" on "X". 

III.	 DATA SOURCES 

The data used to develop the relationships presented in 
this report have been assimilated from four main sources. 

A. Q.f. Dendrometry 

The University's Barr and Stroud optical dendrometer, 
model FP 15, was used to take measurements of bole height 
and outside bark stem diameters at selected points along 
tree stems. 

Sampling was performed during the summer of 1975 on 
lands belonging to members of the Redwood Yield Research 
Cooperative. Tree selection was "semi-random". A loose 
criterion was adopted to select trees between 3-50 inches 
DBH over the range of conditionsencounteredon the proper­
ties sampled with the following restrictions: 

a. Trees on the edges of road cuts were not measured 
unless the roads were recentlyconstructed. 
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b. Trees	 were not selected in stands composed of resi­

dual old growth or in stands where there was evi­

dence that the trees present developed as an unders­

tory of old-growth stands.


c. Trees were not selected if they were severely

suppressed, had broken tops or possessed other

abnormalities that would make them unlikely candi­

dates as crop trees in managed young growth stands.


B. Palley Data


The majority of trees used by Palley (1959, 1961) for 
the previous redwood volume tables were retained after 
screening for this study. These trees were fall, buck, and 
scale (FBS) data. Measurements included DBH total height, ,


stump height and diameter, and inside and ou~side bark diam­

eters on each 16-foot log.


C. USDA - -­
1900 "Data


The United States Department of Agriculture carried out

a comprehensive stem analysis project on young growth red­

wood sprouts around 1900. Sampling was performed in second

growth stands in Del Norte, Humboldt, and northern Mendocino

counties. The records of over 1000 trees are on file at the

University. Approximately 200 dominant, intermediate, and

codominant tree records were utilized in the present study.


D. Cooperator Data


Simpson Timber Company and Georgia Pacific Corporation

of the Redwood Research Cooperative donated the FBS records

of several hundred trees for use in this study.


Appendix B contains a breakdown of the numbers of trees

by diameter and height classes for each species group. Also

included are tables showing average form class by diameter

and total height.


IV. SECONDARY RELATIONSHIPS


The basic set of measurements on each tree needed for

volume and taper analysis consists of a sequential series of

inside bark diameters and log lengths from a specified stump 
height to the tree tip. As the available data had been col­
lected by a variety of field procedures, it was necessary to 
develop several estimators to make minor adjustments on the 
measurements of some trees so the entire data set would be

in a compatible form.
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A. Stump Diameter Estimators


In situations where the actual stump height was not

coincident with nominal stump height used in this study, the

following nonlinear model was used to estimate the stump

diameter inside bark (d ).
s


d = (1 - bOX)(DIA.)exp(b 1(h. - S» (1)

s 1 1


where DIA. is the measured diameter inside or outside bark

at a height h.. "X" is an indicator variable equal to "0"

if DIA. is insiae bark and" 1" if it is outside bark. Coef­

ficient estimates and a statistical summary are shown in

Table 1.


An approximately equal number of inside and outside

bark measurements were used as observations. h. ranged from

.5 to 4.5 feet. Extrapolation outside these limits is not

recommended. It should be noted that this model assumes

bark ratios remain constant over short bole segments. As

sufficient data were unavailable for other whitewoods, Doug­

las fir coefficients were used for this species group also.


Table 1


Coefficient estimates by species for the stump diameter model


Species b b1 R2 S Sample Size

~ ~~~------------


Douglas Fir .097 .038 .95 1.76 403

Redwood .153 .035 .97 1.48 591


B. Bark Ratio at Breast Height Estimators


Bark ratios (b ) were estimated with the following

model: r


dbh = (br)(DBH) (2)


Estimates and a statisticalsummary are shown in Table 2. 
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Table 2


Bark ratio estimates and statistical summary


Species br R2 Sample Size


Redwood .85 .98 688

Douglas Fir .91 .99 362

Whitewoods .95 .99 160


C. Stump Height Estimators


In situations where stump height is unknown but stump

diameter inside bark (d ) and another diameter (DIAi) at a

known height (h.) has bee~ measured, solving equation (3)

for "S" provide~ a logical form for a nonlinear stump height

estimator.


S = C 1[ln(d ) - In(1-cOX) - In(DIA.)] + h. (3 )
s I I


All variable definitions in this model are the same as in


equation 1. The coefficients (cO,c1) could be numerically

derived from band b in equation 1 If there was no sta­

tistical erroP. How~ver, the coefficients, because of this

error, were reestimated by nonlinear least squares and are

shown in Table 3.


Table 3


Coefficient estimates and statistical summary

for the stump height model


Species c C1 R2 S (feet) Sample Size

~ y~~---------------------


Redwood .308 -16.88 .93 1.1 571

Douglas Fir .206 -20.20 .91 1.3 403


D. Tip Estimators


In situationswhere the length of the tree stem from

the last buck to the tree tip is not measured,it can be

estimatedwith the models


TIP. = bO(d.)
b1

(DBH)
b2 

(4)
I I


or


b1 b2 
TIPi = bO(Di) (DBH) (5 ) 
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bole from the known
where TIPi is the length of the tree

diameter, d. or D., to the tree top.
1 1


Tables 4 and 5 give coefficient estimates and a statistical

summary. The sample basis used in developing these equa­

tions did not utilize top diameters in excess of 14 inches.


Table 4


Tip model -- diameter inside bark (d.) 
coefficients and summary 1 

---~~:~::: ~~ ~l ~~---~~~~-~:~~-~~_:~~~::_::::_-
Redwood 8.1 1.05 -.27 7.52 .80 601

Douglas Fir 7.39 1.03 -.24 4.25 .78 143


Table 5


Tip model -- diameter outside bark (D.)

coefficients and summary 1


Species b b1 
b S R2 Sample Size


~ 2 ~~~-------------------
Redwood 6.7 1.08 -.26 6.98 .82 619 
Douglas Fir 6.8 .99 -.19 3.94 .79 161 

E. Bark Taper Estimators


Dendrometry measurements were converted to outside bark

measurements at various heights on standing trees. To con­

vert these measurements to diameters inside bark, a bark

taper model was developed.


Douglas fir


There was not enough data available in the sample set

to estimate coefficients in a bark taper model for Douglas

fir. Consequently, the model developed by Johnson (1966)

for Douglas fir in the Pacific Northwest was considered the

next best alternative. This model is
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d./D. = .559 + .00006h. + .203(D./DBH) (6 ) 
I I I I 

- .1542(D./DBH)2 + .3413 (d /D )I s s 

This model was also used for other whitewoods. 

Redwood 

Three observations, each consisting of height from the 
ground (h.), diameter inside bark (d.) and outside bark 
(D.), at r§ndomly selected points on 172 fedwood trees were 
us~d to develop a redwood bark taper model. The following 
model, fitted by nonlinear least squares, was found to give 
the best statistical fit as well as providing a logical and 
consistent functional form. 

di/Di = dbh/DBH + .38(1.-dbh/DBH)x (7) 

(1. -exp(-.06(h. I - 4.5») 

Total Observations = 521 

R2 
= .12 

Sy.x = .035 

Both coefficients and the overall model were statistically 
significant at the .01 level. The low precision is partly 
due to measurements being rounded to the nearest tenth inch 
and the form of the independent variable (d./D.). Premulti­
plying bot~ sides of the expression by D. afld fefitting pro­
duced an R value of .93 without any real increase in expla­
natory power. 

V. Volume Equations 

The volume equations developed for each species group 
in this study are of two general types: 

Type 1. V = f(DBH,H) 

Type Q V = f(DBH,H,GF) 

For T~ch equation type and species group, twenty-four
equations were estimated by using combinations of the fol­
lowing items: 

1. The specIfIcatIons used here for the volume equa­
tions are those recommended by the Advisory Panel of 
the Redwood Yield Cooperative. 
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were used:

1. Volume types - two volume def~?itions


Scribner board foot and cubic feet.


2. Height - three definitions of height were used: total


height (Ht), merchantable height (Hm) and log height

(HI).


3.	 Merchantable top - volumes were computed to four inside

bark top diameter limits -- 8, 7, 6, and 5 inches.


A. Scaling Procedures


Volumes for each tree were computed from stump height

to the merchantable top limit. As the actual measurements

on each tree were not all at even log multiples, some means

of interpolation was necessary. The best procedure was

found to be fitting a system of several third order polyno­

mials to the actual measurements on each tree (see Akima,

1970). The basic result of this process was to provide the

numerical equivalent of a free-hand curve drawn through the

stem profile conditioned to pass through every measured

point. This equation system was then utilized to "buck" the

trees into standard lengths and produce interpolated diame­

ters.


B. Board foot scale


Board foot scale was based on a 1.0 foot stump height,

a nominal log length of 16 feet, and a trim allowance of .3


feet. Board foot volumes of each log were computed by the

following equation (Bruce and Schumacher,' 1950)


BV = .79(DIA)2 - 2DIA - 4


where DIA is the diameter inside bark at the small end of

the log.


Based on general scaling practices in the region, the

following procedure was used when the top log was not an

even multiple of 16.3 feet. If the length was less than 8

feet, the piece was appended to the next lower log which was

subsequently scaled as a "long" log. If it was between 8

and 16.3 feet, the piece was appended to the next lower log

which was subsequentlysplit in half and scaled as two

"short" logs.


It should be noted that largelydue to the viscissi­

tudes of the Scribner log rule, reducing the top merchanta­

bility diameter frequently resulted in an overall decrease

in the board foot scale for specific trees. While no formal


2. Volumes ln CUblC meters are obtained using the cubic

foot equations and metric conversion factors. See sec­

tion V.F on metric units.
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analysis was performed, the general impression gained. curing

data analysis was that a top diameter of 6 to 7 inches would

produce the maximum overall board foot scale obtainable with

the scaling procedures employed in this study.


An end result of this phenomena is that the volume

equations developed in this report are not guaranteed to

estimate more board foot volume as the merchantable top

diameter decreases, particularly since this is not what hap­

pens in practice!


C. Cubic foot scale


The local taper equation developed for each tree was

used to estimate inside bark diameters at one foot intervals

from the stump to the merchantable top. Smalian's formula

was applied to each one foot segment to compute volumes.


D. Functional Relationships and Statistical Procedures


The functional form of the volume equations fitted were


b b

Type 1 V = bo(DBH) 1H 2


b b b

Type 2 V = b (DBH) 1H 2GF 3


0


For each volume equation case, data were transformed by

taking natural logarithms and parameters were subsequently

estimated by linear least squares regression. The constant

term (b) was exponentiated to convert the equation to the

natural Humber scale. A synopsis and statistical summary

for each fitted equation is displayed in Appendix A.


Experience has shown that fitting volume equations by

the logarithmic procedure provides consistent and logical

estimators as well as satisfying the usual assumptions of

regression (see Wensel, 1973). The major objection is that

a negative bias is introduced by this procedure and volume

estimates should be multiplied by a correction factor to

provide "theoretically" consistent estimates. This factor

is equal to


exp (.5MSE)


where MSE is the mean squared residual of the respective

volume equation in logarithmic units (Baskerville, 1972).

This factor (.2 to 2 percent) is usually much smaller than

the statistical error (6 to 22 percent) of the volume equa­

tions, and for most purposes, can be ignored. These bias 
corrections are also shown in Appendix A. 
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E.	 Reliability and Adjustments to Local Conditions


The volume tables essentially give "average" volumes

for trees of a given DBH and height. These volumes are sub­

ject to two sources of statistical error when used for an

individual tree: (1) an error associated with estimating

the "true" population volume relationship from samples.

This source of error can be reduced by taking more samples.

(2) An error associatedwith random deviations about the

"true" populationvolume relationship. This source of error

may be reduced by adding additional explanatory variables

(e.g., form class).


As with all regional volume tables, there is a possi­

bility that stands of trees in specific localities may

depart from the general relationships shown in these tables.

Also, where scaling practices differ from the ones used in

this study an additional source of bias may be introduced.

Hence, field checks should be made before local use.


The followingproceduresare suggested to check the

accuracy of volume tables at the 95% probability level.


1. Specify the accuracy level desired for the estimate

of tree volume, on the average, for the stand being

sampled.


2. Determine from Table 6 the number	 of sample trees

required. Sample sizes were computed with the aid

of the well known sample size formula.


n =	 t2(CV)2/A2


where:


n =	 number of sample trees


t =	 student's "t" value corresponding to the number

of sample trees and the confidence level being used


CV	 = coefficient of variation expressed as a decimal


A =	 accuracy level expressed as a decimal


/
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Table 6


Sample trees required for 95% confidence intervals

of various levels of accuracy for tree volumes.


Accuracy (%) Cubic Feet Foard Feet


10 9 16

8 14 25

6 25 44

4 56 100

2 225 400


Assumed Coefficient 15	 20

of Variation (%)


3. Once the sample size	 is chosen, trees should be

selected for volume measurement that are representa­

tive of the trees for which volume estimates are

desired. Each sample tree is measured for DBB,

total height and volume. Volume can be obtained

with a Relaskop, dendrometer, or by scaling felled

trees. Volumes of sample trees should be determined

by the same procedures used in actual scaling opera­

tions.


4. Compute	 the percent difference between the measured

volumes and those estimated by the volume tables for

each sample tree. Then compute the average percent

difference for all sample trees.


5. If the absolute value of the average percent differ­

ence, i?i, is less than the accuracy level, use the

tables without adjustment.


6. If the :Pi is greater than the	 accuracy level and

there are no trends in the percent deviations over

size classes, multiply estimated volumes by the fac­

tor


F = (1+P/100) 

7 Percent deviations sometimes show trends with
.


estimated volume or DBH in which case regression

adjustments may be utilized. For example, if the

percentage volume deviation of the sawple varies

with DBH in a linear fashion, the following correc­

tion factor may be used:


F = [1+(P+b(D.-D))/1CO]D	 1

1
.


where
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F	 = correction factor for a tree of D. inches
D .	 1

1 
15 = average DBH of volume sample trees 

b =	 regression constant computed from the volume 
sample 

2P .D. - nPD 
=	 J J 

2D.2 - n15"21 

n =	 number of sample trees 

P.	 = Percent deviation of the jth tree in the 
J volume sample 

D.	 = DBH of the jth tree in the volume sample
J 

If more refined estimates or different confidence 
levels are desired, coefficients of variation 
derived from Appendix A for each species-volume 
group can be utilized in conjunction with the fami­
liar sample size formula. 

8.	 As an example, suppose 8 percent accuracy levels 
were desired at the 95 percent probability level. A 
redwood cubic volume check yielded the following
data: . 

Total Volumes from Volumes Percent 
Sample Tree DBH Height Tables Scaled Difference 

No. (inches) (feet) (cubic feet) (cubic feet) (percent) 

1 12 60 14 14.8 +5.7 
2 12 70 16 17. 1 +6.8 
3 12 90 21 22.8 +4.8 
4 18 90 46 49.4 +7.4 
5 20 130 82 88.3 +7.5 
6 22 110 84 91.7 +9.2 
7 28 100 123 134.2 +9. 1 
8 28 130 160 175.5 +9.7 
9 30 120 169 185.9 10.0 

10 34 130 234 260.4 11.3 
11 36 130 262 290.8 11.0 
12 36 140 282 314.4 11.5 
13 44 160 477 538.0 12.8 
14 44 160 477 540.9 13.4 

Averages 26.86 +9.3 
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In this exampleP = 9.3 is greater than the 8 per~

cent accuracy requirement and may be used to compute

the correction factor


F = 1 + 9.3/100 = 1.093


There is also a trend in the percentage difference

which increases with DBH. In this case, a regres­

sion correction factor that varies with DBH will be

more precise. The regression coefficient "b" for


the correction factor FD. is computed as
1


b = [(5.7)(12) + (6.8)(12) + ... (13.4)(44) - 14 (9.3)(26.86)]

[122 + 122 + ...442 - 14(26.86)2]


= 0.227


The correction is then


FD = 1 + (9.3 + .227 (D.- 26.8))/100]
i 1


= 1.093+.00227(D.-26.8)

1


For a 44 inch tree, the volume estimate from the

table would be adjusted upward by the factor


F44 = 1.093+.00227(44-26.8)


= 1.132


Adjusted Volume = 1.132 x 477 = 540 cubic feet


F. Metric Units


Each of the equations presented in this report presumes

that English units are being used. In the case where metric

units are used for one or more of the measurements, the

volume equations are altered as follows:
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Measurement Units Volume

DBH Height Desired Conversion(C)


?

inches feet (feet)-J none


inches feet (meters)­

c3


cm meters (feet)3 (c1-b1)(c2-b2)


cm meters (meters)3

(c1-b1) (c2 -b2)c3


Hhere:
 c1	 = 2.54 inches/cm


c2	 = 0.3048 ft/meter


c3	 = 0.0283168 m3/ft3


b1' b2 = coefficients of the volume equation used.


These conversion factors can be used in several Hays.

First, if desired, measurements of D and H can be converted


using the terms c1 and c2 respectively. Alternatively, the

appropriate composite conversions, C, can be used to convert

the final volume. Desired volume is obtained by multiplying

the calculated volume from the volume equation times the

appropriate conversion factor above.


VI. CONIFER TAPER MODELS


Taper models estimate diameter inside bark at various

heights on tree boles when only DBH and some measure of tree

height are observed. Taper models are used for two princi­

ple purposes.


1. Estimation of the dimensions of upper stem portions

for defect adjustment in cruising.


2. Estimation	 of the log size mix potentially available

from standing trees.


A. Model Criteria


Taper models are conventionally required to have

several properties:


1. If total height is an access variable, the model

should predict a diameter inside bark of a at the

tree tip. Similarly, if merchantable height is used,

the equation should predict the top merchantable

inside bark diameter at the merchantable height.
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2. Predictions	 of stump or hreast high diameters should

equal actual measurements at these points. While

these values are not conventionally recorded in the

field, the taper model should be structured so

predicted inside bark diameters can be forced

through logical values of these points if necessary.


3.	 Predictions derived from these equations should be

always positive, always decrease with increases in

bole height, and be relatively unbiased at various

points on the tree bole.


B. ~odel Development


Experimentation with several possible functional forms

led to the following model which is based on the modified

inverse of a general sigmoidal equation. This model was 
found 
form: 

to satisfy the previous criteria and has the general 

d.	 = c D - Df ln[1-R
c1

(1-exp(c /f1 - d /~f )))J

1 0 1 ~ 0 m~ 1


Where:


di	 = d.i.b. in inches at a point !li!lon the tree bole


D = DBH


h.	 = height in feet from ground to a point i on the tree

1 bole


H = general measure of tree height in feet


R = (h.-1.)/(H-1.)

1


d = merchantable top diameter inside bark corresponding

m to the point where h.1 = H


f1	 = c2 + c3D + c4H


c.1	 = parameters estimated by regression methods.


This model is conditioned so that the predicted diame­

ter inside bark will equal a when h. = H. If H is total

height, d is 0, and the predicted diameter will be a at the

tree tip~ Similarly, if H is the height to a merchantable

top of say 5.0 inches, d is 5.0 inches and the prediction

will be conditioned to mpredict 5.0 inches d.i.b. when hi =
H.


Six taper equations were developed with H being defined

as height from the ground to an 8,5, and C inch (tree tip)
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top d.i.b. for redwood and Douglas fir. The models were

fitted by nonlinear least squares. Two to three sample

points on suitable trees used in the previously desoribed

volume analysis were randomly chosen for equation fitting.

Coefficient estimates and a statistical summary are shown in

Table 7.


C. Podel Interpretation and Discussion


The coefficient c is interpreted as the ratio of

d.i.b. at a 1.0 foot ~tump to DBH. The fitted coefficients

were almost numerically equal to simple ratio estimators

based on the same data set so constraining the model was not


considered necessary. The term f1 for the taper models

were chosen after considerable experimentation in attempts

to account for general differences in taper between trees in

different diameter and height classes. Table 8 gives aver­

age bias (average difference between actual and predicted

values) by relative height for all six taper equations. In

general, these biases are small and quite acceptable for the

general level of precision usually required in estimating

upper bole diameters.


Table 7


Taper Podel Coefficients and Statistical Summary


REm,JOOD DOUGLAS FIR 

Merchantable Tops


0.0" 5.0" 8.0" 0.0" 5.0" 8.0"


c .955 .956 .955 1.008 1.016 1 .024

0


.387 .346 .326 .415 .320 .276

c1


-.362 -.247 -.211 -.275 -.169 -.142

c2


-.00581 -.00666 -.00542 -.00770 -.00539 -.00364

c3


.00122 .00116 .000847 .000640 .000178 .000108

c4


R2 .902 .962 .967 .974 .978 .975


S 1.28" 1.19" 1.14" .97" .81" .82"

'
y.x


Sample

C:''Jlze 1238 1217 1164 671 631 574 
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Table 8


Bias of conifer taper equations at various point

on the sample tree boles.


REDWOOD DOUGLAS FIR 

Equation top diameter Equation top diameter


0.0 5.0 8.0 0.0 5.0 8.0


Bias in Inches


Stump .13 .01 -.03 .22 .10 .03


DBH -.16 .01 .09 -. 15 -.03 .05


-.22 -.20 -.22 -.20 -.10 -.10

h.17


.30 .17 .03 .25 .07 . 10

h.33


.30 -.04 .07 .35 . 17 .05

h.5


-.06 -.03 .08 . 1 1 -. 14 -.00

h.67


-.34 .06 .26 -.54 -.04 .00

h.S5


top 0.0 0.0 0.0 0.0 0.0 0.0


h .xx refers to a bole height equal to xx% of total height.


Positive table values indicate predictions are low.


VII. VOLUME EQUATION VERSUS TAPER BASED VOLUME ESTIMATES 

The coefficients in Appendix A can be used to estimate

gross volume directly in standing trees. The taper equa­

tions can also be used to obtain indirect estimates of gross

volume. Essentially, the taper equation is used to estimate

inside bark diameters at the places on the tree bole where

it is to be "bucked" into lengths. These lengths are then

scaled using predicted inside bark diameters, and summed to

estimate total volume. Mathematical integration of the

taper function is impossible so this numerical technique is

required.


It should be emphasized that the taper equations were

developed to predict inside bark bole diameters, not tree
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volume. Hence, their adequacy in volume estimation cannot

be judged by conventional statistics. Regardless, the fol­

lowing ad hoc comparisons were made.


A. Comparisons


Diameters, total heights and scaled cubic volumes to a

five inch top of the trees used in the taper analysis were

utilized for comparative purposes. The coefficients from

the appropriate total height-DEH cubic volume equation were

used to directly predict volumes to a five inch top for

these trees. The "total height" taper equations (H is

defined as total height) have the greatest standard devia­

tions and range in bias. Consequently, they were used for

comparative purposes as a measure of the worst that could be

done using taper equations to obtain volume estimates.

These taper equations were used to predict inside bark diam­

eters at one foot intervals on each tree from the stump to a

five inch top. Smalian's formula was then used to compute

volume of each segment which were then summed to give an

indirect estimate of cubic volume. The following statistics

were then computed for both redwood and Douglas fir;


1. Aggregate percentage difference


2. Average percentage difference


3. Root mean square percent deviation (RMSPD) computed

as


1


RMSPD = (Z((y. - y.)/y.)2/n)21 1 1


where


y. = volume estimated b~hvolume equation or taper 
1 equation for the i sample tree


y.1 = actual scaled volume of the ith sample tree 

n = number of sample trees


These values are shown in Table 9 and are essentially a 
measure of how close predicted volumes are to actual scaled 
tree volumes used in the basic analysis. As indicators of 
lack of bias, average and aggregate percent differences 
should be close to zero. The RMSPD value is essentially an 
approximation to the standard deviation expressed as a per­
cent. Comparisons of these values for the taper equation 
with those of the volume equation provides a measure of 
relative efficiency. Judging from table 9, there appears 
to be no bias in volume prediction from the taper equations 
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and RMSPD values are almost identical. 

Table 9 

Comparative statistics for judging differences 
between volume equation and taper equation based volume estimates. 

Redwood	 Douglas fir 

Average Aggregate RMSPD Average Aggregate RMSPD 
difference difference difference difference 

---per cent---

Volume -.8 .8 15.3 . 1 -1.2 11. 5 
equation 

Taper -.2 1.9 15. 1 .2 1.1 11.2 
equation 

Positive percent differences indicate that the estimators 
are low compared to actual volumes. 

To provide a measure of relative compatability between 
volume equations and taper-based volume estimates, ratios of 
estimates produced by both methods are shown for diameter 
and height classes of trees used in the taper analysis in 
tables 10 and 11. Except at the "edges" of the data set, 
there is remarkable agreement between the estimators consid­
ering no attempt was made to condition the taper equations. 

B.	 Evaluation 

In the course of this taper analysis several items were 
noted which are possible areas for refinement. 

1.	 The taper equations are, overall, slightly low, 
judging by the aggregate difference. This is prob­
ably due to estimating d.i.b. rather than d.i.b. 
squared, which is proportional to volume. It is 
well known that the squared average of a sample is 
less than the average squared value unless all of 
the diameters are the same. 

2.	 The rather simple expression of the term f in the 
equation may not be totally adequate for describing 
taper differences between trees of different DBH and 
height. 
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3. The increases with height in the ratios of volume 
equations to taper based estimates is largely due to

the data set being used. No significant trends

indicating a lack of fit were detected in a compari­

son of both volume equations and taper estimates

with actual scaled volumes. For Douglas fir, the

difference is more pronounced and apparently due to

a small and somewhat lopsided distribution of the

sample trees.


We encourage the cooperators to review these taper

equations prior to final publication.


In summary, volume equations produce simple and effi­

cient estimates of gro~s tree volume. However, taper equa­

tions can be used to produce similar estimates although they

are somewhat cumbersome. Taper equations are necessary when

volumes by logs in individual trees are desired.


VIII. VOLUME TABLES


While the volume equations presented r.ere are very use­
ful for incorporation into inventory analysis programs, many 
foresters will want some of these volume equations turned 
into table form. The combinationsof speciesgroups (3), 
equation types (2), measurement units (3), and top diameters 
(4), would require 72 individual volume tables. Wben one 
considers the possible range of form classes of interest, 
the number of possible tables is even more formidable. 
Since any individual would only be interested in a few of 
these tables, no attempt is being made to publish all of

these tables.


However, in Appendix C, 5.0 inch merchantable top board'

foot, cubic foot and cubic meter tables are given for each;

of the two species, Redwood and Douglas fir, by DBH and

total height. A listing of the computer program used to

produce these tables is available from the authors.




TABLE 10. Redwood -- Rat~os of volume equation

to taper based estima s of cubic volume from

a 1.0 foot stump to a 5.0 inch top for DBH and

Height classes of trees used in taper analysis.
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TABLE 11. Douglas fir Ratios of volume equation 
to taper based estimates of cubic volume from 
a 1.0 foot stump to a 5.0 inch top for DBH and 
Height classes of trees used in taper analysis. 
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Appendix!


CONIFER TREE VOLU~E EQUATIONS


This appendix contains tables of statistical summaries

and coefficient estimates of conifer tree volume equations.

Each table has six equation summaries: three board foot and

three cubic foot each accessed by total height, merchantable

height, or height in 16.3 foot logs. Stump height is

assumed to be one foot and board foot volumes are based on

Scribner scale with a nominal scaling length of 16 feet with

a .3 foot trim allowance. Top diameters vary with each

table. Table A1 provides a quick reference guide to table

specifications.


(1) Types of Equations


Equations are of two types:


a) D-H. Diameter-height equations

b) D-H-GF. Diameter-height-form class equations


The form of diameter height equations is indicated


in Fortran notation as:


v = BO(D**B1)(H**B2)


which in regular mathematical notation is

b b


V = b D 1H 2

0


Similarly, the form class equations are in Fortran

notation


V = BO(D**B1)(H**B2)(GF**BS)


which in standard notation is equivalent to 

b b b 
V = b 0D 1H 2GF 3 
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(2) Exponential Notation


The coefficient estimates are given to 4 signi­

ficant digits in exponential notation. As examples:


.5639E-03 = .5639x10-3 = .0005639


2

.5639E+02= .5639x10 = 56.39


(3) Standard Deviations


a) Logarithmic (LN UNITS) - Standard deviations of

residuals are reported in natural logarithmic (base

Ie') units.


b) Normal Units (PERCENT) - Standard deviations are

also reported as a percentage of predicted volumes.

This value is also the coefficient of variation.


(4) Adjustment for Logarithmic Bias (LN BIAS)


This value is a multiplicative adjustment, usu­

ally negligable, that can be used to correct the

volume equations for any inherent bias resulting 
from the logarithmic transformations in the equation 
fitting process. 

(5) Percent Average Deviation (AVE DEV PERCENT)


This value is the average percent deviation of

actual versus predicted values of the sample used in

fitting the respective equation.


(6) Percent Aggregate Difference (AGG DIFF PERCENT)


This value is the percent difference of the

total actual volume of sample trees versus

predicted. Negative values indicate the equations

are low, positive values indicate the equations are

high.
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Quick Reference 

TABLE A1 

Guide to Conifer Volume Equations 

Table No. Species Top 

Volume 

d.Lb. 

to 

(inches) Equation Type 

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

10 
11 
12 
13 
14 
15 
16 
17 

Douglas Fir 
Douglas Fir 
Douglas Fir 
Douglas Fir 
Douglas Fir 
Douglas Fir 
Douglas Fir 
Douglas Fir
Whitewoods 

8 
8 
7 
7 
6 
6 
5 
5 
8 

18 Whitewoods 8 
19 Whitewoods 7 
20 Whitewoods 7 
21 Whitewoods 6 
22 Whitewoods 6 
23 Whitewoods 5 
24 Whitewoods 5 

D-H 
D-H-GF 
D-H 
D-H-GF 
D-H 
D-H-GF 
D-H 
D-H-GF 
D-H 
D-H-GF 
D-H 
D-H-GF 
D-H 
D-H-GF 
D-H 
D-H-GF 
D-H 
D-H-GF 
D-H 
D-H-GF 
D-H 
D-H-GF 
D-H 
D-H-GF 
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TnBLE 7 Gr?OSS VOLUME TABL.ES FOr? r?EDWOOD TIT'I.:=II-II 
~j'::I<:i<:'I'::f:I'::**:I<:':<:+:A<:I<::j:::I<:I'::'I'::'1::'I<:'j'::f:'j<:+::V:+::+::'h>l<:+::I,::j<:+::f:+:::j:::1<:+,::j<:V>f:::+::f:,j<::j:::+::+::¥>f,: '::;FIIH:'LE :::;IZL," 9DO 

1.0 FOOT ~3TlHlr=' TO 5.0] t'ICHE~3 TOP D. I. Ei. 

Fe!Urn] CHJ: \/ = BI] (lH:*B 1) (HKfB2) 
I"'.HIEr?E 

D=DIAMETLR OUTSIDE BARK AT 4.5 FEET 
H=HEIGHT IH FEET OR NUMBER OF LOGS--SEE BELOW--

BiJHF:DFOOT VOLUMES--STHTISTICAL SUI'lIlftl?""

] ] 1--.------ I I I 1 1 1 1

1 ~:;T(jHDI::lf::D I ~3T(:III D FIr?]) I I Uj I I::I\/E I AGC I 1 1 ]

] ])E\,I] AT! 011 ] DE\/I AT] ON I R:f"K'2 I B]n~=; ] DE\/ I D]FF ] B0 I 81 I 82 ]

] (LH UII IT~:;) 1 ( F'EF~CEtIT) I I I (PEf':CEI'ITI I (1::'r~FI'EljT) 1 I I 1

] ] I 1 1-------- I -- ­ ... .on- - -..- 1 '-""""--''''''-- I 1 '''''''''''' .. I


H=TOT(1L HEIGHT ] .;'2H; 1 ?4.1D I .971 ] 1.024 1 16.800 ] --,2. 0~19 ] . 1J3? 'j E - U3 I . :' 0 21; [+.0 1 I . 1;':: ':1[-I U 1 T


] ]------- I -- --_.- ] - - -.- - ] - - - - ---- I ] [ --.1''''''--' , " I


] I I 1 1----- ] 1 [ 1 "'---1

H=I'IE:I?CHHE] CHT I .1?'[j I 18.49 I .982 ] 1.015 I 13.243 I 1. ::-:37 I . :'23[1':11: -1]2 I . H:;SI4[+O 1 I . 1~),16L +U 11


H=L.OG HE:]1:;1-1-1' I 1 ] 1 I I I. 1?2~:;E'HIO]. 1694E+0 11. 1[5,16E+0 II

] , - _.- - .- -- I I 1 ]----- I 1 ] 1 I
' 

CUBIC FOOT VOLUMFS--STATISTICAL SUr1f'1HP'(

1 "--- I 1 " .- 1 ] I--.--. ] 1--' ] 1


1 I)E'\"]I'1TIDII I DE\/IHTIOtl I P:I:+2 I 13]It'3 I DE\/ I DIf"F I 80 I Bl ] B? +

] (LH Ut'l ITS) I (PEPCEtIT) I I I ( PEPCEIIT) I (PEF'CEtH) I ] I ]

1 ",-",,,-,--,--,--,.--, I I ] -- I I I.. -- ,-- ---- I -, I, J


I ~;TAtmnPD I ~=;TntjDnPD ] I UJ I FI".iE I Her; I I I I


H=TOTAL HEICHT ] .149 I 16.09 I .979 1 1 .011 I 11 .709 I .::::25 I. ?903[-C3 I. 1792E+0 1 I . 121':?EIIJ 1 I

1 1--------- I ] 1-------- I.. I -. I... ... T. . .. ,,".. I


H=11E:PCH HE 1CHT I .132 I 14.1(; I .984 I 1.009 I 10.327 I 2.603 I .5[10~JEm021 .I'596E+{fl I .10C:,:E+C11 J

1 1---- I I I-- I 1 ] 1 1


H=LOG HE:I GI-n ] I I I I I I .967C:E-01 ].15%[+011. 1(1(,DE+Ol1

] ]---- ] 1 ]-- ] ] 1 1 1
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l~BLE 9 cross VOLUME TRBLES FOR DOUGLRS FIR 1'/1 r~,,1)- H 

>I<+:*:f>t-:+:+:>I<:'j<'+:::'lct':*::f*>j,>j'::'j'::*::,;.**:**:*>I,:'I'::+:::+::+::+:::'I<:*:f*:f:'I<:'I":'I<:*:f:+:::*+::'Y;I<>I<:* '-:<fllll"LE::~3I ;'L" :no 
1.0 FOOT Sl~MP TO 8.0 INCHES TOP D. I.B. 

EDURTIDrl: '.,,/" 130(Ilf>fD I ) U!I:::B2) 
I..JHEPE 

D=DIRM~TER OUTSIDE BRRK AT 4.5 FEET 
1.1=HE ] CI-Il­ ] 11 FEET DF~ tIL.lf1EiEf~~ DI:: L[lC~=;---~=;[E BELDLJ.--

BorWD FOOT VOLUMES--STATISTICAL '3L1f--1rlAR",' 
] 1 1---- I I 1---._----.­ 1 1-' 1 1 
1 
I 

STANDARD 1 Sl~NDARD 1 
DEVIATION I DEVIATION I R**2 

1 LJJ I 
I B If:1S I 

r:I'."..F 
DE'.,,/ 

I 1:IGL:i 
1 DIFF 

I 1 J ] 
I 80 I 81 1 82 1 

I (Ul LlHIr:;) I (PERCErn) I 1 I (PERCEt.IT) 1 (P[PCEt'rn II! I 
1 1 1- I.. --"-..' --. 1 1-, ,----­ ) 1 1 1 

H=TOTf4L HEIGHT I .154 116.70 1 .967 1 1.012 1 11.681 1 -1.153 I. 1O£:9E-[12 I. I 7'93E+0 II. lCU9[::+U 1 I 
1 1 1­ ] 1 1--.----. I ----.- .-. ..-' - ---] ­ -..... .-.I '.' . :I. ---

I-I=IIEF:CH I-IEI CH'r I . ID::: 1 II. ,:13 1 .984 I 1.006 1 E:.2:,13 1 1 ,,;29~il;E-O 11 " I'J2~:IE:+O II. 11?i'E'IC.i:l.:I.1.236 

1 1 1 1 I 1 1 1 1 1 --
H=LOG I-IEICHT 1 1 1 1 1 I I" 7'9CI2[.HII] 1 " 152(:'jf~H] 1 1 . II,'7[ICll1 

1 1 1 1 1 1 I .---- ... -- ... .-. --- I ..­ -.. ..'. I.-."''''' ... - '''--..- -.. ,[ ------

CLIE:IC FOOT VOLUMES--STRTISTICAL ~; U f'lrl14 P ',,... 

1 1 1---­ 1 1 1 1 1 ] 1 
J '=:;TmID~IRD I STI::II'JDbIPD 1 I L.l1 1 fl'.,,/[ I AGG 1 ] [ I 
1 DE'.,,/lbITIOll I DE'.,,/ 1 biT 1 ON 1 f(+,+:2 I Ellfl~:; I DE'.",.' 1 DlfF I 80 1 81 1 B2 I 
I (LH lJt'jIF:;) 1 (PERCEIIT) 1 1 1 (PERCEIIT) 1 (PERCENT) 1 1 1 ] 
1 1 1 ] I I -. -. ---1 ....-. ". .-. 1 "..,--"_.. ... ". 1 -- -. -,.-- .-.".".. ._­ :I. ---

H=TOT::IL H[::IGHT I . 13 I 1 14.[15 I .971 I 1.009 1 9.t:19 1 -. R3C I. ?' I [l4l:::--'0:::I . I 703E"H] II. 1379E+0 11 
1 1 1 1 1 1 I I 1 ""''''.-''''''' 1 

1-1=III~f?CH HI:::ICIIT 1 ..D~,II 1 ~I. 4:=:: 1 .986 ] 1.004 1 6. :::7~:i 1 .91~; ] .121::I[-D!] .:I.,cl?'SE+!II] .11111[:11..11I 
1 1 1 ] 1 1 1 1 1 1 

H=LOG HEIGHT I I I ] I I 1.201UI::+CII:II.I47~JE+OII. mIIE-I!)l] 
I I I 1 ,-- --. 1 I - .­ _.-­ - I -..--­- .-...-' I ""...""" ..".. 1 "..",,-­ ...-.. I --------- ----- -----
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TABLE 17 GROSS ViJL.Ut1E I TEL.lOODS	 TYPE=D-Hn~BLES FOR L.lH

*:*:****:*:+::*********:*************:******:*:+:*:'h******:+0* SAt1PLE f;]2E" 68


1.[1FOOT STUMP TO 8.[1 INCHES TOP D.I.B.


EQUAT10H: V = BO(D**B1) (H**B2)

I,JHERE


D=D1AMETER OUTSIDE BARK AT 4.5 FEET

H=HEIGHT IN FEET OR NUMBER OF LOGS--SEE BELDW--


BOARD FOOT VOLUMES--STATlSTICAL SUMI1AF.:'y'


1 1 1---- I I 1 1 1 1 1

I STANDARD I STAHDt~RD I ] LH I A\,IE I AGG 1 I I ]

I DE\/I ATl [lH I DE I".IIA Tl or1 I FU:*:2 I BIA~3 I DE \,1 I D]FF I B0 I 81 I 82 I

I (LH Uf'JIT~=;)I (PEF~CEHT) 1 I I (PEF:CEtIT) I (PERCEHT) ] I I ]

I I 1 1 1 1 1 1 ] 1


H=TOTAL HEIGHT I .188 I 20.65 I .971 I 1.[118 I 14.592 I -.637 1.1[161[-[131.1754E+011.2113E+[11]


H=~lERCH HE IGHT I .123 I 13.14 I .988 1 1.[1[18I 9.743 I 1.746 I.219[1E-(11I. 1476E+01]. 1;!B3E+O I]


H=LOG HEIGHT I I I I I I 1.7B6I3E+OD 11.12:=33E+01


1 1 I ] 1 1 1 1 1 1


I ~ I I 1 I 1 1 1 1 1

1.1-476E+D I


1 1 I 1 1 1 1 1 1 1


CUBIC FOOT VOLUMES--STATISTICAL SUili1AF.:'( 
1 I 1 1 ] I 1 1 1 1


I DE\ilfHIOt'1 I DE\,IIAT IOH I R**2 I BIAS I DE\.' I DIFF I 80 ] 81 I 82 ]


H=TOTAL HEIGHT I .174 I 19.[13 I .969 I 1.015 I 13.098 I -.514 I. 1273E-03 I. 1702E+fJ 1 1.1 ?36E+D 1 I


I ,-I 1 ] 1 I ] 1 1 ]


I '::;TAHDARD I f;TAt1DAF:D I I LN I A'iE I RGG I I I I


(PERCEt1T) I I I (PEF:CEHT) I (F'EPCEHn I I ] I

I I 1 1~ ]-------- I 1 1 1 1

I (Lt'J Ut'1 ITS) I


H =1'lERCH HE IGHT	 I .W7 I 11.2l'3 I .988 I 1.006 1 B.6!::: I 1. 13B I . 10 01 E - 01 I 1 44[1 E +01 I 10:3 1 E +0 1 I . .


I I 1 1 1 I 1 1 1 1

H=LOG HEIGHT	 I I I I I I 1.20[16E+00I.1440E+011.1081E+011


I I 1 1 1 I 1 1 1 1




TABLE 18 GRO~::;S VOLUt"1E H1BLES FOR ITELJOml~:;	 TYPE=D-H---GF/.,JH

:+:+:'j::'j::'j,:**:'j,+*+)j;+:'j':***:+::ot:*:*:'jCj':*****+:*:*+)j~'f:'t':*:'t(:'t<*>t;**:+:,j;:*:'t<:'+':*	 SArlPLE ~::; IZE= 6:=: 

1.0 FOOT STUMP TO 8.0 INCHES TOP D.I.B.


EQUATION: V =	 B0(D*fBl) (H*+B2) (GF**B3)

'-,JHERE


D=DIAMETER OUTSIDE BARK AT 4.5, FEET

H=HEIGHT IN FEET OR NUMBER OF LOGS--SEE BELOW--

GF=GIRARD"S FORM CLASS (SEE TEXT)


BOAPD FOOT \/OLUI'lE'::;--STAT I'::;T sur-1i.1AP'(
1UiL


1 1 1---- 1 1 1 1 1 1 1 1

I STANDARD I STANDARD I I LN I A'v'E I I I 1 I I
I:' c; c;


I DEVIATION I DEVIATION I R**2 I BIAS I DEV I DIFF I 80 I B1 I 8:2 I 83 I

I (Ui UN Ir:;)I (PERCan) I I I (PEPCENT)I (PEPCEHT' I 1 I I I

1 1 1 1 1 1 1 1 1 1 1


H=TOTAL HEIGHT	 I .116 I 12.35 I .989 I 1.007 I 9.553 I -.905 I. 9473E-08 I. 2[')52E+I] I I. 1523E+01 I. 2563E+EJ II


1 1 1 1 1 1 1 1 1 1 1

H=t'1ERCHHEIGHT	 I .085 1 8.82 I .994 I I.004 I 6.530 I 1.284 1 . 1465 E - [14 I 1 76 [1 E +0 1 I 1 [1 I 7 E +0 1 I I? 3 is E +0 1 1
. .
 .


1 1 1 1 1 1 1 1 1 1 1

H=LOG HEIGHT	 I I I I I I 1 .250IE-£I31 .1760E+OI I .1017E+Ol I .I 736E+Ell I


1 1 1 1 1 1 1 1 1 1 1


CUBIC FOOT VOLUMES--STATISTICAL SUMMARY

1 1 1---- 1 1 1 1 1 1 1 1

I STANN.iRD I STAHDfiPD I I U! I f21\/E I AGe; I I I I I

I DEVlfnWN I DE'v' I fiT lOt! I P+::,t2 I BIAS 1 DE'v' I DIFF I BO 1 Bl I E32 .1 [:3 I

I (LNUtJlr3)1 ( Pl=:PCEtlT) I I I (PEPCEHT) I (PEPCEHT) I I I I I

I I I 1 1 1 1 1 1 1 1


H=TOTAL HEIGHT	 I 115 I 12.21 I .987 11.007 I 8.709 I -.721 I.31%E-07I.l%7EH'III.1212E+01I.nl9E+Ol1
.


I I I 1 1 1 1 1 1 1 1


H=LOG HEIGHT I 1 1 I I I 1.1964E-031.16B4E+01I.B521E+£IOI.1495E+Ol1

1 1 I 1 1 1 1 1 1 1 1


H =~'1ERCH HE IGHT I .1]74 I 7.64 I .995 11.003 I 5.693 I .802 1.1849E-041.16B4E+OII.t:S::IE+00I.1495E+OII

1 1 I 1 1 1 1 1 1 1 1




TABLE 19 GRO~=S VOLUME TI"IBLES FOR IJJHITEL,JOfJDS T't"F'E=D--H 
***:***:*:+:**:+:*:'l:***:*****:'I<**:+:**>I<*:***:**>I<:'t':>f(:+:>f'::'t':>I'::'j<:+,:*:+::+::+:>I': ~3rH'lPLE ,:,I ZE" 71 

1.0 FOOT STUMP TO 7.0 ]NCHES TOP D.l.B. 

EQUATION: V = 80(D**81) (H**B::::) 
L,JH E F~E


D=DIAMETER OUTSIDE 8ARK AT 4.5 FEET 
H=HEIGHT IN FEET OR HUMBER OF LOGS--SEE 8ELOW--

BOARD FOOT VOLUMES--STATlSTICAL SUt-1r1F1F:Y 
1 1 1 1 1 1-----.---- 1 1 1 1 
I STANDARD I STI"INDFtPD I I Ul I A'v'E 1 AGG I I I 1 
1 DE'v'IATIDH I DE'v'IATImJ I R*M2 I BIAS I DE\,.' 1 DIFF I 80 1 81 I 82 I 
I (UJ UNlEi) I (F'ERCEHT) I 1 I (PERCEtH) I (PEF.~CEHT) 1 I 1 1 
1 1 1 1 1 1 ,---- 1 1 1 1 

H=TOTAL HE IGHT I . H::6 I ::::0.41 I .978 1 1.017 I 14.341 1 -.211 I 1479E -03 I 1759E +011 .:::041 [-+01 1. .


1 1------- 1 1 1-------- I 1 1 1 1 
H=1'1EPCHHE I GHT I .140 I 1~i.O[1 I .98£: I 1.0IfJ I 11.095 I 1.991 I. 1269E-01 I. 1~i22E+0 11. 1354[-HJ 1I 

1 1 1 1 1 I 1 1 1 1 
H=LDG HEIGHT I I I I I I I. ~i56C1E-H]C1I. 15nE+0 11. 13'::)4E+0 11 

I I 1 1 1 I 1 1 1 1 

CUBIC FDDT \,.'OLlJtlES--STAT I~=;TICAL ~3U ~1t-IA P \' 

1 1 1---- I I 1 1 1 
1 ,:;TAtWAPD I STAHDAF.~D I I LH I A\,.'E I AGG I I 
I DE'v'IATIm-1 I DE\iIFHIOH I R >WM2 I 8Ui':; I DE\,.' I DIFF I 80 I B1 B2 
I (LH UHIE;) I (F'EPCEHD I I I (PERCEtH) I (F'[PC[tH)I 1 
1 1 I 1 1-------- I I ~---I 

H=TDTAL HEIGHT I . 154 I 16.61 1 .9::=:011.012 I 11.B13 I .[1('0 1.2873[--031 . 16E:3E+01 1 . 15EJ4f:::+01I 
I I 1 1 1 1 1 1 1 1 

H=tlEPCH HE 1GHT I .114 I 12. 1:::: I .989 I 1.007 I 9.146 1 1.496 1 . 90431:::_.O~?I 1489E +01 1.1059[+[11 I .


1 1 I 1 1 1 1 1 1 1 
H=LDG HEIGHT I I I I I 1 I.1705E-HJOI.14::::9E+0 W59[+D11. 1 I 

I I I I I ] 1 1 1 1 

n '­



TABLE 20 GROSS VOLUME TABLES FOR ~~ITEWOODS TYPE=D-H-GF 
**:+::+:+::i<:+*:*******:f,**:**::+::+::+,::+:+:+::,j::!<:+::+:*:fA'::I::+:+*:I::+:I:*:+::+::'V:+::+:*>!< SAMPLE SIZE= 71 

1.0 FOOT STUMP TO 7.0 INCHES TOP D.I.B. 

EDLIf:ITICII'I: \/ = DO([n~:t'E:1) (I!:kl:D2) U;F>lctR-:D 
t,JHEf;'E 

D=DIAMETER OUTSIDE BARK AT 4.5 FEET 
H=HEIGHT IN FEET OR NUMBER OF LOGS--SEE E:ELOt,J---
GF=GIPARD'S FORM CLASS (SEE TEXT) 

BOARD FOOT VOLUMES--STATISTICAL ':;UI'1f'lnp'y' 

I I 1 1 1---- 1 [ 1 1 1 
[STI~~mnFm I '=iTf~NDARD ] I UJ I f21\/E [ AI:;G I I 1 I [ 
I DE\l!(tTIOI'j I DE'v'InTIOI"1 I F:*'+~"2 I B If~~:; I DE'v' 1 DIFF I BO I B 1 I EQ J B-3 J 
1 (LN UNIr3) I (PERCEI'IT) ] I I ( PERCEln) I (PERCEHT) [ [ 1 1 1 
1-' '---'--- [ 1 1------- 1 1 1 1 1 1 

H=TOTnL HE1GHT [ . 126 [ 13.39 [ . ':190 1 1 .00:3 9.5::' 1 1 -.4::: 1 1 .2:391 E-07 I . 2067E +01 1 . 1457E +01 1.:::3? 1E+01 1 
[ I ] 1-------- [ 1 1 1 [ 1 

H =r-IERCH HE 1l~iHT [ .093 [ 9. ?1 J . 9~J5 I 1 .OU4 7. 1Ei:3 1 1.345 1. 4::::62E-fFS I. an lE+O 11. In:mr:+u 11.190 lE+O 11 
1 1 1 I 1 1 ] ] ] ] 

H=LOG	 HEIGHT [ [ J I 1 I .:::::3f:L?E-04]. It=::nE+Ol 1 .1D3:::E+Ol]. 1901E+Dl 1 
1 [ J 1 I 1 ( 1 1 1 

CUBIC FOOT VOLUMES--STAT]STICAL ~3 U In"1 n F;;~'J' 

1 ] 1---- 1 1 1------.-- 1 1 ] 1 ] 
1 :::;TAtmr~FUI 1 ~:;Tf2ltIDnF'D 1 1 l._H 1 A\iE 1 r~GI:; 1 ] ] I 1 
1 DE'\-,']HT 101-..11 DE'v'I~ITIOH 1 R**2 1 E:H6 I DE\i 1 D]FF ] BO ] 81 J 82 [ 83 ] 
] (LH UtJ ITS) 1 ( PEPCEI1T) 1 1 1 ( F'EF.'CEI1TJ 1 (F'EF.'CEtH) 1 1 1 J 1 
] J 1 1"--,,, ,, J I_h 1 1 1 1 ] 

H=TDTAL HEIGHT ] .114 1 1:2.1]5 1 .9:39 1 1.006 1 :::.213 ] 0413 J .444[':;[-06] .1917E+Ol 1.1141E+Oll.1?97E+Ol] 
] T ] 1 ] 1 1 ] 1 1 1 

H=t1EF'CH HE ICHT [ .Of35 1 t:.'::;J;:' 1 .994 1 1.004 1 to. ::i79 1 1.1313 1 .209:2[-041 .1?14E-H~1l 1 .::C::::UE+[IOI. 1;~:::9[::+OI1 
1 1 ] 1 1 1 ] 1 ] ) ] 

H=LOG HEIGHT 1 ] 1 1 1 1 1.2::::?2E-03].1?14E~Jl1.::::280E+OO[" 13::::9E+Ol1 
[ I ] 1 1 ] 1 1 1 ] 1 



TABLE 21 GROSS VOLW1E TABLES FOR WHITE~JDDS T\'PE =D-H 
~~ 

>1<>f':>I::,j':>I'::+:+:'I'::¥:¥:¥*>I<:+::'j{:¥>!<:,jeK¥*::+:>I<:¥:+:**>I<:¥>f::+:>I<*:+:>I<:¥:¥>I<:+>+::+::+:***>I':>1;* '3HI'lPLE \:; 1 :::T = ( .,:, 

1.0 FOOT TO 6.D ItICHE\:; TOP D. I.EI. ~o;TUrlF-)


EDLJATICIt'I:\,1 = EHJ(D+:>I<Ei1) (H**f:lc:) 
I..,JHEPE 

D=DIAMETER OUTSIDE BHPK AT 4.5 FEET

H=HEIGHT IN FEET OR NUMEiER OF LOGS--SEE BELOW--


BOHRD FOOT VOLUMES--STATISTICAL SUMMAPY 
I I 1---------1---------1-----------1------ 1 1 1 1 
I ';TI~NDAfnl I '3T('INDHPD I I L.tl I A\,IE 1 AGe:; I I I [ 
I DE\llflTlor'l I DE\,IIFiT10N I P'I'::'j{? I B I A::; 1 DE\/ I DIFF-' I BO 1 B 1 I B;~ [ 
1 (LN UN Ir~::;) 1 (PEf"CEtTT) 1 I I (F'[F:CEtID I (PEf;:CENT) I I I I 
1 "--1 ---------1---------1---------1-----------1-------- 1 1 1 1 

H=TOTAL HEIGHT 1 . 1(::5 1 20.30 I .9::::2I 1.017 I 14.634 I -- 1. 16::: I .9457E--041. 17t;7E+01 1 .212U[+01 I 
1 I ---------1---------1---------1-----------1-------- 1 1 1 1 

H =r'1EPCH HE IGHT I . 1::;0 1 16.23 I .9::::13 I 1.011 I 11 . mJ6 I 2.016 I .6646E-[1;'2 1.1::; lIE+O 1 I. 14[:(::E+-01 I 
I I 1---------1---------1-----------1 1 1 1 1 

H=Loe; HEIGHT I 1 1 I I 1 I . ,1::'31E+001 . 1511 E+01 1 . 14::3::::E+'[11I 
I I 1---------1---------1-----------1 1 1 1 [ 

CUBIC FOOTVOLUMES--STHTISTICAL ~::;u rUli=1 P '( 

I u- I ]----- I I I 1 1 1 ]
I :3TI4tIDHt?D I '::;TFitIDfiPD I I UI I fl\/E I nGe; I 1 1 I 
1 D['v'lf4T1011 I DE\,IlfiT10tl I Rij<:¥2 I 81W:; I D[\,I I DIFF I 80 I 81 I 82 I 
I (LIT LIN1r::;) I ( P[t~;C[ITT) I ] I (PEt?CEIIT) I (P[PCEIH) I I I I 
1 I I ( I I 1 1 1 1 

H=TOTr1L HE Ic;HT ] . 152 I 16.43 ] .9133 I 1.012 I 11.551 I -. 1:2::: I .39:::121::-03 I . 1?09E +011 . 1502E +01 I 
I I I 1 1 I 1 1 1 1 

H =r'1EPCH HE 1GHT I .116 I 1:"2.3'::; ] .990 ] 1.007 ] 9.::; 16 I 1.746 1.7::::63E-021. 1500E~J11. 1074E+Ol1 
I I I I I 1--- 1 1 1 [ 

H=LDG HEIGHT I I 1 I I I I. 1546E+[IO I. 1::;[nJE+O1 I . 1074E+0 1 I 
I I ] I I I ] ] 1 1 



TABLE 22 GROS~=; VOLUi'lE TABLES FOR 1.,JHITElJOODS riPE "D-H.-GF 

**:)I:***:'I'::'I;.********:'I'::*.+:I'::I'::******:'j<**:'1':******:'1(***:1<**:**** S~it'.IPLE SIZE= 73 
1.0 FOOT STUMP TO 6.0 INCHES TOP D. I.B. 

EOLIfHIOH: '..,,.' '" ElO(D*>IE:1) (H++E:2) U:;F+:*E:3) 
LJHERE 

D =D IAI..tETER OUTS IDE BARK AT 4.5 FEET 

H=HEIGHT IN FEET OR NUMBEROF LOGS--SEE BELCIL,J--

GF=GIRARD'S FORM CLASS (SEE TEXT) 

BOARD FOOT VOLUMES--STATISTICAL SU~1ARY 
1 1 1 1 1 1 1 1 1 1 I 
I STAtmARD 1 STAtlDARD I 1 Ltl I A'v'E I f4GG I I I I I 
I DEVIATION I DEVIATION I R)j;;j<2 I BIA'; I DE'v' I DIFF I 80 I 81 I 82 I 83 I 
I (L.tI UtiITS) I (PERCHH) I I 1 (PEF~CEtH) 1 (PERCEtH) I I 1 I I 
1 1 1 1 1 1 1 1 1 1 1 

H=TOTAL HEIGHT 1 .122 I L:~.94 1 .99:~ 11.007 I 8.9::~5 1-1.645 I. 15:3BE-071.2071E+Ol1. 1571E+Ol 1.:23B[IE+Ol 1 
( 1 1 1 ( 1 1 1 ( 1 1 

H=flERCH HEIGHT 1 .096 110.07 I .995 11.0051 7.33t: 1 .974 1.1472E-051.1835E+Oll.1148E+Oll.2043E+Ol1 
1 1 1 1 1 1 1 1 1 1 I 

H =LOC; HE IGHT 1 I I 1 1 I 1.3622E-U4I.UB~1E+Ol1.114BE+01I.2[143E+Ol1 
( 1 1 1 1 1 1 1 1 1 1 

CUBIC FOOTVDLUMES--STATISTICAL SUMMARY 
I I ( 1 1 1 ( ( 1 1 ( 
I STAI~DAF'D I s .rf~ (I D A f;~D I 1 UI I A\,.'E I f~C;G I I 1 1 I 
( DE\l!ATIDtI ( DE'v' I AT I Ot1 I R**2 I 8 I AS I DE'..,l 1 DIFF I 80 ( 81 1 82 I B3 1 
( (U'1 Uti Ir::;) ( ( PEF'CEt1T) I I I (PEF'CEtH) I (PEF.TEIH) I ( I I 1 
( I 1 1 1 1 1 1 1 1 1 

H=TOTAL HEIGHT I .113 I 11.97 ( .991 I 1.006 I 8.086 1 -.367 1.6777E-061.1931E+Ol1.1094E+Oll.1746E+Ol1 
I I-- 1 1 1 1 1 1 1 1 1 

H=t.1ERCH HE IGHT 1 . [184 I t: . t: 1 I .995 I 1.0[14 I 6.54:3 I 1.1::m I.226?E-04 I.1725E+0 1!.B:r?5E+0[1!.1'L~iJE+01 I 
( I 1 l ~I I l ( 1 ( ( 

H =LOG HE I GI.n ( 1 1 ( I I 1.23L~E-(13I.1725E+OII.f:B75E+CJ[1I.1420E+OI1 
( I 1 1 1 1 1 ( ( 1 1 



TABLE 23 GPO~;S \/OLUr1E HjBL.ES FOP L.JHITEl,JiJOD~:::; T'iPE=D-H 

*******::**:****::'I,**:'I':**'I,********:*:*:'I,::,r****'1'>1<***:*:+':*::'1,*** ,-..' r -1Pl E ,-.] ~ E.:'H. - - .::). ,~:­:::."' 76 
1.0 FOOTSTUMPTiJ 5.0 ]NCHES TOPD. ].B. 

EOUAT ION: \/~,DO (D+:*B 1) (H>f+B2) 

l,JHEPE 
D=D1RMETEP OUTSIDE BAPK AT 4.5 FEET 
H=HEIGHT IN FEET OR NUMBER OF LOGS--SEE BELOW--

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

BOARD FOOT ViJLUMES--STAT1ST1CAL SU~~RRY 
1 1 1 1 1 1 1 1 1 1 
I STANDAPD 1 STAtWARD I I U1 I A'v'E I l~jGG I I I ] 
I DE\lj(HION I DE''i'U~TIOH I F~:I<+2 I B]n:::; I DE\/ I D]FF I 80 I Bl I B2 I 
I (LN UH ITS) 1 (PEPCEHT) 1 I ] (PEf'~CEtH) ] (PEPCEHT) I ] I I 
I 1 1 1 I I 1 1 1 ] 

H=TOTAL HEIGHT I .217 I 24.23 1 .9fJO] 1.024] 17.212 ] -2.071 ].9157E-041.1i::64E+Ol].2070E+0II 
1 ] ] 1 1 ] 1 ] 1 1 

H =~1EpCH Hf:: IGHT ] .173 ] 1::::.94 I .9t:? 11.015 113.476 I 1.102 I.30:::::6E--(/2].1594E+OI1.15f.10E+Dl1 
] 1 1 1 1 1 1 ] ] 1 

H=LOG HEIGHT I I 1 I I I 1.2540E+001.1594E+Oll.1580E+Ol1 
] 1 1 1 1 1 1 1 1 ] 

CUBIC FOOT ViJLUMES--STATIST1CAL sunr1np'y' 
] I ] ----..--.. ] I 1 1 1 1 1 
I STAHDARD ] ] f~\,.'E1 UI I 1 Hejr:; 1 ] 1 1STnHMRD 
I DE\iIATIDH I ] R*::*2 DE\,.'I B If~'=; ] I DIFF I BO I Bl 1 82 ]DE\,.'IATIOH 
I (UI UI11r3) ] ] (PEPCEtH)I I ] (1:'ERCEtH) I 1 I I(F'Ef?CEtH) 
1 1 ] 1 I 1 ] 1 ] 1 

H=TOTAL HEIGHT ] . 136 1 ] .988 I 1.009 I 10.6i::5 I .436 1.5621E-031.1EAi::E+l::111.14?3E+Ol114.59 
] 1 I 1 1-------­ 1 1 1 1 1 

H=r1EpCH HE 1GHT 1 .128 I ] .9i::9 I 1.008 1 10.05i:: I 2.1i::6 I.7215E-021.15£12E+Ol1.10B2E+Ol]13.69 
] I 1 ] :- I 1 I I I ] 

H=LOG HEIGHT I 1 1 I ] I I.1450E+00].1502E+OII.I0t:2E+01I 
] I ] I I ] 1 ] 1 1 



TABLE 24 GROSS VOLUME l~BLES FOR WHITEWOODS TYPE:=D--H-'GF 
:'I'::+<*+::+<>I<:'j<+:>[<**::¥:y'j<:'j<*:'j<+:****:+:>h*:*:*::+<+::'Y:+::**:*>[<:**>I<*:**>I<:*:*:*:'j<:*::* '3AIIPI_E~:;I ZE = 76 

1.0 FDOT STUMP TO 5.0 IHCHES TDP D.l.B. 

EQUAT10H: V = B0(D+~Bl) (H**B2) (GF**B31 
I-,JHE:RE: 

D=DIFjllETER OUT'::;]DEBARI< AT 4.5FEET 
H=HE1GHT IH FEET OR HUMBER OF LDGS--SEE BELOt,j--

GF=G1RARD'S FDRM CLASS (SEE TEXT) 

E:OAPDFOOT VOLUMES--Sl~TISTICAL SUt"lr1f1R'{ 

I I I-n_-- I 1 1 1 1 1I --- -. -- -- -- -- -. .-- I


I STAHDAF:D ] :3T(11IDf:1F::D I I LH I H'.,/E I HGG I 1 ] I I 
] DE\."IiHI Ot-j I DE\/1ATIClH I R:KK::: I DIAS I I DIFF I 80 I 81 I 82 I D3 IDE'..,,.'


I (LHUIJ1E;11 ( PERCE:IIT) I I I (PEF:CEIIT) I (PEPCEln) I I I I I 
I I I I I I 1 1 1 1 1 

H=TOTi"lL HE n;HT I . IS? I U;.95 I .990 I 1.012 I 11.795 1-2.55:3 1.1536E-071.2232E+Oll.1407E+Oll.2450E+Ol1 
] I I 1 1 I 1 [ 1 1 1 

H=tlERCH HEII:;HT ] . 118 I 12. :;? I .994 I 1.007 I :3.793 I .022 I. 6724E-06 1.197 lE+O 1 I. 11:5::::E+01 I . 21D[lE::+O1 I 
I I I I----.-- n- - I I 1 1 1 1 ] 

H=LDG HEIGHT I I 1 I I I 1.1 7021::-m[l41. IS17lE+I2J1 I. 11:5:3E+[I1I. :::'lElfJE+ll11 
I I I I I 1----- 1 1 1 ] 1 

CUBIC FOOT VOLUMES--STATISTICAL r,:;UIII1AP'( 
1 1 1----- I I I ] 1 1 1 1 
I '3TAlmARD I ::;TAI1D(1RD I I U1 I A'.,/E I rIGC; I [ I I ] 
I DE'v']AT1CiI1 1 DE'v' I i:ITl DH I P'j:K::' I BIA':; I DF'..,,.' I II IFF I BD [ E:1 I E::::: I En I 
1 (Ui UI11T:3) I ( PEF'CFIIT) I I I (PEr;:CI':IIT) ] (PEPCEI'1T) I I I I I 
1 ] ] I I I 1 1 1 1 1 

H=TOTAL HEIGHT I .![If] ] 10.:;4 I .994 I 1.005 I ('. :;54 I .2::::1 I. 269CIE-05 I. 1:374E+0 I] . IIJC6E +[11 I . 1::;[11)[+0I] 
1 1------- I ] I I 1 1 1 1 1 

Hc~tIEF~CH HE 1GHT ] .0% I 1[1. 11 I .994 I 1.005 I 7,536 I 1.608 1.251 L3E --[14 I. 1755E+1211 I . 79E:I;EtOCi I. 141 m::-t-O1 I 
1 1----- I I I I 1 1 1 1 1 

H=LOG HEICHT I I I I I I 1.2303E-03 [. 1755E+Ol]. 79:=)6E+00 1.1"110[":+01 I 
1 1----- I I I 1--- 1 1 1 1 1 
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Appendix ~

Distributions of Sample Trees


I. Numbers by height and diameter class by species


II. Average form class by height and diameter class by

species.
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--------------------------------------------------------------------------------------------------------------------

Tr:IE:LE EQ. AVERAGE FORM CLASS BY DBH AND HEIGHT CLASS FOR RED~JOD 

I 
DE::HI 

I 
I 10 20 30 40 50 60 

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

TOTAL HEIGHT 

9:]70 BO 
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