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The volume tables and equations in this report represent an assimila-
tion of currently available dendrometry and felled tree measurements for
coastal redwoods, Douglas fir, and other whitewoods (lowland fir, western
hemlock, and sitka spruce). Volumes for other whitewoods are presented
as composite tables because sufficient samples were unavailable to generate
separate tables and, collectively, they represent only a minor timber
component in the region.

These tables were generated for use in concurrent growth and yield
studies for the region and will be used as a standard tree volume basis in
situations where local volume information is unavailable. These tables may
also be used for general inventory work if field checking indicates they
are accurate for specific tasks. Procedures for field checking and adjusting
these tables are also described.

The volume tables use breast-high diameter outside bark in inches and
total height in feet as access points. Scribner volumes are from stump to

a six inch top inside bark. Cubic volumes are from stump to the tip of the
tree, |f desired, cubic equations can be converted to metric units (see Table 1).

All volumes are gross with no allowance for defect or breakage.

Tree Measurements and Sampling Procedures

Dendrometry data - The University's Barr and Stroud optical dendrometer,
model FP 15, was used toc 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 conditions encountered on the properties sampled with
the following restrictions:

1. Trees on the edges of road cuts were not measured unless the roads
were recently constructed.



2. Trees were not selected in stands composed of residual old growth
or in stands where there was evidence that the trees present developed
as an understory of old-growth stands.

3. Trees were not selected if they were severely suppressed, had broken
tops or possessed other abnormalities that would make them unlikely
candidates as crop trees in managed young growth stands.

Felled tree data - Measurements from the felling of 408 redwood trees
were also included as part of the volume sample. Measurements on individual
trees included stump height, DBH, inside and outside bark diameter at the
ends of each log, and total height in feet. This data was collected in Del
Norte, Humboldt, Mendocino, and Sonoma counties by a variety of personnel be-
tween 1898 and 1965. These trees formed the sample basis used by Palley
(1959, 1961) for previous redwood volume tables with the exception of 180
trees that were discarded because of suspicious or missing measurements.

Volume Computations and Standards

Dendrometry data were processed by a specially modified version of the
STX computer program which produces information on tree volumes to various
top diameters inside bark.l1/ Felled tree data was also produced by STX to
insure compatible volume computations.

Logs were scaled as conic frustrums for cubic volumes. Scribner volumes
were based on 16 foot log lengths with a one-half foot trim allowance between
logs.

Stump height for dendrometry measurements was chosen in the field to
coincide where the tree would probably be cut. For felled trees, it was a
constant one and a half feet.

Differences in measurement techniques and sampling distributions among
dendrometered and scaled trees raised the possibility that the two redwood
data sets might not be compatible. Statistical tests, however, indicated
that whatever differences exist are insignificant. (See Appendix 1)

Volume Equations

The general form of the volume equation used in this study is

V=>b0D H (1)

where V is tree volume in respective units, D is DBH in inches, H is total
height in feet, and bO’ bl’ and b2 are constants to be fitted. The constants

1/ Readers desiring more information on the use of optical dendrometers and
the STX program are referred to the discussion and reference citations in:
Wensel, Lee C, 1971, Tree Volume Equations and Tables from Dendrometer
Measurements., Hilgardia, V 41, No. &, U.C. Agric. Exp. Sta. Also see
Grosenbaugh, L.R. 1967. STX-Fortran 4 program for estimates of tree
populations from 3P sample tree measurements. USFS, Berk.;Res. Pap. PSW-13, revised.




Table 1

Statistical Summary of Veolume Functions

General form: V = bOD ]H 2
5 b b 2 Sample Average Aggregate Coeff, ~
Cubic foot Volumes 0 1 2 R® Size  Deviation(%) Deviation(%) Variati..
Redwood .001841 | 1.9678 .9887 | .97 607 -.12 5.6 15.4
Douglas fir L001697 | 1.6726 | 1.2261 | .98 203 .80 b4 11.7
Other Whitewoods [|.001045 | 1.6759 | 1.3494 | .99 74 -.86 b o4 11.5
Board foot Volumes
Redwood .001190 { 2.1931 [ 1.2900 | .94 584 .30 14.0 15.8
Douglas fir .001900 | 1,8918 | 1.4220 | .94 151 A 11.1 15.8
Other Whitewoods [ 000423 | 1.8928 | 1.7600 | .96 38 .38 11.3 16.0 -

1. Coefficients estimated by weighted non-tinear regression.

2. Board foot volumes: Scribner rule, 16 foot lengths, .5 feet trim allowance.
Volumes are from approximate 1.5 foot stump to a 6.0 inch top
inside bark.

Cubic foot Volumes: Conic frustrums, variable section lengths, no trim allowance.
Volumes are from approximate 1.5 foot stump to tree tip.

3. R2 values computed from squared deviations of unweighted data.

4, Coefficients of variation are not directly obtainable by the methods used to fit
the volume equations. The values listed are approximations obtained by taking the
anti-log of the square root of the residual variance of the basic volume equation
fitted in logarithmic form.

5. for volumes in cubic meters, multtiply b0 in the cubic foot equations by .0283

ésh units (inches and feet, respectively} and by

(.0283)(.3937 ')(3.281 2) if D and H are in metric units (cm. and meters, res-
pectively).

if D and H arg in Engl



in equation (1) were fitted by weighted nonlinear regression (procedures

are explained in Appendix 1). Table ! shows pertinent statistical information
and estimates of the coefficients of the volume equations for the three

species groups and two volume categories. Tables 3 to 8 at the end of this
report were generated by substituting various height and DBH combinations in

the appropriate equations. Tables 9 to Il indicate the number of sample

trees by 2 inch DBH classes and 10 foot height ciasses for three species groups.

Reliability and Adjustments to Locail Conditions

The volume tables essentially give "average' volumes for trees of a
given DBH and height. These volumes are subject to two sources of statistical
error when used for anm 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 associated with random
deviations about the "true' population volume 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 possibility 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 following procedures are suggested to check the accuracy of volume
tables at the 95 percent probability level.

1. Specify the accuracy level desired for the estimate of the mean
tree volume for the stand being sampled.

2. Determine from Table 2 the number of sample trees required.
Table 2

Sample trees required for 95 percent confidence intervals
of various levels of accuracy for mean tree volumes.

Accuracy (%) Cubic Feet Board feet
10 9 16
8 14 25
6 25 Ll
4 cé 100
2 225 400
Assumed Coefficient 15 20

of Yariation



Once the sample size is chosen, trees should be selected for volume
measurement that are representative of the trees for which volume
estimates are desired. Each sample tree is measured for DBH, total
height and volume. Volume can be obtained with Relaskops, dendro-
meters, or by scaling felled trees. Volumes of sample trees should
be determined by the same procedures used In scaling operations.

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.

If the absciute value of the average percent difference, {3,, is
less than the accuracy level, use the tables without adjustment.

If the |P| is greater than the accuracy level and there are no trends
in the percent deviations, multiply estimated volumes by the factor

F= (1 +P/100)

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 sample varies
with DBH in a linear fashion, the following correction factor may
be used

Fy = D+(P+b(0.-D))/100]

where

F = correction factor for a tree of Di inches
D = average DBH of volume sample trees

b = regression constant computed from the volume
sample

= 5(p.-P) (0.-D) /(D .-D)?
J J J
P. = Percent deviation of the jth tree in the volume
J sample
Dj = DBH of the jth tree in the volume sampie

| f more refined estimates or different confidence levels are desired,
the coefficients of variation listed in Table | for each species-volume
group can be utilized in conjunction with the familiar sample size
formula.



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:

Sample Tree Total Volumes from Valumes Percent
No. DBH Helght Tables Scaled Difference
| 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 Le Lo 4 +7.4
5 20 130 82 88.3 +7.5
6 22 110 84 91.7 +9.2
) 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 Ly 160 477 538 12.8
14 L 160 477 540.9 13.4
Averages 26.8 +9.3

In this example 9.3 is greater than the 8 percent accuracy requirement
and may be used to compute the correction factor

F=1+9.3/100 = 1.093

There is also a trend for percent differences to increase with DBH. In
this case, a regression correction factor that varies with DBH will be
more precise. The regression coefficient '"b'" for the correction factor
F is computed as

D,
© - [(5.7-9.3) (12-28.6)+(6.8-9.3) (12-28 .6)+. . . .. (13.4-9.6) (44-28.6)]
[(12-28.6)% & (12-28.6)% % ..ovivreiiiniinrnninnnnen. (44-28.6)%]
= ,227

The correction factor is then
Fo [T+(9.3+.227(Di-26.8))/]00]
1.093 + ;0022?(Di-26.8)

i
For a 38 Tnch tree, the volume estimate from the table would be adjusted
upward by the factor

F38 1.093 + .00227(38-26.8)
1.118

]

I
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Appendix A. Statistical Procedures

The coefficients of the volume equations used in preparing this report
were estimated by weighted non-linear regression. The computer routine
employed was ZX55Q of the International Mathematics and Statistical Laboratories,
available through the CDC-6400 operating system of the University of California
in Berkeley. The procedure is a modified Levenberg-Marquardt algorithm,

A. Derivation of Weights

It is well known that the variance of tree volume increases with DBH
and height. Consequently, to stabilize the error variance in regression
analysis, each observation is weighted by a factor inversely proportional
to its expected variance.

initially, for each of the six volume equations, the sample trees were
segregated by two inch diameter classes and ten foot height classes., For
each of these groups, the volume variance, average DBH, and average total
height were computed. Subsequently, the following variance function was
fitted after weighting each observation by the degrees of freedom of each
group variance.l/

2 — —
]og(SVi) = a0+allog Di+82Hi (2)
where: log signifies the "natural' logarithm
109(53 ) = the log of the variance of volume of group "i"
i
Ei = average DBH of group '"i"
Fi = average height of group ''t"
aO,a],az = fitted constants

Table A shows the estimated coefficients of the variance function for
each of the six volume equations.

1/ See The Construction of Standard Tree Volume Tables by Weighted Multiple
Regression, by Douglas J. Gerrard, Faculty of Forestry Technical Report
No. 6, University of Toronto, 1966,
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Table A

Coefficients of the Volume Variance Function

Cubic Volumes Board foot Volumes
ag a, 3, R2 34 a 3, R2
Redwood -1.961 .139| .020] .89 -.071 | 1.86} .364| .92
Douglas fir (-3.63| .1439| .025| .69 .363 | 148 | .038 ) .89
Other whitewoods 2‘7.66 367 ) .013 | .65 .573| 490 |-.035 ] .75
|

Given a sample tree of DBH equal to D. and a total height of H., the
weight assigned to this tree was computed ds J

+ + -
v —[e(2g*2 DytagH )y

where e is the base of the natural logarithms (2.7183).

B. Bark Taper Assumptions

Dendrometers can only be used to measure outside bark diameters of upper
stems. These values must be adjusted to obtain inside bark scaling diameters
for volume determination. Adjustments were made by computing the bark factor
at breast height for each tree.

BF = DBH outside bark/DBH inside bark
This factor was assumed to be the same at all points on the tree stem,

TJo test the validity of this assumption, 108 redwood trees were selected
at random from the felled tree sample. For each tree, cubic volumes based
on the bark factor assumption were computed (VBF) and paired with volumes
based on actual inside bark scaling diameters (VA). The following function
was fitted

= ( +
VA = C,+C,VBF
As expected, the constant term was insignificant but the slope term (CI)

was significantly different from 1 and indicated that the bark factor assumption
resulted in a three percent underestimate.
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Bricke]lg/ and others, however, have notlced that dendrometer measurements
of stem diameters give consistent overestimates when compared to caliper
measurements of the same points. No reason for this discrepancy is evident
but it is compounded into an overestimate of cubic volumes of somewhere
between two and five percent when compared to scaled tree measurements.

Hence, for the redwood trees in this study, these two sources of bias
may be compensatory. Further analysis of covariance, comparing the differences
in residual variances from the volume regression using both dendrometry and
scaled tree data with the pooled variance derived from fitting separate
regressions to each data set, also indicated that statistical differences
between the two data sets were insignificant at critical levels of ,15 or less,

Hence, sample volumes for redwood dendrometry trees were based on
a constant bark factor determined at breast height and were combined with
scaled tree data in developing final volume equations,

2/

£’ Brickell, J.E. 1976, Bias and precision of the Barr and Stroud dendrometer
under field conditions. USDA For. Ser. Res, Paper INT-186, 46 p., 83 ref,






