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ABSTRACT
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and International ~-inchboard volume, and cubic volume equations for
the eight important commercial conifer species in California. For board­
foot volumes, separate equations are given for both total and merchant­
able heights to various merchantable tops.
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Tree Volume Equations
for Major California Conifers!

INTRODUCTION

TIMBER APPRAISAL WORK requires that tree volumes be broken down by log and
log position; such work depends upon the availability of accurate estimates of tree
diameters at various points along the stem. The previous phase of the current
study produced such taper equations (Wensel and Olson 1995). However, users
often want volume equations, bypassing the use of taper equations. Unless the
taper equations can be integrated mathematically, as are Biging's (1984) equa­
tions, they are not easily used for computing compatible whole cubic tree vol­
umes. This suggests that, in addition to stem taper equations, whole tree volume
equations are also needed.

The algorithm for computing the volume of the eight conifer species, reported
here, as well as volume tables by species, log rule (cubic, Scribner, International
%-inch), and either total or merchantable height is available from the authors.

DATA SOURCES

A complete listing of the numbers of trees used in the original taper study by
species, DBH, and data source are given by Wensel and Olson (1995). Table 1
abbreviates this listing and gives the number of trees by species, DBH, and total
height (tables begin on P: 4.) In creating the stem taper set (Wensel and Olson,
1995) there were only a few upper-stem diameter measurements for many of the
trees. While this is sufficient for developing tree taper estimates, it is insufficient
for tree volume estimation. This left us with two choices: (1) delete the trees with
incomplete stem taper measurement and compute whole tree volumes for the
remaining trees; or (2) use the stem taper equations to get upper stem diameters
inside bark required to define the volume of the sample trees. It is this latter
process that was used here.

Thus, the "data" used for computing the total volumes of each 2-inch DBH
class and 10-foot height class were computed using the taper equations (Wensel
and Olson 1995) and the log scaling rules discussed below. The small end
diameter for a particular log was computed using the taper equations, then the
log volumes were computed from the small end diameter and the log length using
the appropriate log rule, and then the tree volumes were computed as the sum of
the log volumes. The weight for each class was set equal to the number observa­
tions in that class. However, some combinations of DBH and height were con­
sidered to be "outliers" and were dropped from consideration. For example, a
14-inch DBH white fir with a height of 110 feet was beyond the reliability of the
white fir taper equation and was dropped.

Scaling for board foot volume was done by 16-foot logs to 4-, 6-, and 8-inch
merchantable tops, allowing a half-log at the top.2 Scaling for cubic volume was

lAccepted for publication May 30,1995.
2USDAForest Service Region 5 scaling rules were used. These rules specify 1&foot logs with allowance for

a possible ~ log at the top. Trim allowance is 0.5 feet per 8- or 1&foot log.
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done to both the tip and to a 4-inch merchantable top.3 Trees that were projected
to have less than one 16-foot log with the specified inside-bark top diameter were
deleted from the analysis for the equation for that top diameter.

International metric units (SI) can be obtained by using conversions on the
DBH and height entered and on the volumes computed. For example, if DBH is
in centimeters and height is in meters and the volume is to be computed in cubic
meters, the following conversion factors should be used with the resulting
equations:

(
inches )

DBHinches = 0.394. DBHcentimeters
centimeter

(
feet )

heightreet = 3.28 -- heightmeters
meter

(
cubic meters)

volumecubic meters = 0.02832 volumecubic feet
cubic foot

If another combination of measurement units is used only a portion of this
conversion will be required. Also, Olson and Wensel (1995) provide a set of
equations to estimate tip lengths for easily switching between total and merchant­
able heights.

MATHEMATICAL MODELS AND FITTING

While a number of model forms were investigated, two model forms and two
fitting procedures were used here. The model (Bruce and Schumacher 1950)

V =bo Db} H b2 (1)

produced good results in previous studies of California tree species (Wensel 1971,
Wensel 1977a, and Wensel and Krumland 1983). In Equation (1), D is the breast
height diameter and H is the total or merchantable height, whichever is being
used to predict volume. When applied here, both in its nonlinear and its loga­
rithmic form, equation (1) produced small but systematic over-estimates of the
volumes of larger trees. To eliminate this apparent bias, another term was added
to the model yielding

(2)

This third term is added to enable the model to fit larger trees better. Fitting this
model in its log-linearized form is the traditional approach for two reasons. First,
the log transformation stabilizes the variance that would otherwise increase with
untransformed tree heights and diameters. However, because the variance is
already stabilized by the use of the taper model to estimate the whole tree
volumes, this is not a consideration here. That is, for the taper models used here,
the residual error is not a function of height or diameter. The second reason to

SCubic scale was computed in I-foot increments using Newton's rule. If computing cubic volumes on
actual trees for comparison, see the generalization of Newton's rule by Wensel (I977b).
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use the log-linearized form of equation (2) is to facilitate the estimation process.
In the linear form, the coefficients can be estimated directly using a standard
multiple linear regression process.

Unfortunately, however, the linearized form of the equation continued to have
the systematic bias (though smaller) that was present in equation (1). Thus, the
nonlinear form of equation (2) was fitted. This eliminated the sytematic bias for
larger trees as well as reduced the overall mean squared error compared to model
(1). The coefficients for model (2) for Scribner and International ~inch board­
foot volumes and for cubic foot volumes are given in Tables 2-9 (pages 5-8) for
each of the eight conifer species considered.

REUABILITY

The reliability of the taper equations was reported by Wensel and Olson (1995).
The ability of the tree volume equations to predict the volume obtained by taper
equations is illustrated in Table 10 (page 9) that presents the ratios,

volume equation volume prediction
R=---------------

taper equation volume prediction

Ratios of 1.00, shown through most of the table, show differences of less than one­
half percent. For the short small-diameter pine, the ratio was as large as 1.07
(showing differences as large as 7 percent). For extremely tall, thin trees the ratio
was as low as 0.89. The few large and small ratios that exist are judged to be
outliers.

Agreement outside the range of the data studied is not guaranteed for either
the previous taper equations or the current total tree volumes.

APPENDIX TABLES

Tables are given in the Appendix for both Scribner board foot and cubic foot
volumes for DBH and both total height and merchantable height to various tops.
As illustrated in Table 11 (page 10), this yields a total of 72 tables found in
Appendix A. These and additional tables are available on computer diskette. They
include International t-inch versions ofAppendix Tables A-I through A-48 as well
as total volumes by log height and log position.

Since the taper equations use total height, volumes to various merchantable
heights require that we estimate the distance from the merchantable diameter
(here it is 4, 6 or 8 inches) to the tip. These tip lengths are estimated using the
equations from Olson and Wensel (1995).

A complete listing of these and the additional tables and programs available on
a high density DOS computer diskette is given in Appendix B. This list includes all
programs, coefficient files, and data sets necessary to compute the volume
tables.
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TABLE 1. NUMBER OF TREES BYSPECIES,* DBH ClASS,t AND HEIGHT CI.ASst

Species Height Class (midpoint in feet)

068. DBH SO 50 70 90 110 ISO 150 170 190 210 220+

DF 15 18 102 151 84 17 5
937 25 2 42 118 102 39 10 2 3

35 7 7 42 27 32 10 2 1
45 4 10 13 18 19 6 I
55 I 3 10 8 7 2
60+ 2 I I 4 4

PP 15 13 163 292 279 87 10 2 I
1786 25 4 79 172 219 135 29 1 1

35 4 24 46 68 43 18 4
45 2 10 20 21 10 3
55 1 2 8 3 3 2 2
60+ 1 2 1

JP 15 11 63 63 11 1
927 25 28 122 119 13 1

35 1 67 191 68 10 2 2
45 1 5 44 60 21 4 1
55 2 7 8

SP 15 2 32 75 65 12 1
540 25 1 12 53 75 42 4

35 6 23 51 20 7
45 3 12 12 7 2
55 2 3 7 5 1
60+ 2 1

LP 15 6 75 75 21 5
235 25 1 6 7 17 9

35 2 4 2
45 2

WF 15 7 168 423 429 115 10
2221 25 1 9 60 226 288 133 22 3

35 4 21 53 83 49 18 3
45 7 8 14 25 9 1 1
55 1 5 2 7 7 4
60+ 1 2 1

RF 15 3 124 154 127 25
886 25 4 42 118 82 26 3 1

35 2 28 44 35 14 2
45 2 5 15 12 6 3
55 1 2 3
60+ 1

IC 15 24 105 94 11 2
554 25 1 12 47 70 26 2 1

35 6 28 42 19 3
45 4 18 21 5
55 2 2 6 1
60+ 1

*Two-Ietter species codes represent Douglas-fir, ponderosa pine, Jeffery pine, sugar pine,
lodgepole pine, white fir, red fir, and incense-cedar, respectively.

"Ien-inch diameter classes are 10.0 to 19.9,20.0 to 29.9, ... , 50.0 to 59.9, and 60.0 inches and
greater, respectively.

tTwenty-foot height classes are 20 to 39.9, 40 to 59.9, ... , 200.0 to 219.9, and 220.0 feet and
taller, respectively.
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TABLE 2. VOLUME EQUATION COEFFICIENTS FOR EQUATION (2)
FOR DOUGlAS-FIR (1.o-FOOT STUMP)

Set Top No. of
No. Height* dib Log rule bo b l b2 bs trees MSE

2.1 Total 8.0 Scribner 1.453E-04 2.4710 1.1371 0.99058 885 11.45
2.2 Total 6.0 Scribner 1.805E-04 2.3988 1.1370 0.99187 937 9.86
2.3 Total 4.0 Scribner 2.054E-04 2.3562 1.1372 0.99260 937 9.51

2.4 Merch. 8.0 Scribner 6.879E-04 2.0688 1.1161 0.99586 937 11.71
2.5 Merch. 6.0 Scribner 5.323E-04 2.1217 1.1210 0.99554 937 9.94
2.6 Merch. 4.0 Scribner 3.918E-04 2.1989 1.1239 0.99464 937 8.39

2.7 Total 8.0 Int'II/4 3.115E-04 2.2411 1.1338 0.99428 885 6.88
2.8 Total 6.0 Int'II/4 3.759E-04 2.1791 1.1334 0.99539 937 5.42
2.9 Total 4.0 Int'II/4 3.888E-04 2.1662 1.1345 0.99561 937 5.45

2.10 Merch. 8.0 Int'II/4 1.481E-03 1.8341 1.1152 0.99959 937 9.73
2.11 Merch. 6.0 Int'II/4 1.112E-03 1.8954 1.1201 0.99922 937 5.63
2.12 Merch. 4.0 Int'II/4 7.992E-04 1.9849 1.1194 0.99819 937 5.60

2.13 Total 4.0 Cubic 2.167E-03 1.9448 0.9969 0.99900 937 0.28
2.14 Total 0.0 Cubic 2.244E-03 1.9342 0.9964 0.99919 937 0.17

2.15 Merch. 4.0 Cubic 3.642E-03 1.8126 0.9906 1.00074 937 1.47

TABLE 3. VOLUME EQUATION COEFFICIENTS FOR EQUATION (2)
FOR PONDEROSA PINE (l.o-FOOT STUMP)

Set Top No. of
No. Height* dib Log rule bo b l b2 bs trees MSE

3.1 Total 8.0 Scribner 1.446E-04 2.4149 1.1515 0.99797 1621 12.25
3.2 Total 6.0 Scribner 1.798E-04 2.3406 1.1542 0.99945 1786 10.18
3.3 Total 4.0 Scribner 2.187E-04 2.2713 1.1550 1.00085 1786 9.09

3.4 Merch. 8.0 Scribner 6.901E-04 2.0415 1.1263 1.00107 1786 16.11
3.5 Merch. 6.0 Scribner 5.775E-04 2.0541 1.1338 1.00221 1782 11.52
3.6 Merch. 4.0 Scribner 4.176E-04 2.1383 1.1339 1.00150 1786 8.44

3.7 Total 8.0 Int'II/4 3.308E-04 2.1595 1.1484 1.00257 1621 8.19
3.8 Total 6.0 Int'II/4 3.910E-04 2.0987 1.1503 1.00377 1786 6.72
3.9 Total 4.0 Int'II/4 4.075E-04 2.0813 1.1521 1.00412 1786 6.60

3.10 Merch. 8.0 Int'II/4 1.411E-03 1.8181 1.1254 1.00491 1786 16.13
3.11 Merch. 6.0 Int'II/4 1.151E-03 1.8434 1.1302 1.00583 1782 9.73
3.12 Merch. 4.0 Int'II/4 8.072E-04 1.9367 1.1295 1.00511 1786 6.04

3.13 Total 4.0 Cubic 2.254E-03 1.8764 1.0005t 1.00647 1786 1.52
3.14 Total 0.0 Cubic 2.525E-03 1.8518 1.0004t 1.00791 1786 1.08

3.15 Merch. 4.0 Cubic 4.144E-03 1.7420 0.9909 1.00757 1786 3.43

tNot significantly different from 1.0
*Total height used in equation but volumes are to the tops specified. Merchantable heights

are to the tops specified for volumes.
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TABLE 4. VOLUME EQUATION COEFFICIENTS FOR EQUATION (2)
FORJEFFREYPINE (I.O-FOOT STUMP)

Set Top No. of
No. Height· dib Log role bo b l b2 b, trees MSE

4.1 Total 8.0 Scribner 1.137E-04 2.4250 1.2025 0.99562 907 7.43
4.2 Total 6.0 Scribner 1.334E-04 2.3642 1.2058 0.99690 927 7.11
4.3 Total 4.0 Scribner 1.539E-04 2.3078 1.2102 0.99800 927 6.97

4.4 Merch. 8.0 Scribner 5.120E-04 2.3111 1.0238 0.99434 927 12.62
4.5 Merch. 6.0 Scribner 4.050E-04 2.2883 1.0655 0.99611 927 10.21
4.6 Merch. 4.0 Scribner 3.185E-04 2.2488 1.1239 0.99761 927 9.68

4.7 Total 8.0 Int'II/4 2.117E-04 2.2303 1.2043 0.99888 907 4.00
4.8 Total 6.0 Int'II/4 2.422E-04 2.1768 1.2087 0.99996 t 927 4.14
4.9 Total 4.0 Int'II/4 2.578E-04 2.1483 1.21198 1.00062t 927 4.02

4.10 Merch. 8.0 Int'l 1/4 1.112E-03 2.0446 1.0339· 0.99932 t 927 9.17
4.11 Merch. 6.0 Int'l 1/4 8.513E-04 2.0401 1.0722 1.00065t 927 6.92
4.12 Merch. 4.0 Int'II/4 5.508E-04 2.0751 1.1261 1.00067t 927 4.21

4.13 Total 4.0 Cubic 2.061E-03 1.9338 0.9949 1.00350 927 0.29
4.14 Total 0.0 Cubic 2.205E-03 1.9105 0.9951 1.00396 927 0.25

4.15 Merch. 4.0 Cubic 3.608E-03 1.8591 0.9481 1.00373 927 2.28

TABLE 5. VOLUME EQUATION COEFFICIENTS FOR EQUATION (2)
FOR SUGAR PINE (I.O-FOOT STUMP)

Set Top No. of
No. Height· dib Log role bo hi b2 h, trees MSE

5.1 Total 8.0 Scribner 1.454E-04 2.5106 1.0857 0.99515 505 14.15
5.2 Total 6.0 Scribner 1.796E-04 2.4320 1.0898 0.99663 540 12.07
5.3 Total 4.0 Scribner 2.089E-04 2.3777 1.0922 0.99760 540 11.33

5.4 Merch. 8.0 Scribner 8.063E-04 2.0301 1.0910 1.0005t 540 17.37
5.5 Merch. 6.0 Scribner 6.610E-04 2.0611 1.0921 1.0012 540 12.32
5.6 Merch. 4.0 Scribner 4.203E-04 2.1861 1.0927 0.99972t 540 8.63

5.7 Total 8.0 Int'II/4 3.178E-04 2.2696 1.0825 0.99926 505 9.53
5.8 Total 6.0 Int'l 1/4 3.797E-04 2.2056 1.0848 1.00045t 540 8.31
5.9 Total 4.0 Int'II/4 3.938E-04 2.1868 1.0886 1.00080 540 8.14

5.10 Merch. 8.0 Int'l 1/4 1.673E-03 1.8136 1.0838 1.00414 540 15.46
5.11 Merch. 6.0 Int'l 1/4 1.257E-03 1.8766 1.0838 1.00419 540 8.98
5.12 Merch. 4.0 Int'l 1/4 7.080E-04 2.0389 1.0874 1.00195 540 5.83

5.13 Total 4.0 Cubic 2.256E-03 1.9884 0.9379 1.00316 540 0.95
5.14 Total 0.0 Cubic 2.377E-03 1.9719 0.9374 1.00346 540 0.80

5.15 Merch. 4.0 Cubic 4.190E-03 1.8215 0.9368 1.00495 540 1.72

tNot significantly different from 1.0
*Total height used in equation but volumes are to the tops specified. Merchantable heights

are to the tops specified for volumes.
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TABLE 6. VOLUME EQUATION COEFFICIENTS FOR EQUATION (2)
FOR LODGEPOLE PINE (I.O-FOOT STUMP)

Set Top No. of
No. Height* dib Log rule bo b l bl bs trees MSE

6.1 Total 8.0 Scribner 2.360E-Q5 2.9391 1.2941 0.97912 170 1.77
6.2 Total 6.0 Scribner 4.692E-Q5 2.6326 1.3115 0.98812 235 1.55
6.3 Total 4.0 Scribner 8.907E-Q5 2.3617 1.3213 0.99593 235 1.87

6.4 Merch. 8.0 Scribner 5.851E-Q4 2.0105 1.1743 1.00446t 235 5.82
6.5 Merch. 6.0 Scribner 3.802E-Q4 2.1281 1.1860 1.00019t 235 3.10
6.6 Merch. 4.0 Scribner 3.120E-Q4 2.1813 1.1964 0.99847 235 1.86

6.7 Total 8.0 Int'll/4 6.843E-Q5 2.6117 1.2740 0.98579 170 2.08
6.8 Total 6.0 Int'll/4 1.017E-Q5 2.4274 1.2904 0.99099 235 1.50
6.9 Total 4.0 Int'll/4 1.085E-Q4 2.3985 1.2924 0.99181 235 1.54

6.10 Merch. 8.0 Int'll/4 7.510E-Q4 2.0720 1.1290 0.99848 t 235 4.95
6.11 Merch. 6.0 Int'I 1/4 4.882E-Q4 2.1912 1.1422 0.99534 235 1.91
6.12 Merch. 4.0 Int'll/4 4.051E-Q4 2.2064 1.1585 0.99488 235 0.99

6.13 Total 4.0 Cubic 1.568E-Q3 2.1117 0.99395 0.99688 235 0.10
6.14 Total 0.0 Cubic 1.800E-Q3 2.0549 0.9959 0.99846 235 0.11

6.15 Merch. 4.0 Cubic 3.770E-Q3 1.9591 0.9193 1.00005t 235 1.10

TABLE 7. VOLUME EQUATION COEFFICIENTS FOR EQUATION (2)
FOR WHITE FIR (1.0-FOOT STUMP)

Set Top No. of
No. Height* dib Log rule bo b l bl bs trees MSE

7.1 Total 8.0 Scribner 9.396E-Q5 2.4786 1.2537 0.98971 2030 9.97
7.2 Total 6.0 Scribner 1.170E-Q4 2.4000 1.2550 0.99131 2221 7.97
7.3 Total 4.0 Scribner 1.414E-Q4 2.3337 1.2553 0.99266 2221 7.72

7.4 Merch. 8.0 Scribner 5.811E-Q4 1.9949 1.2376 0.99580 2205 23.39
7.5 Merch. 6.0 Scribner 4.576E-Q4 2.0727 1.2194 0.99552 2221 13.65
7.6 Merch. 4.0 Scribner 3.001E-Q4 2.1649 1.2350 0.99440 2221 11.47

7.7 Total 8.0 Int'l 1/4 2.247E-Q4 2.2153 1.2410 0.99468 2030 7.56
7.8 Total 6.0 Int'II/4 2.667E-Q4 2.1533 1.2430 0.99589 2221 6.25
7.9 Total 4.0 Int'II/4 2.836E-Q4 2.1290 1.2445 0.99639 2221 6.39

7.10 Merch. 8.0 Int'll/4 1.322E-Q3 1.7387 1.2313 1.00057 2205 21.80
7.11 Merch. 6.0 Int'll/4 9.939E-Q4 1.8321 1.2137 0.99996t 2221 13.47
7.12 Merch. 4.0 Int'II/4 5.887E-Q4 1.9635 1.2266 0.99807 2221 9.90

7.13 Total 4.0 Cubic 1.687E-Q3 1.9475 1.0664 0.99932 2221 4.21
7.14 Total 0.0 Cubic 1.788E-Q3 1.9289 1.0653 0.99971 2221 4.15

7.15 Merch. 4.0 Cubic 3.399E-Q3 1.7722 1.0535 1.00161 2221 11.36

tNot significantly different from 1.0
*Total height used in equation but volumes are to the tops specified. Merchantable heights

are to the tops specified for volumes.
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TABLE 8. VOLUME EQUATION COEFFICIENTS FOR EQUATION (2)
FOR RED FIR (1.G-FOOT STUMP)

Set Top No. of
No. Height· dib Log rule bo b l b2 bs trees MSE

8.1 Total 8.0 Scribner 1.522E-04 2.1052 1.4253 0.99211 886 7.12
8.2 Total 6.0 Scribner 7.510E-05 2.2783 1.4369 0.99009 886 7.20
8.3 Total 4.0 Scribner 8.959E-05 2.2078 1.4345 0.99168 886 7.52

8.4 Merch. 8.0 Scribner 2.985E-04 2.0287 1.3600 0.99290 886 7.94
8.5 Merch. 6.0 Scribner 2.359E-04 2.0582 1.3724 0.99321 886 9.11
8.6 Merch. 4.0 Scribner 1.741E-04 2.0941 1.4007 0.99281 886 7.15

8.7 Total 8.0 Int'I 1/4 1.297E-04 2.1207 1.4323 0.99260 825 6.92
8.8 Total 6.0 Int'll/4 1.573E-04 2.0504 1.4343 0.99402 886 5.57
8.9 Total 4.0 Int'll/4 1.657E-04 2.0324 1.4335 0.99448 886 5.70

8.10 Merch. 8.0 Int'11/4 7.231E-04 1.7592 1.3493 0.99793 886 6.34
8.11 Merch. 6.0 Int'l 1/4 5.272E-04 1.8074 1.3679 0.99781 886 5.06
8.12 Merch. 4.0 Int'll/4 3.486E-04 1.8759 1.4002 0.99665 886 4.93

8.13 Total 4.0 Cubic 1.142E-03 1.8857 1.2033 0.99717 886 7.27
8.14 Total 0.0 Cubic 1.195E-03 1.8702 1.2034 0.99748 886 7.17

8.15 Merch. 4.0 Cubic 2.179E-03 1.7398 1.1771 0.99954 886 7.59

TABLE 9. VOLUME EQUATION COEFFICIENTS FOR EQUATION (2)
FOR INCENSE-CEDAR (1.G-FOOT STUMP)

Set Top No. of
No. Height· dib Log rule bo b l b2 bs trees MSE

9.1 Total 8.0 Scribner 4.384E-05 2.7966 1.1266 0.98661 512 4.88
9.2 Total 6.0 Scribner 6.144E-05 2.6885 1.1237 0.98855 554 4.29
9.3 Total 4.0 Scribner 7.882E-05 2.5998 1.1200 0.99016 554 4.73

9.4 Merch. 8.0 Scribner 2.391E-04 2.3627 1.1104 0.99124 554 10.51
9.5 Merch. 6.0 Scribner 2.540E-04 2.3454 1.0861 0.99289 554 5.84
9.6 Merch. 4.0 Scribner 1.944E-04 2.4106 1.0844 0.99241 554 4.74

9.7 Total 8.0 Int'l 1/4 1.038E-04 2.5355 1.1249 0.99063 512 3.11
9.8 Total 6.0 Int'll/4 1.447E-04 2.4291 1.1221 0.99255 554 2.60
9.9 Total 4.0 Int'll/4 1.472E-04 2.4209 1.1236 0.99267 554 2.60

9.10 Merch. 8.0 Int'l 1/4 4.887E-04 2.1489 1.1104 0.99440 554 8.68
9.11 Merch. 6.0 Int'll/4 4.845E-04 2.1559 1.0850 0.99563 554 4.10
9.12 Merch. 4.0 Int'11/4 3.544E-04 2.2354 1.0827 0.99496 554 2.33

9.13 Total 4.0 Cubic 1.749E-03 2.0973 0.9042 0.99790 554 0.25
9.14 Total 0.0 Cubic 1.930E-03 2.0677 0.9017 0.99848 554 0.20

9.15 Merch. 4.0 Cubic 3.516E-03 1.9292 0.8827 1.00030 554 1.11

*Total height used in equation but volumes are to the tops specified. Merchantable heights
are to the tops specified for volumes.
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TABLE 10. RATIO OF TREE VOLUME EQUATION TO STEM TAPER
VOLUME BYSPECIES,* DBH CLASS,t AND HEIGHT CLASst

Species Height Class (midpoint in feet)

obs. DBH 30 50 . 70 90 110 130 150 170 190 210 230

DF 15 1.01 1.02 1.00 1.00 1.00 1.00
962 25 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

35 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
45 1.00 1.00 1.00 1.00 1.00 1.00 1.00
55 1.00 1.00 1.00 1.00 1.00 1.00
60+ 1.00 1.00 1.00 1.00 1.00

PP 15 1.07 1.03 1.02 1.02 1.01 1.00 1.2 1.01
1845 25 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99

35 0.99 1.00 1.00 1.00 1.00 1.00 1.00
45 1.00 1.00 1.00 1.00 1.00 1.00 1.00
55 1.00 1.00 1.00 1.00 1.00 1.00 1.01
60+ 1.00 0.99 1.00

JP 15 1.03 1.02 1.02 1.00 1.01 1.01
993 25 1.00 1.00 1.00 1.00 1.00

35 1.00 1.00 1.00 1.00 1.00 1.00 1.00
45 1.00 1.00 1.00 1.00 1.00 1.00 1.00
55 1.00 1.00 1.00

SP 15 1.06 1.04 1.02 1.01 1.00 1.00
552 25 1.02 1.01 1.00 1.00 1.00 0.99

35 1.00 1.00 1.00 1.00 0.99
45 1.00 1.00 1.00 1.00 1.00
55 1.00 1.00 1.00 1.00 1.00 1.00
60+ 1.00 1.00 1.01

LP 15 1.02 1.00 1.00 1.00 1.00
266 25 0.98 1.00 1.00 1.00 1.00 1.00 1.00

35 1.00 1.00 1.00 1.00
45 1.00

WF 15 1.00 1.03 1.02 1.00 0.98 0.89
2294 25 0.97 0.98 1.00 1.01 1.00 0.99 0.99 0.93

35 0.96 0.99 1.00 1.00 1.00 1.00 0.98 0.95
45 0.98 0.99 1.00 1.00 1.00 1.00 0.98
55 0.98 0.99 1.00 1.00 1.00 1.00 1.00
60+ 0.99 1.00 1.00

RF 15 0.98 1.00 1.01 1.01 1.00
904 25 0.96 0.99 1.00 1.00 0.99 0.97 0.94

35 0.96 0.99 1.01 1.01 0.99 0.98
45 0.99 1.00 1.01 1.01 1.00 0.98 0.94
55 1.00 1.01 1.01
60+ 0.95 1.00

IC 15 1.01 1.00 1.00 0.99 0.98
573 25 1.03 1.01 1.00 1.00 1.00 1.00 0.99

35 1.01 1.00 1.00 1.00 1.00
45 1.00 1.00 1.00 1.00
55 1.00 1.00 1.00 1.00
60+ 0.99 1.00

*Two-Ietter species codes represent Douglas-fir, ponderosa pine, Jeffrey pine, sugar pine,
lodgepole pine, white fir, red fir, and incense-eedar, respectively.

"Ien-inch diameter classes are 10.0 to 19.9, 20.0 to 29.9, ... , 50.0 to 59.9, and 60.0 inches and
greater, respectively.

tTwenty-foot height classes are 20 to 39.9, 40 to 59.9, ... , 200.0 to 219.9, and 220.0 feet and
taller, respectively.
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TABLE 11. APPENDIX A TABLES BY SPECIES, TOP DIAMETER (INCHES), MERCHANT-
ABLE OR TOTAL HEIGHT, AND SCRIBNER BOARD FOOT OR CUBIC FOOT VOLUMES

Species

Volume Top Height DF pp JP SP LP WF RF Ie

Appendix A number

Scribner 4 total 1 2 3 4 5 6 7 8
Scribner 6 total 9 10 11 12 13 14 15 16
Scribner 8 total 17 18 19 20 21 22 23 24
Scribner 4 merch 25 26 27 28 29 30 31 32
Scribner 6 merch 33 34 35 36 37 38 39 40
Scribner 8 merch 41 42 43 44 45 46 47 48
Cubic 0 total 49 50 51 52 53 54 55 56
Cubic 4 total 57 58 59 60 61 62 63 64
Cubic 4 merch 65 66 67 68 69 70 71 72
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APPENDIX B. LIST OF PACKED MS-DOS FILES CONTAINING TABLESAND PROGRAMS

A diskette with the computer files used in the preparation of the volume tables is available from
the authors. The contents of the diskette include the the following "zipped" files. To access
these files use pkunzip.exe, for example:

pkunzip ucvolume.zip [return].

PKUNZIP.EXE
UCVOLUME.ZIP
LOGVOL.ZIP

LOGVOLPRZIP
POSVOL.ZIP

POSPROG.ZIP
TOTALPR.ZIP
MHTPROG.ZIP
MERCHHT.ZIP

TOTALHT.ZIP

COUNT.ZIP

Program to decompress the following compressed files.
Program and source code for computing volume tables.
Volume tables by number of logs, top diameter, log rule, species, and

DBH.
Program and source code for computing tables in LOGVOL.ZIP.
Volume tables by number of logs, log position, top diameter, log rule,

DBH, and species.
Program and source code for computing tables in POSVOL.ZIP.
Program and source code for computing tables in TOTALHT.ZIP.
Program and source code for computing tables in MERCHHT.ZI~

Volume tables by DBH, merchantable height, top diameter, log rule,
and species.

Volume tables by DBH, total height, top diameter, log rule, and
species.

Tables of number of trees by species, DBH, and total height.

Directories of Zipped files:

LOGVOL.ZIP
LOG4INT.OUT

LOG4SCR.OUT
LOG6INT.OUT
LOG6SCR.OUT
LOG8INT.OUT
LOG8SCR.OUT

POSPROG.ZIP
COFILTAP
COFILTIP.PRN
PROGMHT4.EXE
PROGMHT4.FOR
SCRIBNER.PRN
TAPER.FOR
TOTALHT.FOR
VOL_INTL.FOR

UCVOLUME. ZIP
COFILTAP
COFILTI~PRN

CUBIC.FOR
MERCHHT5.FOR
MHT_V_D.FOR
SCRIBNER.PRN
TAPER.FOR
THT_V_D.FOR

LOGVOLPR.ZIP
COFILTAP
COFILTIP.PRN
PROGMHT3.EXE
PROGMHT3.FOR
SCRIBNER.PRN
TAPERFOR
TOTALHT.FOR
VOL_INTL.FOR
VOL_SCRB.FOR
VOL_SCRB.FOR

POSVOL.ZIP
POS4INT.OUT
POS4SCROUT
POS6INT.OUT
POS6SCROUT
POS8INT.OUT
POS8SCR.OUT

TOTALHT.FOR
UCVOLUME.EXE
UCVOLUME.FOR
VOLRATIO.FOR
VOLTAB.FOR
VOL_COEF
VOL_INTL.FOR
VOL_SCRB.FOR

MERCHH7:ZIP
MHT4CUB.OUT
MHT4INT.OUT
MHT4SCR.OUT
MHT6I NT.OUT
MHT6SCR.OUT
MHT8INT.OUT
MHT8SCR.OUT

1VTALH7:ZIP
THTOCUB.OUT
THT4CUB.OUT
THT4INT.OUT
THT4SCROUT
THT6INT.OUT
THT6SCROUT
THT8INT.OUT

COUN7:ZIP
INCENCED.CNT
JEFFPINE.CNT
LODGEPOL.CNT
PONDPINE.CNT
README.CNT
REDFIR.CNT
SUGARPIN.CNT
WHITEFIR.CNT

MHTPROG.ZIP
COFILTAP
COFILTIP.PRN
CUBIC.FOR
MHT_V_D.EXE
MHT_V_D.FOR
SCRIBNER.PRN
TAPERFOR
TOTALHT.FOR
VOL_INTL.FOR

1VTALPR.ZIP
COFILTAP
COFILTIP.PRN
CUBIC.FOR
MERCHHT5.FOR
SCRIBNER.PRN
TAPER.FOR
THT_V_D.EXE
TOTALHT.FOR
VOL_INTL.FOR
VOL_SCRB.FOR
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