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Abstract Volume equations for thirteen species of California hardwoods were developed from 
measurements of 766 sample trees from all parts of the state. The species included: 
bigleaf maple (Acermacrophyllum Pursh), Pacific madrone (Arbutus menziesii Pursh), 
giant chinkapin (Castanopsis chrysophylla (Dougl.) A. DC.), tanoak (Lithocarpus 
densiflorus (Hook. & Arn.) Rehd.), coast live oak (Quercus agrifolia Nee), canyon live 
oak (Quercus chrysolepis Liebm.), blue oak (Quercus douglasii Hook. & Arn.), 
Engelmann oak (Quercus engelmannii Greene), Oregon white oak (Quercus garryana 
Dougl. ex Hook), California black oak (Quercus kelloggii Newb.), California white oak 
or valley Oak (Quercus lobata Nee), interior live oak (Quercus wislizeni A. DC.), and 
California-laurel (Umbellularia californica (Hook. & Arn.) Nutt.). 

Measurements were taken of standing trees using a Spiegel Relaskop. English and 
metric equations for three utilization standards were developed for each species: (1 ) 
total tree volume (all stem and branch wood plus stump and bark); (2) wood volume 
(all wood inside bark from stump to 10 cm (4 in) top outside bark); and (3) saw-log 
volume for trees 28 cm (1 1 in) diameter at breast height and larger (straight sections 
from stump to 23 cm (9 in) top outside bark). Diameter and height were found to be 
good predictors of total volume and wood volume. An indicator variable representing 
whether or not the first segment was merchantable, in addition to diameter and height, 
was found to be a good predictor of saw-log volume for eight of the species. 
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Introduction 

Background 

There IS a vast hardwood resource in California. It is estimated1 that together all 
hardwood species occupy 5-6 million hectares (1 2-1 5 million acres). Hardwood forest 
types cover 1.1 million hectares (2.8 million acres) of the 6.6 million hectares (1 6.3 
million acres) of commercial forest lands (excluding parks and wilderness areas) in 
California. In addition, hardwood trees account for 10 percent or more of the stocking 
on 1 .I million hectares (2.7 million acres) of commercial conifer types (Bolsinger 1979). 
In a recent study the gross volume of hardwoods in the hardwood forests and woodlands 
In four central coast counties alone was estimated at 24.7 million cords or 56 million 
cubic meters of wood (two billion cubic feet at 80 cubic feet of wood per standard cord) 
(Pillsbury and Brockhaus 1981). We have estimated that hardwoods amount to-about 
26 percent of the total wood volume in California's forests (approximately 18 billion cubic 
feet). 

In the past, little has been done to manage native California hardwoods because of the 
limited market for most hardwood products. The selective cutting of conifers in mixed 
stands has led to a 34-percent increase in cubic-foot volume of oaks and a 29-percent 
decrease in conifers since 1953 (Bolsinger 1979). 

With the increasing demand for hardwood for fuel, energy, wood fiber, lumber, and 
noncohsumptive uses such as wildlife, watershed protection, and aesthetics 
.(~sher,* Barrett, 1979, Bolsinger 1979, Crail, 3Smith 1981, Tillman 1978, Verner 1979), 
information on the distribution and volume of California's hardwoods is needed to 
manage the resource. Estimates of standing tree volumes are needed to inventory 
forests for management purposes, forest valuation, and taxation. 

Only a few volume equations have been published for native California hardwoods and 
all have been developed for local or regional use. Existing equations have been reported 
by several authors: Wiant and Berry (1965)-tanoak; Hornibrook and others 
(1 950)-California black oak, Oregon white oak, Pacific madrone, and tanoak; Pillsbury 
and Stephens (1978)--coast live oak, blue oak, and tanoak; Harrington and others 
(1 979)--California white oak. Local volume equations have been developed by 
McDonald (1 983) for Pacific madrone, tanoak, and California black oak. Pillsbury and 
Stephens (1978) developed a methodology to estimate volume in standing trees with 
multiple stems and irregular forms. 

Reliable volume equations already exist for red alder (Alnus rubra Bong.), a commercial 
hardwood in California and the Pacific Northwest (Browne 1962, Curtis and others 1968, 
Johnson and others 1949, Skinner 1959, Turnbull and others 1963). Volume equations 
for bigleaf maple also exist, but were developed for use in British Columbia 
(Browne 1 962). 

' Personal communication, 1982, Charles L. Bolsinger, Pacific 
Northwest Forest and Range Experiment Station, Portland, Oregon. 

Presentation at the Hardwood lnventory and Utilization workshop, 
- 

1982, "Hardwood utilization and marketing in southern California," 
by James E. Asher, Natural Resources Management Department, 
California Polytechnic State University, San Luis Obispo. 

Presentation at the Hardwood lnventory and Utilization workshop, 
1982. "Demand for hardwoods as a raw material for pulping 
processes," by Miles Crail, Natural Resources Management 
Department, California Polytechnic State University, San Luis 
Obispo. 



Figure 1 .--Geographic range of 
the thirteen hardwood species in 
California (after Plumb 1979 and 
Grim and Critchfield 1972). 

None of the equations, except those for red alder, are considered suitable for a statewide 
forest inventory because of the inconsistency in measurement standards and the 
possibility that they may be unreliable outside of the area for which they were developed. 
In this study, volume equations for thirteen major hardwood species were developed 
(fig. 1) from data collected on sample trees distributed throughout their natural ranges 
in California. Equations were developed for: ( I )  total tree volume (all stem and branch 
wood plus stump and bark); (2) wood volume (wood inside bark from stump to 10 em 
(4 in) top outside bark); and (3) saw-log volume for trees 28 cm (1 1 in) diameter at 
breast height (d. b. h.) and ~arger.~ 

All measurements were taken in metric units. English units shown 
in the text are rounded to the nearest unit. 



The species included in this study are: 

Scientific namelaut hor Common name 

Acer macrophyllum Pursh 
Arbutus menziesii Pursh 
Castanopsis chrysophylla (Dougl.) A. DC. 
Lithocarpus densiflorus (Hook. & Am.) Rehd. 
Quercus agrifolia Nee 
Quercus chrysolepis Liebm . 
Quercus douglasii Hook. & Arn. 
Quercus engelmannii Greene 
Quercus garryana Dougl. ex Hook. 
Quercus kelloggii Newb . 
Quercus lobata Nee 
Quercus wislizeni A. DC. 
Umbelbkria californica (Hook. & Arn .) Nutt . 

Bigleaf maple 
Pacific madrone 
Giant chinkapin 
Tanoak 
Coast live oak 
Canyon live oak 
Blue oak 
Engelmann oak 
Oregon white oak 
California black oak 
California white oak (valley oak) 
Interior live oak 
California-laurel 

Methodology The volume equations developed for each species are expressed in cubic feet and cubic 
Utilization Standards and meters for three utilization standards (fig. 2). 
Measured Variables 

1. Total volume: includes all stem and branch wood plus stump and bark; excludes 
roots and foliage. 

2. Wood volume: computed from stump height (0.3 m (1 ft)) to a 10-cm (4-in) top outside 
bark; excludes roots, bark, and foliage. 

3. Saw-log volume: computed for trees 28 cm (1 1 in) d.b.h. and larger; volume computed 
from stump height to a 23-cm (9-in) top outside bark for straight sections 2.5 m 
(8 ft) long; excludes roots, bark, and foliage. 

k 
Figure 2.-Tree segments used in 
volume assessment. 06 = 
outside bark. 

reaks Into Forks 

1 



Sample Design Each species was sampled throughout its natural range in California based on maps 
developed by Griffin and Critchfield (1972). The state was divided into six geographic 
regions: northern coast, northern interior, central coast, central interior, southern coast, 
and southern in ter i~r .~ The percentage of trees sampled in each region was proportional 
to the approximate area each species occupies in the region. 

Trees were sampled in areas of varying site qualities, stand densities, and topography. 
Trees were not sampled east of the Sierra Nevada and Cascade Range because few 
hardwoods occur there. 

A desirable sample size for each species was 60 trees, for a total of approximately 780 
trees to be measured statewide for the 13 species studied. Experience has shown that 
a sample of this size is normally satisfactory for estimating regression coefficients and 
testing for adequacy of the model for the three utilization standards. 

Sample Tree Selection in sample areas, trees were selected to represent a range of diameters, heights, growth 
forms, stand structures, and topography. Sound trees 12.7 cm (5 in) in diameter, or 
larger, at breast height were selected. Decadent trees and trees with major defects 
were avoided. 

Tree and Site Sample tree variables measured in the field are summarized in table 1. Total height was 
Measurements measured from ground level to the tip of the tree. Habit class ratings developed by 

Pillsbury and Stephens (1 978) were assigned to each tree sampled (fig. 3). A numerical 

Unpublished Master's Thesis, 1982, Michael L. Kirkley, California 
Polytechnic State University, San Luis Obispo. 

Table l--Summary and measurement description of sample tree variables 

Variable Units 

Diameter at 
breast height 

Stump diameter 

Height 

Single bark thickness 

Habit class 

Stand density 

Site quality 

class 
1 -5 

class 

Measurement description 

Diameter of main stem at 1.37 meters 
(4.5 ft) measured to the nearest tenth 
with a D-tape. 
Diameter of main stem at 0.3 meters 
(1 ft) measured to the nearest tenth 
with a D-tape. 
To the terminal-most leader 
determined by Relaskop on the uphill 
side to the nearest tenth. 
Measured to the nearest tenth at 
breast height (1.37 m) (4.5 ft) with a 
ruler. 

Defined by branching pattern. 
1 = conifer-like form; 
5 = multi-branching form with many 
forks (fig. 3). 

Cross-sectional area of trees at d. b. h 
measured using a Relaskop (basal 
area factor of 4). 
H = high; M = medium; L = low 



Figure 3.-Five habit classes 
were used for evaluating tree form 
and branching complexity (from 
Pillsbury and Stephens 1978). 

rating of one to five was recorded to indicate the complexity of branching: a rating of 
one indicated an excurrent growth form with one main bole and one or two lateral 
branches, and a rating of five indicated a deliquescent growth form with complex 
branching (fig. 3). Stump diameters were measured to compute the volume of the first 
segment; bark thickness was measured to develop relationships between diameter at 
inside bark (d.i.b.) and diameter at outside bark (d.0.b.) for computing underbark volume 
and developing wood and saw-log volume equations. 

Basal area per hectare and site quality data were recorded to describe the range of 
stand densities and sites of the sample trees. In areas with recent logging activity basal 
area was computed by counting both standing trees and stumps to estimate basal area 
prior to timber harvesting. Site quality was a subjective rating of high, medium, and low. 
Stand density, associated vegetation, soil depth, and tree form were used as guides to 
estimate site quality. 



Tree Volume 
Measurement 

Figure 4.-Tree volumes were 
calculated from segment lengths 
and diameters. 

For volume measurement, the branching pattern was defined on a segment basis. 
Segment length and the diameters at each end were measured using a Spiegel Relaskop 
(Dilworth 1981). Segment length was determined from coordinates measured at both 
ends of each segment. Each tree was divided into segments based on four criteria: 

1. Segments were defined as the distance from fork to fork in trees with very complex 
branching pattern such as segment 11, figure 4. 

2. If a branch had sweep or crook, segments were meaured to obtain a straight log 
length such as in segments 3 and 5. 

3. Segments were defined if abrupt changes in taper were apparent such as in segments 
16 and 17. 

4. If a tree had an excurrent growth form the maximum segment length was 
approximately 3 m (1 0 ft). 



Saw-log tree segments had to be at least 2.5 m (8 ft) long, with a small end diameter 
of 23 cm (9 in). If swelling was present on the stem, diameter measurements were taken 
slightly above or below the abnormality. Branches not growing vertically were assigned 
an angle (estimated to the nearest 5 degrees from horizontal) and segment length was 
calculated. Segments growing less than 30 degrees from horizontal were measured by 
projecting their length to the ground and measuring with a cloth tape held parallel to 
the branch angle. Terminal branches were measured from a 10-cm (4-in) diameter to 
the tip. All terminal branches were tallied and an average length to the nearest 0.5 m 
(20 in) was recorded. 

Computation of Segment volumes were computed from Relaskop coordinate and diameter measure- 
Sample Tree Data ments in cubic meters using Smalian's formula. Segment volumes were summed to 

obtain gross volume for each tree up to a 10-cm (4-in) top. Terminal branch v~lume 
was computed as a paraboloid. 

Regression equations estimating d.i.b. from d.0.b. were developed for each species 
using bark thickness sample data (table 2). With the exception of tanoak, it was assumed 
that the d.i.b.: d.0.b. ratio remained constant at all heights in upper stem diameters. 
Previous work by Pillsbury and Stephens (1978) showed that this relationship did not 
hold with tanoak. A separate study was done to examine how the d.i.b.: d.0.b. ratio 
changed at increasing heights in tanoak. A sample of 50 trees was measured in Santa 
Cruz and Monterey Counties. Bark thickness and d.0.b. measurements were made at 
0.3 m (1 ft), 1.37 m (4.5 ft), 2.74 m (9 ft), and 5.18 m (17ft) on standing trees. The 
results of the study show that the wood tapers more with height than the bark does. A 
multiple regression equation was developed for tanoak to estimate d.i.b. at any height 
(DIB,) using DOB, and its height above ground (H): 

DIB, = -4.36852 + 0.95354 (DOB,) + 0.18307 (H) 
N = 201 height points on 50 trees; F12 = 0.962; SE = 1.16. 

Error and Outlier A simple linear regression model using tree basal area times height (volume of a cylinder) 
Analysis to estimate volume was computed and plotted to analyze the data for linearity and detect 

any outliers. Also, d.b.h. was plotted against both volume and total height, and total 
height was plotted against volume to detect possible errors in the data sets. This was 
necessary to guard against compensation errors (for example, a case where basal area 
is too small and height too large, but basal area times height appears normal). 

Extreme values were analyzed using a t-test. Lund's (1 975) standardized residuals were 
computed and compared to tables for an approximate test for outliers. A total of 13 
trees out of 779 trees sampled (1.7 percent) was determined to be outliers and were 
dropped from the analyses. 



Table 2-Equations for estimating diameter inside bark based on measurea 
diameter outside bark for 1 3 California hardwoods 

BIGLEAF MAPLE 
018 = 0.21235 + 0.94782(008) 61 0.995 0.94 

CALIFORNIA BLACK OAK 
DIB = -0.68133 + 0.95767 (DOB) 60 -997 1.20 

BLUE OAK 
DIB = -0.44003 + 0.94403 (QOB) 60 .995 . 99 

CANYON LlVE OAK 
DIB = -0.48584 + 0.961 47 (DOB) 57 .996 .81 

GIANT CHINKAPIN 
DIB = 0.39534 + 0.90182 (DOB) 60 .986 1 -53 

COAST LlVE OAK 
DIB = -1.92379 + 0.93475 (DOB) 60 .992 1.47 

ENGLEMANN OAK 
DIB = -1 39573 + 0.92472 (008) 61 992 1.23 

INTERIOR LlVE OAK 
DIB = 0.12237 + 0.92953(008) 58 .995 1.27 

CALIFORNIA-LAUREL 
Dl6 = -0.32491 + 0.96579 (DOB) 60 998 .67 

PACIFIC MADRONE 
DIB = -0.03425 + 0.981 55 (006) 60 .999 .46 

OREGON WHITE OAK 
DIB = -0.78034 + 0.95956 (DOB) 60 -995 1.19 

CALIFORNIA WHITE OAK 
DIB = -0.97254 + 0.93545 (006) 60 -995 1.35 

TANOAK 
Dl& = -4.36852 + 0.95354 (DO&) + 0.18307 (H) 

N = 201 height points on 50 trees; R~ = 0.962; SE = 1.1 6 

S€ = Standard error of estimate in cm. 
DIB = diameter inside bark (cm). 
008 = diameter outside bark (cm). 
Dl&, = diameter inside bark at any height. 
DO&, = diameter outside bark at any height. 
H = "height above ground. 



Analysis 
Development 
of Volume Eq 

Mult~ple regresslon equations were developed for total, wood, and saw-log volumefrom 
sample tree var~ables. Volume equations were developed for the 13 species in units of 

uations cub~c feet and cub~c meters. A log,, transformation of volume and tree variables was 
used In develop~ng the regression model to linearize the data and equalize the variation 
about the regression line. 

Total and wood volume equations.-Tree volume was tested as a function of diameter 
at breast height, total height, stand density, and habit class. Diameter at breast height 
and total tree height were found to be the best predictors of total volume and wood 
volume. Stand density and habit class contributed little to the prediction of total and 
wood volume and were dropped from the model. 

Multiple coefficient of determination (R') values exceeded 0.92 in all total and wood 
volume equations, indicating a strong relationship (tables 3 and 4). 

Table &English equations for total, wood, and saw4og volumes for California hardwoods 
-- 

Spec~es Equation R2 N SE 

BIGLEAF TVOL = .0101786350 ( D B H ~ - ~ ~ ~ ~ ~ )  ( H P - ~ ~ ~ ~ ' )  0.944 6 1 45.4 

MAPLE WVOL =. .0034214162 ( H P  69586) -924 61 48.4 

SVOL = .0004236332 (D6H2.103' 6, (HT' .08584) (1V 7, .767 26 53:7 

CALIFORNIA TVOL = .0070538108 (DBH' .97437) ( H P - ~ ~ )  .971 59 43.1 

BLACK OAK WVOL = .0036795695 ( D B H ~ . ' ~ ~ ~ ~ )  (HP -') .962 60 45.2 

SVOL = .0012478663 (DBH~--~) ( H P - ~ ~ ~ )  ( l v  28385) -929 38 47.7 

BLUE 

OAK 
TVOL = .0 1 25 1 03008 ( D B H ~ - ~ ~ ~ ~ ~ )  ( H P - ~ '  O0) -971 60 43.0 

WVOL = .0042324071 ( D B H ~ - ~ ~ ~ ~ ~ )  ( H P - ~ ~ ~ ' )  .970 60 44.1 

SVOL = .0036912408 ( D B H ' . ~ ~ ~ ~ )  ( H P  83884) (IVO 15-) .826 32 46.0 

CANYON TVOL = .0097438611 (DBH2.-) (HP"* lgO) .978 58 41.8 

LIVE OAK WVOL = .0031670596 ( D B H ~ - ~ ~ ~ " )  (HPm7-) -980 58 42.0 
* SVOL = .0006540 1 ~ ~ ( D B H ~ . ~ ~ ~ )  ( H P - ~ ~  358) (IV~.-') .884 68 48.4 

GIANT TVOL = .0120372263 (DBH".~*~~)  ( H P . ~ )  
CHlNKAPlN WVOL = .0055212937 ( D B H ~ - ~ ~ ~ ~ ~ )  ( H P - ~ ~ ~ ~ )  

SVOL = ,001 89851 1 1 ( H P - ~ " ~ )  

COAST TVOL = .0065261029 (DBH~.~ '  958) ( H P - ~ ~ ~ ~ ~ )  
LIVE OAK WVOL = .0024574847 (DBH~--~)  

SVOL = .0006540144 (DBH~-~-~)  ( H P - ~ ' ~ ~ )  (I@).-') 

ENGELMANN TVOL = .0191453191 (DBH~.~'~*) ( H P . ~ ~ ~ )  
OAK WVOL = .0053866353 ( D B H ~ - ~ ' ~ )  ( H P . ~ '  lo3) 



Tale *English equations for total, wood, and saw-log volumes for California hardwoods, continued 

Species Equation R~ N SE 

INTERIOR TVOL = .0136818837 ( ~ 7 . ~ ~ ~ ~ ~ )  0.971 58 42.7 

LIVE OAK WVOL = .0041192264 (DBH~ . ' ~~ '  5, ( H P - ~ ~ ~ )  .967 58 44.0 
* SVOL = .0006540144 ( D B H ~ . ~ ~ ~ ~ ~ )  (lvO.-') .884 68 48.4 

/ 

CALIFORNIA ,NOL = .0057821322 (DBH' .94553) (HP -') 
LAUREL WVOL = .0016380753 (DBH~.'~~' ') (HT' .052a3) 

SVOL = .0007741517 ( D B H ~ - ~ ~ ~ ~ ~ )  (HT' -03700) 

PACIFIC 
MADRONE 

OREGON 

WHITE OAK 

TANOAK 

CALIFORN lA 
WHITE OAK 

WOL = .0067322665 ( D B H ' - ~ ~ ~ ~ ~ )  ( H P . ~ ~ ~ ~ )  

WVOL = .0025616425 (DBH' .g9295) (HT' 
SVOL = .0006181530 (DBH' .72635) (HT' .2m2) (1\10 37867) 

TVOL = .0072695058 (DBH2.' 432') ( H P . ~ ~ ~ ~ ~ )  

WVOL = .0024277027 ( D B H ~ . ~ ~ ~ ~ ~ )  ( H P . ~ ~ '  08) 

SVOL = .0008281647 (DBH2.' 0g5' ) (HP.~ '  2' 5, ( 1 \ 1 0 - ~ ~ ~ ~ )  

N O L  = .0058870024 (DBH'.~~' 65) ( H P - ~ ~ ~ ~ ~ )  
WVOL = .0005774970 ( D B H ~ . " ~ ~ ~ )  (HT' .14078) 

SVOL = .0002526443 ( D B H ~ - ~ ~ ~ ~ ~ )  ( H T ' - ~ ' ~ ~ ~ )  

WOL = .0042870077 (DBH ' .~~~~ ' )  ( H P . ~ ~ ~ ~ ~ )  

WVOL = .0009684363 (DBH2.39565) ( H P - ~ ~ ~ ~ ~ )  

SVOL = .0001880044 (DBH' .87346) (HT' -62443) 

SE 
WOL 
WVOL 
SVOL 
DBH 
HT 
IV 

= the standard error of the estimate in cubic feet. 
= 'total tree volume in cubic feet. 
= wood volume in cubic feet. 
= saw-log volume in cubicfeet. 
= diameter at breast height in inches. 
= total height in feet. 
= an indicator variable (1 = non-merchantable first segment; 

10 = merchantable first segment). 
Combined equation for sawlog volumes for canyon live oak, interior live oak, 

and coast live oak. 



Table &Metric equations for total, wood, and saw-log volumes for California hardwoods 

Species Equation R~ 

BIGLEAF N O L  = .0000718042 (DBH~."~~*) 0.944 
MAPLE WVOL = .0000246916 ( D B H ~ . ~ ~ ~ )  ( H P - ~ ' ~ )  .924 

SVOL = .0000061361 (DBH2.' W16) ( H T ' . ~ ~ " )  ( I V O . ~ ~ ~ )  .767 

CALIFORNIA TVOL = .0000870843 (DBH1 .97U7) (HP-~-) .971 
BUCK OAK WVOL = .0000386403 (DBH~.' 2936) (HP.-') .962 

SVOL = .0000048067 (DBH2-saOgs) ( H P - ~ ~ ~ ~ ~ )  (IV'.'~~) .929 

'BLUE 

OAK 

TVOL = .0000697541 ( D B H ~ . ~ ~ ~ ~ )  ( H P - ~ ' ~ ~ )  .971 
WVOL = .0000204861 (DBH'-~~"~) ( H P - ~ ~ ~ " )  ,970 

SVOL = .0000530200 (DBH1 -79732) ( H P . ~ ~ ~ ~ ~ )  ( lp - I  "=) .826 

CANYON N O L  = . 0 0 0 0 7 3 0 7 1 8 ( ~ B H ~ . ~ ~ ~ ~ ~ ) ( H P - ~ ~ ~ ~  .978 

LIVE OAK WVOL = .WOO248325 ( D B H ~ - ~ ~ ~ " )  (HP 7-) .980 
* SVOL = . 0 0 0 0 0 6 0 0 9 5 ( ~ ~ ~ ~ - ~ * ~ )  ( H P - ~ ' ~ ~ ~ )  (IV.-~) .884 

GlANT TVOL = .0001169607 (HP -) 
CHlNKAPlN WVOL = .0000568810 ( D B H ~ . ' ~ ~ )  

SVOL = .0000145764 (DBH~--~~) ( H P - ~ ~ O ~ )  

COAST TVOL = .WOO446992 (DBH~.~' g58) (HP 62528) .968 
LIVE OAK WVOL = .0000135114 ( D B H " ~ ~ ~ ~ ~ )  ( H P . * ~ ~ )  .971 

* SVOL = ,0000060095 ( D B H ~ . ~ ~ ~ )  (~P~l368, (IV' -') .884 

ENGELMANN TVOL = .0000805935 (DBH~.~O~*) ( H P - ~ ~ ~ )  

OAK WVOL = .0000193268 (DBW-~~  =) (HP.~' lO3) 



Table 4--Metric equations for total, wood, and saw-log volumes for California hardwoods, continued 

Species Equation FI2 N SE 

INTERIOR N O L  = .000 1 2383 1 2 (DBH".~~'~') ( H P . ~ ~ ~ ~ ~ )  0.971 58 1.21 

LIVE OAK WVOL = .0000396716 (DBH~.'~'' 5, ( H P . ~ ~ ~ ~ ~ )  .967 58 1.24 

* SVOL = .0000060095 ( D B H ~ . ~ ~ ~ ~ ~ )  ( H P . ~ ~  358) ( I P . ~ ~ ~ )  .884 68 1.37 

CALIFORNIA 
LAUREL 

PACIFIC 
MADRONE 

OREGON 
WHITE OAK 

TANOAK 

CALIFORNIA 

WHITE OAK 

TVOL = .0000763133 (DBH' .94553) (HPm-') 

WVOL = .ObOO237733 ( D B H ~ . ~ ~ "  O) (HT' -05293) 
SVOL = .0000094003 ( D B H ~ . ~ ~ ~ ~ ~ )  (HT' .037C0) 

TVOL = .000082192 1 (DBH1 .g6628) ( H P . ~ ~ ~ " )  
WVOL = ,00003781 29 (DBH' .g9295) (HT' 

SVOL = .0000157319 (DBH' .72635) (HT1 .2%462) ( I P . ~ ~ ~ ~ ~ )  

TVOL = .0000674342 (DBH"' "" ) ( H P - ~ ~ ~ ~ ~ )  
WVOL = .0000236325 ( D B H " . " ~ ~ ~ ~ )  ( H P . ~ ~ '  08) 

SVOL = .0000097284 (DBH2-'065') (HP- ' '~ '~)  ( l ~ ~ . ~ ~ ~ ~ ~ )  

TVOL = .0000763045 (DBH' -g41 65) ( ~ 7 . ~ ~ ~ ~ ~ )  

WVOL = .0000081905 ( D B H ~ . " ~ ~ ~ )  (HT' .' 4078) 
SVOL = .0000035019 ( D B H ~ - ~ ~ ~ ~ ~ )  (HT' .*' 06') 

TVOL = .0000334750 ( D B H ~ . ~ ~ ~ ~ ' )  ( H P . ~ ~ ~ ~ ~ )  

WVOL = .0000095166 (DBH~.~'"~) 
SVOL = .0000063968 (DBH' -87346) (HT' -62443) 

SE 
TVOL 
WVOL 
SVOL 
DBH 
HT 
IV 

- - - 

= the standard error of the estimate in cubic meters. 
= total tree volume in cubic meters. 
= wood volume in cubic meters. 
= saw-log volume in cubic meters. 
= diameter at breast height in centimeters. 
= total height in meters. 
= an indicator variable (1 = non-merchantable first segment; 

10 = merchantable first segment). 
Combined equation for sawlog volumes for canyon live oak, interior live oak, 

and coast live oak. 



Saw-log volume equations.-A qualitative indicator variable was used to break the 
saw-log data into two subsets: trees with a merchantable (straight, at least 2.5 m (8 ft) 
long, and free of defect) first segment, and trees without a merchantable first segment. 
A code of "1" means the first segment in nonmerchantable and a code of '-10" means 
it is merchantable. The addition of the indicator variable helped reduce the variation in 
saw-log equations for 8 of the 13 species (tables 3 and 4). This improved the precision 
of the saw-log volume equation. Species that forked below 2.5 m (8 ft) commonly had 
sweep, crook, and a multiple branching pattern, resulting in segment lengths shorter 
than 2.5 m (8 ft) and an overall lower proportion of saw-log volume. 

Of the eight species where an indicator variable was included in the model, trees with 
a merchantable first segment had an average of 2.3 times more volume than trees 
without a merchantable first segment. The regression model incorporating the indicator 
variable was not used for tanoak, chinkapin, and California-laurel because these species 
usually have merchantable first logs. Also it was not used for California white oak 
because the indicator variable added little to reduce variation in predicting saw-log 
volume. 

Saw-log equations were not developed for Engelmann oak, which has avery complex 
growth form with few straight sections. Little or no saw-log volume can be expected in 
unmanaged native stands of this species. 

Test To Combine Because of the size and irregular form of the live oak species (canyon, coast, and 
Regression Lines interior), many trees measured did not have any saw-log volume. As a result the sample 

size for developing saw-log equations for the live oak species was small. These species 
were observed to have similar growth forms and an F-test supported combining the 
data sets. The three live oak data sets were therefore combined to produce one equation 
for saw-log volume (tables 3 and 4). 

Verification of Tree Most of the sample trees were on private property and were not felled at the time of 
Volume Relaskop measurement. Pillsbury and Stephens' (1 978) method was used to chsck tree 

volumes. They cut and measured 61 trees to check the accuracy of the volumes based 
on Relaskop measurements of standing trees. They developed a simple linear regression 
equation (log,, transformation) relating standing tree volume to cut tree volume and 
obtained a multiple coefficient of determination of 0.990 (SE = 1.1 7). To validate their 
equation for use in this study, 10 additional sample trees spanning the range of diameters 
at breast height were measured. Standing tree measurements were made by the 
techniques previously discussed in this report. Then each tree was felled and measured 
with tape and caliper. A simple linear regression (log,, transformation) was developed 
relating standing tree volume to cut tree volume and compared to the Pillsbury and 
Stephens (1 978) equation. An F-test supported combining the two data sets as one 
population at the 0.99 probability level. All standing volumes were corrected using the 
Pillsbury and Stephens (1 978) equation: 

Corrected Volume (M3) = 1.1 66 (Standing Volume ( ~ 7 ) ~ - ~ ~ ~ ~  

The standing tree volumes are increased by approximately 15 percent using this 
equation, indicating that the technique used to measure standing tree volume tends to 
underestimate tree volume. 



Reliability of the 
Equations 

The average aggregate difference in percent is -2.1 for total volume, -2.8 for wood 
volume, and -5.8 for saw-log volume. An independent test was made using total volumes 
of 76 felled trees in three central coast counties. The average aggregate difference for 
the 76 trees is 1 7.0 percent. 

The reliability of the equations can be measured by the relative deviation of individual 
tree volumes from the regression surface (MacLean and Berger 1976). A measure of 
this residual variation is the root mean squared error; that is, the root of the mean 
squared difference between the predicted and actual values. This comparison, 
expressed as a percent of the mean volume, is shown in tabie 5. The root mean squared 
error difference for 76 trees of known volume in three central coast counties is shown 
in table 6. The root mean squared errors range from about 20 to 55 fur the various 
utilization standards shown in tables 5 and 6. These values are higher than those 
reported for conifers (MacLean and Berger 1976) and illustrate the greater variability in 
volume that occurs for a given diameter and height for many hardwoods. 

Table 5--R00t mean squared errors of standard volume equations for total, wood, 
and saw-log utilization standards 

Species 

Bigleaf maple 
California black oak 
Blue oak 
Canyon live oak 
Giant chinkapin 
Coast live oak 
Engelmann oak 
Interior live oak 
California-laurel 
Pacific madrone 
Oregon white oak 
Tanoak 
California white oak 

Combined: Canyon, 
interior and coast 
live oaks 

Root mean squared error 
Total volume Wood volume Sawlog volume 

N Percent 
61 36 
59 50 
60 27 
58 52 
60 45 
60 36 
61 30 
58 28 
60 24 
60 38 
60 41 
60 38 
59 20 

N Percent 
61 46 
60 56 
60 30 
58 53 
60 46 
59 39 
61 34 
58 38 
60 26 
58 39 
60 47 
59 54 
59 22 

N Percent 
24 31 
38 21 
32 36 
-n/a- 
40 20 
-n/a- 
-n/a- 

n/a = not applicable. 

Table &Results of a test of equations for 76 trees 
of known total volume from Monterey, San Luis 
Obispo, and Santa Cruz Counties 

- 

Species Root mean squared error 

Number of trees Percent 
Blue oak 26 42 
Coast live oak 35 50 
Tanoak 15 24 



Use of the Equations Following is an example showing calculations in English units of total, wood, and saw-log 
volumes for a blue oak tree with these dimensions: d.b.h. = 25.5 inches; and total 
height = 47 feet. It has a merchantable first segment: 
N O L  = .0125103008 (25.52-33089) x (47°.46100) = 140 cubic feet; 
WVOL = .0042324071 (25.52.53987) x (47°.50591) = 1 10 cubic feet; and 
SVOL = .0036912408 (25.5' -79732) x (47°.83884) x (1 0'-I 5958) = 45 cubic feet. 

Although other hardwood volume equations are available, most have been developed 
for regional or local use and incorporate various utilization standards. Volume equations 
developed for local areas may provide better estimates of tree volumes in those areas 
than the equations for the entire state. Field checking may be necessary to compare 
the accuracy of the statewide equations to local or regional sites if this use is desired. 

Volume Tables and In the appendix are tables showing calculated volumes for selected diameters and 
Range of Data heights for each of the 13 hardwood species studied. The range of measurements used 

to develop the equations is shown on each table. 
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Tables 7 through 19 are in English measurement; tables 20 through 32 are in 
metric measurement. 

Appendix 

hble 7-Total tree, wood, and saw-log volume for giant chinlcapln 

TOTAL HEIGHT (FEET) 
DIAJETER AT 
BREAST HEIGHT 
OUTSIDE BARK 1/ 2 0  3 0  4 0  5 0  6 0  7 0  8 0  9 0  1 0 0  1 1 0  1 2 0  1 3 0  1 4 0  1 5 0  

INCHES 

5: 
Tvol 
w a  
s v a  

7: 
TVOL 
YVOC 
SVOL 

9: 
tVOL 
YVOL 
5WK 

11: 
TY(K 
WOL 
SVOL 

13: 
TVOC 
w a  
SVOL 

15: 
TVOL 
W O L  
SVOL 

17: 
TYOL 
W O L  
SVOL 

19: 
TVOL 
WOL 
SVOL 

21 : 
TVOL 
WVOL 
SVOL 

2 3  : 
TVOL 
WVOL 
SVOL 

2 5  : 
TVOL 
WVBL 
SVOL 

27 : 
N O L  
WVOL 
SVOL 

29  : 
N O L  
WVOL 
SVOL 

31 : 
TVOL 1 8 3  208  231 253 
WOL 

/ 274  I 315 334 353 371 389 
141  1 6 2  1 8 3  203 222  259  277 295 312 330  

SVOL 1 3 9  1 6 0  1 8 0  1 9 9  218 237 255 272 290 307 324 

NOTE: BLOCK INDICATES RNGE OF DATA. 

1/ TVOL = TOTAL ABOVEGROUND VOLUME OF WOOD AND BARK; EXCLUDES FOLIAGE. - 
WVOL = VOLUME OF WOOD FROM A 1-FOOT STUMP TO A $-INCH TOP OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE. 

SVOL SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 8 FEET LONG TO A 9-INCH TOP OUTSIDE BARK 
ABOVE A 1 -FOOT S T W .  



Table &-Total tree, wood, and saw-log volume for California-laurel 

TOTAL HEIGHT (FEET) 
DIAMETER AT 
BREAST HEIGHT 
OUTSIDE BARK 2 0  3 0  40 5 0  6 0  7 0  8 0  9 0  1 0 0  1 1 0  1 2 0  1 3 0  140 

INCHES 

5: 
TVOL 
WVOL 
SVOL 

7 : 
TVOL 
WVOL 
SVOL 

9 : 
TVOL 
WVOL 
SVOL 

1 1  : 
N O L  
WVOL 
SVOL 

13: 
N O L  
WVOL 
SVOL 

15: 
TVOL 
WVOL 
SVOL 

- - CUBIC FEET - - - - - - - - - - - - - - - - - - - - - - 

TVOL 
WVOL 
SVOL 

19: 
N O L  
WVOL 
SVOL 

21 : 
TVOL 
WVOL 
SVOL 

23: 
TVOL 
WVOL 
SVOL 

2 5  : 
TVOL 
WVOL 
SVOL 

N O L  
wva 
SVOL 

29  : 
TVOL 
WVOL 
SVOL 

31 : 
N O L  
WVOL 
SVOL 

33: 
TVOL 
WVOL 
SVOL 

35 : 
TVOL 
WVOL 
SVOL 

37 : 
TYOL 
M O L  
SVOL 

3 9  : 
TVOL 
WVOL 
SVOL 

41 : 
TVOL 
WVOL 
SVOL 

NOTE: BLOCK INDICATES RAN6E OF DATA. 

l/TVOL = TOTAL ABOVEGROUND VOLUME OF WOOD AN0 BARK; EXCLUDES FOLIAGE. 

WVOL = VOLUME OF WOOD FROM A 1-FOOT S T W  TO A 4-INCH TOP OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE. 

SVOL W-LO6 VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 8 FEET LONG TO A 9-INCH TOP OUTSIDE BARK 
ABOVE A 1 -FOOT STUIP. 



Table 9--Total tree, wood, and saw-log volume for tanoak 

TOTAL HEIGHT (FEET) 
DIAMETER AT 
BREAST HEIGHT 
OUTSIDE BARK 11 2 0  3 0  4 0  5 0  6 0  7 0 8 0  90 100  110 120 130 140 

INCHES 

5: 
TVOL 
WOL 
SVOL 

7: 
TVOL 
WVOL 
SVOL 

9: 
TVOL 
WVOL 
SVOL 

11: 
TVOL 
WVOL 
SVOL 

13: 
N O L  
WVOL 
SVOL 

15: 
TVOL 
WVOL 
SVOL 

17: 
TVOL 
WVOL 
SVOL 

19: 
TVOL 
.WVOL 
SVOL 

21 : 
TVOL 
WVOL 
SVOL 

23: 
TVOL 
WVOL 
SVOL 

25 : 
TVOL 
WVOL 
SVOL 



TOTAL HEIGHT (FEET) 
DIAMETER AT 
BREAST HEIGHT 
OUTSIDE BARK 1_/ 2 0  3 0  4 0  5 0  6 0  7 0  80 9 0  1 0 0  1 1 0  1 2 0  1 3 0  140  

INCHES 

27: 
TYOL 
WVOL 
SVOL 

29: / 
TVOL 
WVOL 
SVOL 

31 : 
TVOL 
WVOL 
SVOL 

33: 
TVOL 
W VOL 
SVOL 

35: 
TVOL 
WVOL 
SVOL 

37: 
TVOL 
WVOL 
SVOL 

39: 
TVOL 
WVOL 
SVOL 

41 : 
TVOL 
WVOL 
SVOL . 

43: 
TVOL 
WOL 
SVOL 

45: 
TVOL 
YVOL 
SVOL 

NOTE: BLOCK INDICATES RANGE OF DATA. 

l / W L  = TOTAL ABOVEGROUND VOLUME OF WOOD AND BARK; EXCLUDES FOLIAGE. - 
WOL = VOLUME OF WOOD FROM A 1-FOOT STUMP TO A C I N C H  TOP OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE. 

S V M  = SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 8 FEET LONG TO A 9-INCH TOP OUTSIDE BARK 
ABOVE A 1 -FOOT STUMP. 



Table 10--Total tree, wood, and saw-log volume for California white oak 

TOTAL HEIGHT (FEET) 
DIAMETER AT 
BREAST HEIGHT 
OUTSIDE BARK 20  3 0 4 0  50 60 7 0  8 0  9 0  1 0 0  110  1 2 0  130  

INCHES - - - - - - - - - - - - - - - - - - - - - - C U B I C F E E T - - - - - - - - - - - - - - - - - -  

5: 
TVOL 
WVOL 
SVOL 

7: 
TVOL 
WVOL 
SVOL 

9: 
TVOL 
WVOL 
SVOL 

11: 
TVOL 
WVOL 
SVOL 

13: ' 

TVOL 
WVOL 
SVOL 

15: 
TVOL 
WVOL 
SVOL 

17: 
TVOL 
WVM 
SVOL 

19: 
TVOL 
WVOL 
SVOL 

21 : 
TV OL 
WVOL 
SVOL 

23: 
TVOL 
WVOL 
SVOL 

25: 
TVOL 
WVOL 
SVOL 



TOTAL HEIGHT (FEET) 
DIAMETER AT 
BREAST HEIGHT 
OUTSIDE BARK 1/ 2 0  3 0 4 0  5 0  6 0  7 0  80 90 100 110 1 2 0  1 3 0  

INCHES 

27: 
TVOL 
WVOL 
SVOL 
/ 

29: 
TVOL 
WVOL 
SVOL 

31 : 
TVOL 
WVOL 
SVOL 

33: 
TVOL 
WVOL 
SVOL 

35: 
TVOL 
WVOL 
SVOL 

37: 
TVOL 
WVOL 
SVOL 

39: 
TVOL 
WVOL 
SVOL 

41 : 
TVOL 
WVOL 
SVOL 

43: 
TVOL 
WVOL 
SVOL 

45: 
TVOL 
WVOL 
SVOL 

- - -  - - 

NOTE: BLOCK INDICATES RANGE OF DATA, 

1/TVOL = TOTAL ABOVEGROUND VOLUME OF WOOD AND BARK; EXCLUDES FOLIAGE. - 

WVOL = VOLUME OF WOOD FROM A 1-FOOT STUMP TO A $-INCH TOP OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE. 

SVOL = SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 8 FEET LONG TO A 9-INCH TOP OUTSIDE BARK 
ABOVE A 1-FOOT STUMP. 23 



Table 11--Total tree, wood, and saw-log volume for bigleaf maple 

TOTAL HEIGHT (FEET) 
D I A M E T E G  A T  
BREAST HEIGHT 

INCHES 

5 : 
TVOL 
WVOL 
S V O L I  
SVOLX 

7 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

9 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

11: 
TVOL 
WVOL 
SVOL I 
SVOLX 

13: 
TVOL 
WVOL 
SVOL I 
SVOLX 

15: 
TVOL 
WVOL 
S V O L I  
SVOLX 

17: 
TVOL 
WVOL 
SVOL I 
SVOLX 

19: 
TVOL 
WVOL 
SVOL I 
SVOLX 

21 : 
TVOL 
WOL 
SVOL I 
SVOCX 

23 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

25 : 
N O L  
WVOL 
SVOL I 
SVOLX 



DIAMETER AT I 

BREAST HEIGHT 
OUTSIDE BARK j-/ 2 0 3 0 4 0  5 0 6 0 7 0  8 0 9 0  1 0 0  1 1 0  1 2 0  1 3 0  1 4 0  150 

INCHES - - - - - - - - - - - - - - - - - - - - - - - - - ~ ~ ~ ~ C F E E T - - - - - - - - - - - - - - - - - - - - - - - - - -  

27 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

2 9  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

31  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

33 :  
TVOL 
WVOL 
SVOL I 
SVOLX 

3 5  : 
TVOL 
W VOL 
SVOL I 
SVOLX 

3 7  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

3 9 :  
TVOL 
WVOL 
SVOL I 
SVOLX 

41 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

4 3  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

4 5  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

NOTE: BLOCK INDICATES RANGE OF DATA. 

11TVOL = TOTAL ABOVEGROUND VOLUME OF WOOD AND BARK; EXCLUDES FOLIAGE. - 

WVOL = VOLUME OF WOOD FROM A 1-FOOT STUMP 7 0  A 4-INCH TOP OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE. 

SVOLI = SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 8 FEET LONG TO A 9-INCH TOP OUTSIDE BARK 
I N  TREES WITH A MERCHANTABLE F IRST SECTION ABOVE A 1-FOOT STUMP. 

SVOLX = SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 8 FEET LONG TO A 9-INCH TOP OUTSIDE BARK 
I N  TREES WITHOUT A MERCHANTABLE F IRST SECTION ABOVE A 1-FOOT STUMP. 



Table 12--Total tree, wood, and saw-log volume for California black oak 

TOTAL HEIGHT (FEET) 
DIAMETER AT 
BREAST HEIGHT 
OUTSIDE BARK 1/ 2 0 30 40 50 60 7 0 80 90 100 110 120 130 140 150 

INCHES - - - - - - - - - - - - - - - - - - - - - - - - - C U B I C F E E T - - - - - - - - - - - - - - - - - - - - - - - - - -  

5 : 
TVOL 2 
WVOL 1 
SVOL I 1 
SVOLX 0 

7 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

9 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

11: 
TVOL 10 
WVOL 7 
SVOL I 5 
SVOLX 3 

13: 
TVOL 14 
WVOL 10 
SVOL I 8 
SVOLX 4 

15 : 
TVOL 19 
WVOL 14 
SVOL I 12 
SVOLX 6 

17 : 
TVOL 24 
WVOL 18 
SVOL I 17 
SVOLX 9 

19: 
TVOL 
WVOL 
SVOL I 
SVOLX 

21 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

23: 
TVOL 
WVOL 
SVOL I 
SVOLX 

25 : 
TVOL 
WVOL 
SVOL I 
SVOLX 



TOTAL HEIGHT (FEET) 
DIAMETER AT 
BREAST HEIGHT 
OUTSIDEBARKY 20 3 0  40 50 60 70 8 0  90 100 110 120 130 140 150 

INCHES 

27: 
TVOL 
WVOL 
SVOLI 
svax 
/ 

29: 
TVOL 
WOL 
SVOLI 
SVOCX 

31 : 
TVOL 
WVOL 
SVOLI 
SWKX 

33: 
TVOL 
w va 
SVOL I 
SVOLX 

35: 
TVOL 
WOL 
SVOLI 
SVOLX 

37 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

39: 
TVOL 
WVOL 
SVOLI 
SOLX 

41 : 
TVOL 
WOL 
S O L 1  
s a x  

43: 
TVOL 
WVOL 
SVOL I 
svax 

45: 
TVOL 
WOL 
SVOL I 
svax 

NOTE: BLOCK INDICATES RANGE OF DATA. I 
1 fTWL = TOTAL ABOVEGROUND VOLUME OF WOOD AND BARK; EXCLUDES FOLIAGE. - 

YVOL W L W  OF WOOD FROM A 1-FOOT S T W  TO A 4-IWCH TOP OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE. 

SVOLI SUI-LOG V O L W  I N  STRAIGHT MERCHMABLE SECTIONS AT LEAST 8 FEET LON6 TO A 9-INCH TOP OUTSIDE BARK 
I N  TREES WITH A MRCHAWTABLE FIRST SECTION ABOVE A 1-FOOT STW. 

S30LX SAW-LOG VOLUME I N  STRAIGHT !€KHANTABLE SECTIONS AT LEAST 8 FEET LON6 TO A 9-INCH TOP OUTSIDE BARK 
I N  TREES WITHOUT A MERCHANTABLE FIRST SECTION ABOVE A 1 -FOOT STUMP. 



Table 13-Total tree and wood volume for 
Engelmann oak 

TOTAL HEIGHT (FEET) 
DIAMETER AT 
BREAST HEIGHT 
O U T S I D E B A R K Y  2 0  3 0  4 0  5 0  6 0  7 0  

TOTAL HEIGHT (FEET) 
DIAMETER AT 
BREAST HEIGHT 
O U T S I D E B A R K Y  2 0  3 0  40  5 0  6 0  7 0  

INCHES - - - - - - - - CUBIC FEET - - - - - - - - INCHES - - -  - - - - -  CUBIC FEET - - 
27 : 

TVOL 
WVOL 

7 : 
TVOL 
WVOL 

29 : 
TVOL 
WVOL 

9 : 
TVOL 
W VOL 

31 : 
TYOL 
WVOL 

11: 
TVOL 
WVOL 

3 3  : 
TVOL 
WVOL 

13: 
TVOL 
WVOL 

35 : 
TVOL 
WVOL 

15: 
TVOL 
WVOL 

37 : 
TVOL 
WVOL 

17: 
TVOL 
WVOL 

3 9  : 
TVOL 
WVOL 

19 :  
TVOL 
WVOL 

41 : 
TVOL 
WVOL 

21 : 
TVOL 
WVOL 

4 3  : 
TVOL 
WVOL 

23 : 
TVOL 
WVOL 

NOTE: BLOCK INDICATES RANGE OF DATA. 

l /TVOL = TOTAL ABOVEGROUND VOLUME OF WOOD AND BARK; EXCLUDES - 
FOLIAGE. 25 : 

TVOL 
WVOL WVOL = VOLUME OF WOOD FROM A 1-FOOT STUHP TO A 4-INCH TOP 

OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE. 



Table 14--Total tree, wood, and sawlog volume 
for blue oak 

TUTM HEIGHT (FEET) 
O IMTER AT 
BREAST HEIGKI 
OUTSIOEBARK1/ 20 30 40 50 6 0  7 0  8 0  90 100 

TOTAL HEIGHT (FEET) 
OIAllETER AT 
BREAST HEIGHT 

5: 
TVOL 
w a  
SVOL I 
SWllX 

7 : 

22' 
SVOL I 
s v a x  

9: 
N O L  
w a  
s v a  I 
SWKX 

11: 
TVOL 
YWll 
SVOLI 
MOLX 

13: 
T v a  
w a  
SYOLI 
m x  

17: 
Na 
wa 
SWKI  
SYuX 

19: 
TVOL 
w a  
SWKI  
nrmw 

21 : 
Tva 
wa 
S Y u I  
m x  

23: 
TVOL 
w a  
SVOL I 
SVQT 

25: 
TVDL 
wa  
SVOLI 
SVQX 

27 : 
TVOL 
w a  
SWKI  
SWKX 

29 : 
T v a  
w a  
SVOLI 
Svm 

3: 
T v a  
w a  
SWKI  
MOLX 

33 : 
T v a  
wa  
SWKI  
SWU( 

35: 
T v a  
w a  
svoI.1 
SWU( 

37 : 
TVOL 
w a  
SWKI  
Max 

w a  
SWKI  
SwLX 

MOTE: BLOCK INJICATES RM6E OF MTA. 

l/TVOL = TOTAL IIBOVESRlXM V a U E  OF Allo BARK; EXCLUDES FOLIAGE. - 
YWK = VOLUlE OF WJO FRW A 1-FOOT STW TO A C I K H  TOP OUTSIDE BARK; EXCLUDES BARK 

UO FQIAGE. 

M O L I  = UY-LOG WLUE I N  STRAIGHT IERCHANTABLE SECTIONS AT LEAST 8 FEET LOW6 TO A 
C I Y U I  T B  OUTSIDE BARK I Y  TREES H I M  A ERCHAWTME FIRST YETION ABOVE A 
1-FOOT m. 

SrOLX = W-LOG WLUE I N  STRAIGHT IERCWABLE SECTIOWS AT LEAST 8 FEET LONG TO A 
C I E H  TOP OUTSIDE W K  
I Y  TREES Y I M  A -ABLE FIRST SECTIMI ABOVE A 1-FOOT S T W .  



1 Table IS--Total tree, wood, and saw-log volume for Pacific madmne 

TOTAL HEIGHT (FEET) 
DIAMETER AT 
BREAST HEIGHT 
OUTSIDE BARK 2 0  3 0  4 0  5 0  6 0  7 0 8 0  9 0  100  110  120  

INCHES 

5: 
TVOL 
WVOL 
SVOL I 
SVOLX 

7: 
TVOL 
WOL 
SVOL I 
SVOLX 

9: 
TVOL 
UVOL 
SVOL I 
SVOLX 

11: 
TVOL 
WVOL 
SVOL I 
SVOLX 

13: 
TVOL 
WVOL 
SVOL I 
SVOLX 

15: 
TVOL 
uva 
SVOLI 
SVOLX 

17:  
TVOL 
WVOL 
SVOL I 
SVOLX 

19:  
TVOL 
WVOL 
SVOL I 
SVOLX 

21 : 
TVOL 
uva 
SVOL I 
SVOLX 

23: 
TVOL 
WVOL 
SVOL I 
SVOLX 

25 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

27 : 
TVOL 
WVOL 
SVOL I 
SVOLX 



TOTAL HEIGHT (FEET) 
DIAMETER AT 
BREAST HEIGHT 
OUTSIDE BARK 1/ 20 30  40 50  6 0  7 0  8 0  90  100  110 120  

INCHES 

29: 
TVOL 
WVOL 
SVOL I 
SVOLX 

31 : 
TVOL 
WVOL 
SVOL I 
SVOLX , 

33: 
TVOL 
WOL 
SVOL I 
SVOLX 

35: 
TVOL 
WVOL 
SVOL I 
SVOLX 

37: 
TVOL 
WVOL 
SVOL I 
SVOLX 

39: 
N O L  
WVOL 
SVOL I 
SVOLX 

41 : 
TVOL 
WVOL 
SVOL I 
SVm 

43: 
TVtH 
WOL 
SVOL I 
SVOLX 

45: 
TVOL 
WVOL 
SVOLI 
SVOLX 

NOTE: BLOCK INDICATES RANGE OF DATA. 

1/TVOL = TOTAL ABOVEGROUND VOLUME OF WOOD AND BARK; EXCLUDES FOLIAGE. - 
WVOL = VOLUME OF WOOD FROM A 1-FOOT STWP TO A 4-INCH TOP OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE. 

SVOLI = SAW-LOG VOLUME I N  STRAIGHT MERCHAMTABLE SECTIOMS AT LEAST 8 FEET LONG TO A 9 - I K H  TOP OUTSIDE 
BARK I N  TREES WITH A MERCHANTABLE FIRST SECTION ABOVE A 1-FOOT STUMP. 

svax  = SAW-LOG VOLUME IN STRAIGHT MERCHANTABLE SECTIONS AT LEAST 8 FEET LONG TO A 9-IKH TOP OUTSIDE 
BARK I N  TREES WITHOUT A MERCHANTABLE FIRST SECTION ABOVE A 1-FOOT S T W .  



Table 16--Total tree, wood, and saw-log volume for Otegon white oak 

TOTAL HEIGHT (FEET) 
D I M T E R  AT 
BREAST HEIGHT 
OUTSIDE BARK 11 2 0 30 40 50 60 70 80 90 100 110 120 130 140 150 

INCHES 

5 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

7 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

9 : 
TVOL 
WOL 
SVOL I 
SVOLX 

11: 
TVOL 
WVOL 
SVOL I 
SVOLX 

13: 
TVOL 
nvm 
SVOL I 
SVOLX 

15: 
TVOL 
WVOL 
SVOL I 
SVOLX 

17: 
TVOL 
WVOL 
SVOL I 
SVOLX 

19 : 
TVOL 
WVOL 
SVOL I 
SVMX 

21 : 
TVOL 
UVOL 
SVOL I 
SVOLX 

23 : 
NOL 
WVOL 
SVOL I 
SVOLX 

25: 
TVOL 
WOL 
SVOL I 
SVOLX 

- - - - - - - - - - - - - - - - - - - - - - - - -  CUBIC FEET- - - - - - - - - - 



TOTAL HEIGHT (FEET) 
DIAMETER AT 
BREAST HEIGHT 
OUTSIDE BARK I-/ 2 0  3 0  4 0  5 0  6 0  7 0  80 9 0  100 1 1 0  1 2 0  1 3 0  1 4 0  1 5 0  

INCHES - - - - - - - - - - - - - - - - - - - - - - - - - C U B I C F E E T - - - - - - - - - - - - - - - - - - - - - - - - - -  

27 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

2 9  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

31 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

3 3  : 
TVOL 
WVOL 
SVOL I 
SVQLX 

35 : 
N O L  
WVOL 
SVOLI 
SVOLX 

3 7  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

3 9  : 
N O L  
WVOL 
SVOL I 
SVOLX. 

41  : 
N O L  
WVOL 
SVOLI 
SVOLX 

43: 
TVOL 
WVOL 
SVOL I 
SVOLX 

45: 
T V M  
WVOL 
SVOL I 
SVOLX 

NOTE: BLOCK INDICATES RANGE OF DATA. 

1/TVOL = TOTAL ABOVEGROUND VOLUME OF WOOD AND BARK; EXCLUDES FOLIAGE. - 
WVOL = VOLUME OF WOOD FROM A 1-FOOT STUMP TO A 4-INCH TOP OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE. 

SVOLI = SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 8 FEET LONG TO A 9-INCH TOP OUTSIDE BARK 
I N  TREES WITH A MERCHANTABLE FIRST SECTION ABOVE A 1 -FOOT STUMP. 

SVOLX = SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 8 FEET LONG TO A 9-INCH TOP OUTSIDE BARK 
I N  TREES WITHOUT A MERCHANTABLE FIRST SECTION ABOVE A 1-FOOT STUMP. 



r Table 17--Total tree, wood, and saw-log volume for canyon live oak 

TOTAL HEIGHT (FEET)  
D I A E T E R  AT 
BREAST HE IGHT 
OUTSIDE BARK 1 / 20 3 0 4 0  5 0 6 0 70 80 90 100 110 120 130 140 

INCHES - - - - - - - - - - - - - - - - - - - - - - - C U B I C F E E T - - - - - - - - - - - - - - - - - - - - - - -  

5 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

7: 
TVOL 
WVOL 
SVOL I 
SVOLX 

9: 
TVOL 
WVOL 
SVOL I 
SVOLX 

11: 
TVOL 
WVOL 
SVOL I 
SVOLX 

13: 
TVOL 
WVOL 
SVOLI 
SVOLX 

15: 
TVOL 
WVOL 
SVOL I 
SVOLX 

17: 
TVOL 
WVOL 
SVOL I 
SVOLX 

19: 
TVOL 
WVOL 
SVOL I 
SVOLX 

21 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

23: 
TVOL 
WVOL 
SVOL I 
SVOLX 

25: 
TVOL 
WVOL 
SVOL I 
SVOLX 



TOTAL HEIGHT (FEET) 
DIAMETER AT 
BREAST HEIGHT 
OlITSIDE BARK 2 0  3 0  4 0  5 0  6 0  7 0  8 0  90  100  1 1 0  1 2 0  130 140  

I WCHES 

27: 
TVOL 
WOL 
SVOL I 
SVOLX 

29: 
TVOL 
WOL 
SVOL I 
SVOLX 

31 : 
TVOL 
WOL 
SVOLI 
SVOLX 

33: 
TVOL 
WVOL 
SVOL I 
SVOLX 

35: 
TVOL 
WVOL 
SVOL I 
SVOLX 

37: 
N O L  
WOL 
SVOLI 
SVOLX 

39: 
TVOL 
WVOL 
SVOL I 
SVOLX 

41 : 
TVOL 
wvoc 
SVOL I 
SVOLX 

43: 
TVOL 
WVOL 
SVOL I 
SVOLX 

45: 
TVOL 
WOL 
SVOLI 
SVOLX 

NOTE: BLOCK INDICATES RAN6E OF DATA. 

1 /NOL = TOTAL ABOVEGROUND VOLUME OF WOOD AND BARK; EXCLUDES FOLIAGE. - 
UVOL = V O L W  OF WOOD FROM A 1-FOOT STWP TO A 4-INCH TOP OUTSIDE BARK; EXCLUDES BARK AND FOCIAGE. 

SVOLI SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 8 FEET LONG TO A %INCH TOP OUTSIOE BARK 
I N  TREES WITH A MERCHANTABLE FIRST SECTION ABOVE A 1-FOOT STUMP. 

SVOLX = SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 8 FEET LONG TO A 9-IWCH TOP OUTSIDE BARK 
I N  TREES WITHOUT A MERCHANTABLE FIRST SECTION ABOVE A 1-FOOT STUMP. 

35 



I Table 18--Total tree. wood, and saw-log volume for coast live oak 

TOTAL HEIGHT (FEET) 
il;AMLTLR A T  

- 
RRL A S 7  HEIGHT 
O i l T S I D E  BARK I /  2 0 30 4 0 50 60 7 0 8 0 90 100 110 120 130 140 

I N C H E S  

5 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

7 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

9: 
TVOL 
WVOL 
SVOL I 
SVOLX 

11: 
TVOL 
WVOL 
SVOL I 
SVOLX 

13: 
TVOL 
WVOL 
SVOL I 
SVOLX 

15: 
TVOL 
WVOL 
SVOL I 
SVOLX 

17: 
TVOL 
WVOL 
SVOL I 
SVOLX 

19: 
TVOL 
WVOL 
SVOL I 
SVOLX 

21 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

23: 
TVOL 
WVOL 
SVOL I 
SVOLX 

25 : 
TVOL 
WVOL 
SVOL I 
SVOLX 



-- 

TOTAL HEIGHT (FEET) 
DIAWETER AT 
BREAST HEIGHT 

27: 
TVOL 
WVOL 
SVOL I 
SVOLX 

. . . . . . . . . . . . . . . . . . . . . . .  CUBIC FEET- - - 

29: 
TVOL 
WOL 
SVOL I 
SVOLX 

114 137 157 176 194 
8 2  98 112 125 137 
46 58 7 0 81 92 
1 7  21 26 30 34 

135 162 186 208 229 
98 117 134 150 164 
54 68  82 95 108 
20 25 30 35 40 

31 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

211 227 
149 160 
102 113 

38 41 

249 268 
178 191 
120 132 

44 49 

33: 
TVOL 
,WOL 
SVOL I 
SVOLX 

35: 
TVOL 
WVOL 
SVOL I 
SVOLX 

i37: 
! TVOL 

WVOL 
SVOL I 
SVOLX 

39: 
TVOL 
WVOL 
SVOL I 
SVOLX 

41 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

43: 
TVOL 
WYOL 
syOL I 

, SVOLX 

45: 
TVOL 
WOL 
SVOLI 
wax 

NOTE: BLOCK INDICATES RAN6E OF DATA. 

IITVOL = TOTAL ABOVEGROUND VOLUIZ: OF WOOD AND BAUK; EXCLUDES FOLIAGE. - 
WOL VOLUE OF WOOD FRa3 A 1 -FOOT S T W  TO A 4-INCH TOP OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE- 

S V a I  = -LOG VOLUME I N  STRAIGHT ERCHANTABLE SECTIONS AT LEAST 8 FEET LOW TO A 9 - I L H  TOP OUTSIDE BARK 
I N  TREES WITH A MERCMABLE FIRST SECTION ABOVE A 1 -FOOT S T W -  

SVOLX = S W L S  VOLUE I N  STRAIGHT E M A B L E  SECTIONS AT LEAST 8 FEET LOW6 TO A 9-INCH TOP OUTSIDE BARK 
I N  TREES WITHOUT A MERCHANTABLE FIRST SECTION ABOVE A 1-FOOT S T W -  



TUTAL HEIGHT (FEET) 
01- AT 
BREIlST HEIGHT 
OUTSIDE BARK 11 20 30 40 50 60 70 80 90 100 110 120 130 

7: 
TVOL 
YWK 
mOLI 
svax 

13: 
TVOL 
YVOL 
SWKI 
SWU( 

23: 
TVOL 
YVOC 
SVaI 
SWKX 



TOTAL HEIGHT (FEET) 
DIAMETER AT 
BREAST HEIGHT 
OUTSIDE BARK 2 0  3 0  4 0  5 0  6 0  7 0 8 0  9 0  1 0 0  1 1 0  1 2 0  1 3 0  

INCHES 

27: 
TVOL 
WVOL 
SVOL I 
SVOLX 

/ 
29: 

TVOL 
WVOL 
SVOL I 
SVOLX 

31 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

33: 
N O L  
WVOL 
SVOL I 
SVOLX 

35: 
N O L  
WVOL 
SVOL I 
SVOLX 

37: 
N O L  
WVOL 
SVOL I 
SVOLX 

39: 
TVOL 
WVOL 
SVOL I 
SVOLX 

41 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

43: 
TVOL 
WVOL 
SVOL I 
SVOLX 

45: 
TVOL 
WVOL 
SVOL I 
SVOLX 

NOTE: BLOCK INDICATES RANGE OF DATA. 

1 /TVOL = TOTAL ABOVEGROUND V O L W  OF WOOD AND BARK; EXCLUDES FOLIAGE. - 

YVOL = VOLUME OF WOOD FROM A 1-FOOT STUMP TO A 4-INCH TOP OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE. 

SV0l.I = SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 8 FEET LONG TO A 9-INCH TOP OUTSIDE BARK 
I N  TREES WITH A MERCHANTABLE FIRST SECTION ABOVE A 1-FOOT STUMP. 

SVOLX = SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 8 FEET LONG TO A 9-INCH TOP OUTSIDE BARK 
I N  TREES WITHOUT A MERCHANTABLE FIRST SECTION ABOVE A 1 -FOOT STUMP. 



Table 20--Total tree, wood, and saw-log volume for giant chinkapin 

TOTAL HEIGHT (METERS ) 
DIAMETER AT 

OUTSIDE BARK l-/ 3 6 1 9  1 2  1 5  18 2 1  2 4  2 7  3 0  3 3  3 6  3 9  4 2  

CENTIMETERS 

10: 
TVOL 
WVOL 
SVOL 

2 0  : 
TVOL 
WVOL 
SVOL 

3 0  : 
TVOL 
WVOL 
SVOL 

40: 
TVOL 
WVOL 
SVOL 

5 0  : 
TVOL 
WVOL 
SVOL 

6 0  : 
TVOL 
WVOL 
SVOL 

70 : 
TVOL 
WVOL 
SVOL 

80: 
TVOL 
W VOL 
SVOL 

NOTE: BLOCK INDICATES RANGE OF DATA. 

11TVOL = TOTAL ABOVEGROUND VOLUME OF WOOD AND BARK; EXCLUDES FOLIAGE. - 

WVOL = VOLUME OF WOOD FROM A 0.3 METER STUMP TO A 10-CENTIMETER TOP OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE. 

SVOL = SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 2.5 METERS LONG TO A 23-CENTIMETER TOP OUTSIDE BARK 
ABOVE A 0.3-METER STUMP. 



Table 21--Total tree, wood, and saw-log volume for California-laurel 

TOTAL HEIGHT (METERS ) 
DIAMETER AT 
BREAST HEIGHT 

9 1 2  1 5  1 8  21 2 4  2 7 30 33 3 6 39 OUTSIDE BARK 1/ 3 6 .  

10: 
TVOL 0.02 
WVOL . 01 
SVOL . 0 0  

20: 
TVOL 
W VOL 
SVOL 

30: 
TVOL 
NVOL 
SVOL 

40: 
TVOL 
WVOL 
SVOL 

50: 
TVOL 
WVOL 
SVOL 

60: 
TVOL 
WVOL 
SVOL 

70: 
TVOL 
WVOL 
SVOL 

80: 
TVOL 
WVOL 
SVOL 

90: 
TVOL 
WVOL 
SVOL 

loo: 
TVOL 
WVOL 
SVOL 

110: 
N O L  
MYOL 
SVOL 

MOTE: BLOCK INDICATES RANGE OF DATA. 

I L / N O L  = TOTAL ABOVEGROUND VOLUME OF WOOD AND BARK; EXCLUDES FOLIAGE. 

I WVOL = VOLUME OF WOOD FROM A 0.3 METER STUMP TO A 10-CENTIETER TOP OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE. 

SvOL = SAM-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 2.5 METERS LONG TO A 23-CENTiMETER TOP OUTSIDE BARk 
ABOVE A 0.3-METER STUMP. 



Table 22--Total tree, wood, and saw-log volume for tanoak 

TOTAL HEIGHT (METERS) 
DIAMETER AT 
BREAST HEIGHT 
OUTSIDE BARK 1/ 3 6 9 12 15 18 21 24 2 7 30 33 3 6 3 9 

CENTIMETERS - - - - - - - - - - - - - - - - - - - - - - C U B I C M E T E R S - - - - - - - - - - - - - - - - - - - - - -  

10: 
TVOL 0.02 
WVOL . 00 
SVOL . 00 

20 : 
TVOL 
WVOL 
SVOL 

30: 
TVOL 
WVOL 
SVOL 

40: 
TVOL 
W VOL 
SVOL 

50: 
TVOL 
WVOL 
SVOL 

60: 
TVOL 
WVOL 
SVOL 

70: 
TVOL 
WVOL 
SVOL 

80: 
TVOL 
WVOL 
SVOL 

90: 
TVOL 
W VOL 
SVOL 

100: 
TVOL 
W VOL 
SVOL 

110: 
TVOL 7.32 8.57 9.79 10.99 12.17 13.33 14.48 15.61 16.73 
WVOL 5.46 6.73 8.02 9.34 10.68 12.04 13.43 14.83 16.25 
SVOL 4.82 6.01 7.24 8.51 9.81 11.15 12.51 13.90 15.32 

120: 
TVOL 8.66 10.14 11.59 13.01 14.41 15.78 17.14 18.48 
WVOL 6.61 8.14 9.71 11.30 12.93 14.58 16.25 17.95 
SVOL 5.89 7.34 8.85 10.40 12.00 13.63 15.30 17.00' 

NOTE: BLOCK INDICATES RANGE OF DATA. 

l/TVOL = TOTAL ABOVEGROUND VOLUME OF WOOD AND BARK; EXCLUDES FOLIAGE. - 
WVOL = VOLUME OF WOOD FROM A 0.3 METER STUMP TO A 10-CENTIWTER TOP OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE. 

SVOL = SAW-LOG VOLUME IN STRAIGHT MERCHANTABLE SECTIONS AT LEAST 2.5 METERS LONG TO A 23-CENTIMETER TOP OUTSIDE BARK 
ABOVE A 0.3-METER STIMP, 



Table 23--Total tree, wood, and sawlog volume for California white oak 

I 
I TOTAL HEIGHT (METERS) 

DIAMETER AT 
BREAST HEIGHT 
OUTSIDE BARK 11 3 6 9 1 2  1 5  1 8  21 2 4  2 7 3 0  33 36 39 

10: 
TVOL 
WVOL 
SVOL 

20: / 
TVOL 
WOOL 
SVOL 

3 0  : 
TVOL . 
WVOL 
SVOL 

4 0  : 
TVOL 
WVOL 
SVOL 

50: 
TVOL 
WVOL 
SVOL 

60: 
TVOL 
WVOL 
SVOL 

70: 
TVOL 
WVOL 
SVOL 

80: 
TVOL 
WVOL 
SVOL 

90: 
TVOL 
WVOL 
SVOL 

100: 
TVOL 
WVOL 
SVOL 

110: 
TVOL 
WVOL 
SVOL 

120: 
TVOL 
UVOL 
SVOL 

130: 
TVOL 
WVOL 
SVOL 

NOTE: BLOCK INDICATES RANGE OF DATA. 

1 / N O L  = TOTAL ABOVEGROUND VOLUME OF WOOD AND BARK; EXCLUDES FOLIAGE. - 
WOL = VOLUME OF WOOD FROM A 0.3 METER STUMP TO A 10-CENTIMETER TOP OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE. 

SVOL = SAU-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 2.5 METERS LONG TO A 23-CENTIMETER TOP OUTSIDE BARK 
ABOVE A 0.3-MTER STUMP. 



Table 24--Total tree, wood, and saw-log volume for bigleaf maple 

D!AHETER A; 
RRk A i ;  H I  I 6 R T  
?I I75iUL E A R K  1 / 

CENTIMETERS 

13: 
TVOL 
WVOL 
SVOLT 
SVOLX 

20 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

30 : 
TVOL 
WVOL 
SVOLI 
SVOLX 

40 : 
TVOL 
WVOL 
SVOL I 
SVOLY 

50 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

60 : 
NOL 
W VOL 
SVOL I 
SVOLX 

70 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

80 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

90 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

100: 
TVOL 
WVOL 
SVOL I 
SVOLX 

110: 
TVOL 
WVOL 
SVJL I 
SVOLX 

120: 
TVOL 
WVOL 
SVOL I 
SVOLX 

130: 
TVOL 17.21 19.12 20.89 22.56 24.14 25.65 27.10 28.49 29.83 ' 

WVOL 15.35 17.42 19.40 21.29 23.10 24.86 26.57 28.22 29.84 
SVOL I 8.15 9.93 11.74 13.57 15.43 17.30 19.18 21.08 23.00 
SVOLX 3.24 3.95 4.67 5.40 6.14 6.88 7.63 8.39 9.15 

NOTE: BLOCK INDICATES RAIIGE OF DATA. 

l/TVOL = TOTAL ABOVEGROUND VOLUME OF WOOD AND BARK; EXCLUDES FOLIAGE. - 

WVOL = VOLUME OF WOOD FROM A 0.3 METER STUMP TO A 10-CENTIMETER TOP OUTSIDE BARK; EXCLUDES BARK AN0 FOLIAGE. 

SvOLI = SAW-LOG VOLUME IN STRAIGHT MERCHANTABLE SECTIONS AT LEAST 2.5 METERS LONG TO A 23-CENTIMETER TOP OUTSIDE BARK 
I N  TREES WITH A MERCHANTABLE FIRST SECTION ABOVE A 0.3-METER STUMP. 

SVOLX = SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 2.5 METERS LONG TO A 23-CENTIMETER TOP OUTSIDE BARK 
I N  TREES WITHOUT A MERCHANTABLE FIRST SECTION ABOVE A 0.3-METER STUMP. 



Table 25--Total tree, wood, and saw-log vdume for California black oak 

TOTAL HEIGHT (METERS) 
DIAMETER AT 
BREAST HEIGHT 
OUTSIDE BARK _1_/ 3 6 9 1 2  1 5  1 8  21 2 4  2 7  30 3 3  3 6  3 9  4 2  

CENTIMETERS 

10: 
TVOL 0.02 0.04 
WVOL .O1 .02 
SVOL I .01 .01 
svOLx/ .oo .oo 

2 0  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

3 0  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

4 0  : 
TVOL 
WL. 
SVOL l 
SVOLX 

50 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

6 0  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

7 0  : 
TV OL 
WVOL 
SVOLI 
SVOLX 

8 0  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

90: 
TVOL 
WVOL 
SVOL I 
SVOLX 

100: 
TVOL 
WVOL 
SVOL I 
SVOLX 

110: 
TVOL 
WVOL 
SVOL I 
SVOLX 

120: 
TVOL 
WVOL 
SVOL I 
SVOLX 

130: 
N O L  
W O L  
SVOL 1 
SVOLX 

NOTE: BLOCK INDICATES RANGE OF DATA. 

l K V O L  = TOTAL ABOVEGRWND V O L W  OF WOW AND BARK; EXCLUDES FOLIAGE. - 
WVR = V O L W  OF WOOD FRDM A 0.3 METER STUMP TO A 10-CENTIMETER TOP OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE. 

SVOLI * SAW-LOG VOLUME I N  STRAIGHT EMHAWTABLE SECTIONS AT LEAST 2.5 METERS LONG TO A 23-CENTIPETER TOP OUTSIDE BARK 
I N  TREES WITH A MERCHANTABLE FIRST SECTION ABOVE A 0.3-METER STIMP. 

S V a X  SAW-LOG VOLUME I N  STRAIGHT MEWHAWTABLE SECTIONS AT LEAST 2.5 K T E R S  LONG TO A 23-CENTIPETER TOP OUTSIDE BARK 
I N  TREES YITHOUT A MERCHANTABLE FIRST SECTION ABOVE A 0.3-METER STUMP. 



Table 26--Total tree and wood volume for Engelmann oak 

TOTAL HE IGHT (METERS ) 
DIAMETER AT 
BREAST HEIGHT 
OUTSIDE BARK - 1 / 3 6 9 1 2  1 5  18 2 1 

CENTIMETERS 

10: 
TVOL 
WVOL 

2 0  : 
TVOL 
WVOL 

3 0  : 
TVOL 
WVOL 

4 0  : 
TVOL 
WVOL 

5 0  : 
TVOL 
WVOL 

6 0  : 
TVOL 
WVOL 

7 0  : 
TVOL 
WVOL 

80: 
TVOL 
WVOL 

90: 
TVOL 
WVOL 

100: 
TVOL 
WVOL 

- - - - - - - - - -  CUBIC METERS - - - - - - - - - - 

110: 
TVOL 
WVOL 

NOTE: BLOCK INDICATES RANGE OF DATA. 

l /TVOL = TOTAL ABOVEGROUND VOLUME OF WOOD AND BARK; EXCLUDES FOLIAGE. - 
WVOL = VOLUME OF WOOD FROM A 0.3 METER STUMP TO A 10-CENTIMETER TOP 

OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE. 



Table 27--Total tree, wood, and saw-log volume for blue oak 

TOTAL HEIGHT (METERS) 
DIAMETER AT 
BREAST HEIGHT 
OUTSIDE BARK l-/ 3 6 9 1 2  1 5  18 21  2 4  2 7  3 0  3 3 

CENTIMETERS 

1 0 :  
TVOL 
WVOL 
SVOL I 
SVOLX 

2 0  : / 

TVOL 
WVOL 
SVOLI 
SVOLX 

3 0  : 
TVOL 
WVOL 
<VOL I 
3 ~ l l L A  

4 0  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

50:  
TVOL 
WVOL 
SVOL I 
SVOLX 

60:  
TVOL 
WVOL 
SVOL I 
SVOLX 

70:  
TVOL 
WVOL 
SVOL I 
SVOLX 

80 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

9 0  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

1 0 0  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

NOTE: BLOCK INDICATES RANGE OF DATA. 

1ITVOL = TOTAL ABOVEGROUND VOLUME OF WOOD AND BARK; EXCLUDES FOLIAGE. - 

WVOL = VOLUME OF WOOD FROM A 0.3 METER STUMP TO A 10-CENTIMETER TOP OUTSIDE BARK; EXCLUDES BARK AND 
FOLIAGE. 

SVOLI = SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 2.5 METERS LONG TO A 23-CENTIMETER 
TOP OUTSIDE BARK I N  TREES WITH A MERCHANTABLE F IRST SECTION ABOVE A 0.3-METER STUMP. 

SVOLX = SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 2.5 METERS LONG TO A 23-CENTIMETER 
TOP OUTSIDE BARK I N  TREES WITHOUT A MERCHANTABLE F IRST SECTION ABOVE A 0.3-METER STUMP. 



Table 28--Total tree, wood, and saw-log volume for Pacific madrone 

TOTAL HEIGHT (METERS) 
DIAMETER AT 
BREAST HEIGHT 
OUTSIDE BARK 11 3 6 9 1 2  1 5  1 0  21 24 27  30 33 36 

CENTIMETERS - - - - - - - - - - - - - - - - - - - - CUBIC METERS - - - - - - - - - - - - - - - - - - - - 
10: 

TVOL 
WVOL 
SVOL I 
SVOLX 

2 0  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

3 0  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

4 0  : 
TVOL 
WVOL 
SVOLI 
SVOLX 

5 0  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

6 0  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

7 0  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

8 0  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

9 0  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

100:  
TVOL 
WVOL 
SVOL I 
SVOLX 

110:  
TVOL 
WVOL 
SVOLI 
SVOLX 

120: 
TVOL 
WVOL 
SVOL I 
SVOLX 

130: 
TVOL 11.30 13.15 14.96 16.72 18.45 20.15 
WVOL 9.65 11.62 13.59 15.56 17.54 19.52 
SVOL I 5.15 6.49 7.89 9.34 10.84 12.38 
SVOLX 2.16 2.71 3.30 3.91 4.53 5.18 

NOTE: BLOCK INDICATES RANGE OF DATA. 

I/TVOL = TOTAL ABOVEGROUND VOLUME OF WOOD AND BARK; EXCLUDES FOLIAGE. - 
WVOL = V O L W  OF WOOD'FROM A 0.3 METER STUMP TO A 10-CENTIMETER TOP OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE. 

SV[KI = SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 2.5 METERS LONG TO A 23-CENTIMETER TOP 
OUTSIDE BARK I N  TREES WITH A MERCHANTABLE FIRST SECTION ABOVE A 0.3-METER STUMP. 

SVOLX = SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIOMS AT LEAST 2.5 METERS LONG TO A 23-CENTIMETER TOP 
OUTSIDE BARK I N  TREES WITHOUT A MERCHANTABLE FIRST SECTION ABOVE A 0.3-METER STUMP. 



Table 29-Total tree, wood, and saw-log volume for Oregon white oak 

TOTAL HEIGHT ( IETERS) 
DIAMETER AT 
BREAST HEIGHT 
 SIDE BARK 1/ 3 6 9 1 2  15  1 8  21 24 27 30 33 36 39  42 

10: 
N O L  
WOL 
SYOLI 
s a x  

20: / 
TVOL 
w a  
SYOL I 
SVOLX 

30  : 
TVOL 
YVOL 
SVOL I 
SVOLX 

40: 
TVOL 
W h  
SVOL 1 

SVOLX 

50: 
TVOL 
WVOL 
SYOL I 
SVOLX 

60: 
TVOL 
WVOL 
SVOL I 
SVOLX 

70 : 
TVOL 
uva 
SVOL I 
svax 

80: 
TVOL 
w a  
SVOLI 
SVOLX 

90: 
N O L  
YYOL 
SVOL I 
SVOLX 

100: 
TWK 
YYOL 
SVOLI 
SVoU 

110: 
TWK 
w a  
S W K I  
SVOLX 

120: 
N O L  
w a  
S W K I  
SWKX 

130: 
TWK 
YVOL 
SVOLI 
SWKX 

-- 

WmE: BLOCK INOICATES RAKE OF DATA. 

l/TVOL = TOTAL ABOVEGROUND V O L W  OF WOOD AWD BARK; EXCLUDES FOLIAGE. - 
MWl. = V O L W  OF YOOO FROn A 0.3 METER S T W  TO A 10-CEWTImTER TOP OUTSIDE BART.; EXCLUDES BARK AN0 FOLIAGE. 

SVOLI SAU-LOG VOLUME I N  STRAIGHT UERCHAWTABLE SECTIONS AT LEAST 2.5 ETERS LON6 TO A 23-CENTINTER TOP WTSIDE BARK- 
I N  TREES WITH A llERCHANTABLE F I R S  SECTIOW ABOVE A 0.3-IETER STUIP. 

SVOLX = SAWLOG VOLUE I N  S T R A I M  KRCHMTABLE SECTIONS AT LEMT 2.5 E n R S  LOW TO A 23-CENTIIETER TOP OUTSIDE BARK 
I N  TREES WITHOUT A HERCWABLE FIRST SECTION ABWE A 0.34ETER S T W .  



Table 30--Total tree, wood, and saw-log volume for canyon live-oak 

TOTAL HEIGHT (METERS) 
DIAMETER AT 
BREAST HEIGHT 
OUTSIDE BARK 11 3 6 9 12 15 18 21 24 27 30 33 36 39 

CENTIMETERS - - - - - - - - - - - - - - - - - -  - - - -  CUBICMTERS - - - - -  - - - - - -  - - - - - - - - - , -  

10: 
TVOL 0.02 
WVM .01 
SVOL I .O1 
SVOLX . 00 

20 : 
TVOL .ll 
WVOL .06 
SVOL I .03 
SVOLX .01 

30 : 
TVOL .26 
WVOL .15 
SVOL I .08 
SVMX .03 

40 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

50 : 
TVOL 
WVOL 
SVOLI 
SVOLX 

60 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

70 : 
TVOL 
WVOL 
SVOL I 
SVOLX 

80 : 
TVOL 
WVOL 
SVOLI 
SVOLX 

90: 
TVOL 
WVOL 
SVOL I 
SVOLX 

100: 
TVOL 
WVOL 
SVOL I 
SVOLX 

110: 
TVOL 
WVOL 
SVOL I 
SVOLX 

120: 
TVOL 
WVOL 
SVOL I 
SVOLX 

130: 
TVOL 17.59 19.66 21.61 23.45 25.20 26.88 28.49 30.05 31.56 
WVOL 15.30 17.52 19.65 21.70 23.69 25.62 2 7 5 0  31 14 
SVOL I 8.20 9.51 10.79 12.02 13.23 14.42 15:58 :::z 17185 
SVOLX 3.02 3.50 3.97 4.43 4.87 5.31 5.74 6.16 6.57 

NOTE: BLOCK INDICATES RANGE OF DATA. 

l/TVOL = TOTAL ABOVEGROUND VOLUME OF WOOD AND BARK; EXCLUDES FOLIAGE. - 
WVOL = VOLUME OF WOOD FROM A 0.3 METER STUMP TO A 10-CENTIMETER TOP OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE. 

SVOLI = SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 2.5 METERS LONG TO A 23-CENTIMETER TOP OUTSIDE BARK 
I N  TREES WITH A MERCHANTABLE FIRST SECTION ABOVE A 0.3-METER STUMP. 

SVOLX = SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 2.5 METERS LONG TO A 23-CENTIMETER TOP OUTSIDE BARK 
I N  TREES WITHOUT A MERCHANTABLE FIRST SECTION ABOVE A 0.3-METER STUMP. 





Table 32--Total tree, wood, and saw-log volume for interior live oak 

TOTAL HEIGHT (METERS) 
O I M E T E R  AT 
BREASTHEIGHT - 

OUTSIDE BARK 1-1 3 

1 0 :  
TVOL 0 .03  
WVOL - 0 1  
SVOL I .O1 
SVOLX - 0 0  

2 0  : 
TVOL .ll 
WVOL .06 
SVOL I .03 
SVOLX - 0 1  

3 0  : 
TVOL - 2 5  
WVOL .14 
SVOLI . 0 8  
SVOLX .03 

4 0  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

5 0  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

6 0  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

7 0  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

8 0  : 
TVOL 
WVOL 
SVOLI 
SVOLX 

9 0  : 
TVOL 
WVOL 
SVOL I 
SVOLX 

100 :  
TVOL 
WVOL 
SVOLI 
SVOLX 

1 1 0 :  
TVOL 
WVOL 
SVOL I 
SVOLX 

1 2 0 :  
TVOL 
WVOL 
SVOL I 
SVOLX 

1 3 0 :  
TVOL 
WVOL 
SVOL I 
SVOLX 

NOTE: BLOCK INDICATES RANGE OF DATA. 

1 ITVOL = TOTAL ABOVEGROUND VOLUME OF WOOD AND BARK; EXCLUDES FOLIAGE. - 

WvOL = VOLUME OF WOOD FROM A 0.3 METER STUMP TO A 10-CENTIMETER TOP OUTSIDE BARK; EXCLUDES BARK AND FOLIAGE- 

SVOLI = SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 2.5 METERS LONG TO A 23-CENTIMETER TOP OUTSIDE BARK 
I N  TREES WITH A MERCHANTABLE F IRST SECTION ABOVE A 0.3-METER STUMP. 

SVOLX = SAW-LOG VOLUME I N  STRAIGHT MERCHANTABLE SECTIONS AT LEAST 2.5 METERS LONG TO A 2 3 - C E N T I m T m  TOP OUTSIDE BARK 
I N  TREES WITHOUT A MERCHANTABLE F IRST SECTION ABOVE A 0.3-METER STUMP. 


