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VOLUME EQUATIONS FOR YOUNG GROWTH
SOFTWOGD SPECIES AT

MOUNTAIN HOME DEMONSTRATION STATE FOREST
Abstract

Standard volume equations and tables, and local volume tables were
developed for ponderosa pine (Pinus ponderosa Laws), sugar pine {Finus
lambertiana Dougl.), incense cedar (Libocedrus decurrens Torr.) and white fir
(Abies concolor Gord. & Glend.) in Mountain Home Demonstration State
Forest. For all species, local and standard equations were developed for total
volume in cubic feet, and merchantable volume in Scribrner board feet basad
on both tctal height and the number of 16 foot iogs.

A total of 40 or more irees were measured for each species from stands
representing a broad range of environmental, topographical and site quality
conditions found on the forest. The sample trees were also chosen to
represent a broad range of sizes from 10 inches to almost 50 inches at dbh and
heights from 30 feat to over 170 feet.



OB

= =

w5

i e R

&

|

O

!
N

B OE

ER

VOLUME EQUATIONS FOR YOUNG GROWTH SOFTWOGD SPECIES

AT MOUNTAIN HOME DEMONSTRATION STATE FOREST

I Introduction and Background

A unique ecological niche exists in the southern Siarra Nevada where
the most massive irees in the world grow. Although most of the attention in
this area is on the gigantic sierra redwood (Sequoiadendron gigantia) other
important timber species also grow there. Such spedes indude ponderosa
pine, sugar pine, white fiz, red fir, Douglas-fir, and incense cedar. Generally
called the "mixed conifer type" in Califorrda, it is described by the Society of
American Foresters in Forest Cover Types of North America as Type 243, the
ponderosa pine/sugar pine/fir type (SAF 1968). Incense cedar is included in
the southern range znd Douglas-fir is included in the northern part of the

state with the dividing line at the Merced river. The incense cedar is
considercd a climax type and occurs as individuals or small stands and does
not dominate the main canopy (SAF 1968).

Other forest types are also common. At lower elevations poncerosa
pine (Type 245) dominates. If fire occurrence is high at lower elevations,
California black oak (Type 246), canyon live oak (Type 249), and Jeffrey pine
(Type 247) will also be present. At higher elevations, only fir and sugar pine
remain, with eventual conversion to red fir (SAF 1968). The giant sequoia is
not considered a forest type because it occurs only as “islands of a different
type within this zone" and the groves cover a very limited area (SAF 1968).
The comunerdial, economic, and sodal importance of the four conifer species
studied at MHSDF should not be under estimated. Sugar pine, for example, is
generally considered to be the most valuable species in the west, even though
it can be infested with white pine blister rust (Endocronatium ribicelz). And,
pondercsa pine is the most widely distributed conifer species in the Unitec
States. [ts commerdial value is diverse, as are its uses. Though the majority
of ponderosa pine occurs al the lower elevations, it mixes readily and even
becomes dominant on dry, scuthern sites which occur towards the lower ed

e
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of the forest. White fir, another conifer of commercial importance, is found
on cooler sites and becomes dominant at higher elevations. Because white fir
is a shade tolerant spedies it will grow as an understory on any site with
adequate moisture. White fir is generally used for structural and other
building uses including plywood. Incense ceda. generally considered less
valuable than other conifers, is still used for fuelwood, craft items, and special
products such as pencils. Effective management of die mixed conifer type
becomes essential when the many uses and values of these species are
considerad.

Both logging and recreation have existed at Mt. Home for several
decades. In the early 1880's, sequoia and pine were being cut to supply mills
and markets in the San Joaquin Valley. Seven saw mills were constructed

on-site to process logs into products (CDF 1986). Remnants of four of these
mills are still on the forest today. In the late 1890's, valley residents would
come to "mouniain home" to escape the summer heat. In 1946, the State of
Celifornia passed legisiation to protect the sequoias of Mt. Home by allocating
funds to purchase the tract from 2 logging company. This action established

|
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the first State Forest in California. Now the estimated 3200 ancient sequoia
trees have been preserved. Since that time, thousands of young trees have
been established following responsible timber harvesting practices (CDF 1986).

To properly manage the conifer stands at MHDSF and to assure

continuous production, it is necessary to have an accurate method of

stimating tree volumes. While several volume tables have been developed
in the past, they do not represent the conditions found at MHDSE. For
example, cubic-foot and Scribner board-foot volume tables have been
developed for ponderosa pine, sugar pine, and other species found in the
Sierras, (MacLean and Berger 1976). However, the application of these tables
would require extensive field testing and modification.

The pu“c e of this study was to cevelop local and standard volume
equations for the four conifer species found extensively at MHDSF. These
equations can be used to assist in making estimates of stand volume and
composition. They can also be used in designing stocking levels and thinning
schedules.

-
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. Previous Studies

A volume equation is a mathematical relationship used to estimate
tree volume. A common volume prediction model (Husch ¢ al. 1982) is:

V 3 anHC [1]
where: V = iree volume
D = tree diameter
H = tree height
a,b,c = regression coefficients

Volume equations are usually developed for one species in a particular
region. They are based on established relationships between iree volume anc
easily measured dimensions of the tree, like diameter, height and form class
(Husch et al. 1982). These dimensions are measured and recorded in the feld
by forestry personnel. The data is then entered into a compui:er; and through
multiple regression analysis, volume equations are developed.

Developing Volume Equations

Volume equations are developed through the multiple regression of
sample tree data. They are used to predict individual tree volume based on
tree diameter and height measurements. The mest accurate way of obtaining
sample free data is to fell a tree, cut it into segments, make measurements of
each stem or branch segment, calculate the volume of each segment, and
finally, sum the volumes. However, due to the large amount of time
involved in felling and measuring each sample tree, plus the lost dollar and
environmental value if the tree cannot be utilized, a more expedient and less
expensive method was developed.

In 1978, methodology for estimating standing tree volume was
developed by Pillsbury and S epiiens and used extensively by Pillsbury and
Kirkley (1984) and Pillsbury and Pryor (1988, 1989). In this method, an optical
dendrometer, the Spiegel Relasxoa, is used fo calculate standing tree volume
of sample trees. Each sample tree was systematically divided intc segments

and numbered. Each segment is measured with the relaskop for length and
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upper and lower segment diameters. To cbtain total tree volume, the
volume of each segment is calculaied and all segment volumes are added.

In order to assess the accuracy of their method for calculating standing
tree volume Piilsbury and Stephens felled and remeasured 63 of the 170
samples (Pllsbury et al. 1989). They were remeasured based on the same
criteria used to measure the sample trees when they were standing. The
volumes from the &3 felled trees were considered 1o be more accurate (because
they were based on direct measurements) than the corresponding volumes of
the same irees measured with the dendrometer. The felled tree volumes
were then regressed against the standing tree volumes to obtain a felled tree
to standing tree volume regression equation. The equation indicated that
volume calculated for standing trees correlated well to volume calculated for
felled trees. This basic technigue has been slightly refined in subsequent
studies. These studies show that tree volumes are normally under-estimated
by approximately 8 percent.

Other studies have also shown fhat measurements ¢f standing trees
using optical dendrometers may give a biased estimate of tree volume.
Brickell (1978) showed that the Barr and Stroud dendrometer over-estimated
tree volumes by 5.4%, and Pillsbury and DeLasaux (1988) found that
measuring Sierra redwood with a tele-relaskop over-estimated volume by up
to 9 percent (Pillsbury ef al. 1989).

e ——"



I Problem Statement

The current lack of accurate volume equatons for these four species
on private, federal and state owned lands preciudes:

1) reliable estimates of harvest volume which can
result in economic loss through under-estimation

of large-sized, lump sum sales, and,

2) efficient forest management activities such as
inventory, thinning, stocking, and growth and
yield studies.

The development of accurate volume tables is consicderaed essential

for on-going management activities and future studies at Mountain Home

Demonstration State Forest.

IV. Study Gbjectives .

e

The ob
equatiorns and tables for young growth pondercsa pine, sugar pine, incense

tives of this project are to develop local and standard volume

s
)

cedar and white fir that will:

1) represent the full range of diameters and corresponding heights, .
and,

2) will be applicable to the various stand and site conditions at
Mountain Home Demonstration State Forest.
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V. Methodology
Stand and Sample Tree Selection

Data collection was completed at Mountain Home Demonstration State
Forest, Springville, California during the summer of 1989. To sample an
accurate representation of the trees of MHDSF the forest was divided into five
major areas (Figure 1). These areas represent sites where diverse conditions
exist and representative tree species could be found. Stands were chosen from
within each area that represented the various site qualities, stand densities,
elevation, and topography. A clear line of sight for measurements was
necessary, therefore most measurements were made on trees found in low to
moderately dense stands.

For each species, trees were selected to represent the existing range of
diameters, heights, and growth forms. Experience has shown that a carefully
selected sample of about 40-50 trees is normally satisfactory for estimating
volume regression coefficients and testing for adequacy of equations
(Pillsbury, ef «l. 1978, 1984, 1988). Sound irees of 10 inches dbh or Jarger were
selected with the highest diameter class being slightly over 40 inches.
Decadent trees and frees with major defects were avoided.

Sample Tree Measurement

A total of between 40-46 trees were measured for each species. The

ethodology used for measuring, standing trees is similar to that developed
by Pillsbury and Stephens (1978), and used by Pilisbury et al. (1984, 1988).

Trees were systematically divided into segments approximately 16 feet

i

in length.  For each segment, the exact length, and the upper and lower
diameters were measured using a relascope. If the bole was not visible at eac!
16 foot point then a nearby point was selected in order that the bole be clearly
seen to make the diameter measurement. Only trees having a dbh of 10

eater were included in the sample. All trees were measured to a 6

-y
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diameter (height of 1 foot) was also measured with a D-tape and used in the
volume calculation of the first segment for cubic-foot volumes. Total height

was measured from ground level on the uphill side to the tip of the tree. Trees

Diameter at breast heig™: (@bh) was measured with a D-tape. Stump

1 4

that were leaning were measured as if they were vertical by determining their
total stem length. Bark thickness was measured at breast height with an inch
ruler and used in the development of Scribner merchantable volume
equalions. A summary of the sample tree variables measured in the field is
presented in Table 1.

Table 1.  Tree variables measured, units, and method of measurement.

Tree Units and Method of
Variables Precision Measurement
Dbhob G.1 inch diameter tape
Average bark 0.1 inch inch ruler
thickness
Diameter at top of 1/2 inch relaskop

first (16" log (17.5).

Intermediate 1/2 inch relaskop
diameiers on stem

Intermediate 1 foot relaskop
heights

Diameter al merch- 1/2 inch relaskop
antable height (6" top)

Merchaniable 1 foot relaskop
height

Total height 1 foot relaskop
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Utilization Standards

Sample tree volumes were calculated for three utilizations standards.
The uiilization standards are: total volume (in cubic feet) znd two methods of
determining merchantable volume in Scribner board feei. Scribaner veolumes
=

are based on: &) dbh and total height, and, b) dboh and the number of 15 loot logs.
All volumes are pased on inside bark measurements.

To obtain inside bark volume, a linear regression model was usec o
estimate diameter inside bark (dib) from diameter cutside bark (dob). The
equation was developed from lree diameter and bark thickness data. It was-
assumed, based on field observations, that the dib versus dob relationship was
constant for all tree heights except for incense cedar where the dib/dob ratic
was observed to be different. Therefore, ten incense cedars were either felled
or climbed, and measured for bark thickness and diameter at the top of each
segment to develop a bark thickness relationship. It was found that above (he
first merchantable log, the bark thickness relationship was fairly constant.
Separate equations expressing the dib/dob relationship for incense cedar were
developed at stump height, breast height, the top of the first merchantable
log, and for heights above the first log. The equations developed for all

species are shown in Table 2.

four species at Mountain Home Demonstration State Forest

Species Dib/Dob Equation R-Squared N
incensa Cedar  Stump di% {In) = -0.80168 + 0.884¢ [Stump Dob (in}] 0.973 22
incense Cedar Dbhib (in) = 0.27221 + 8708 [Dohab (in)) 0.983 22
Incense Cedar  Diblop ol butt log (in} = 0.9281€ + 6387 [Dcb top of butt log (in)] 0.984 22
Incense Cedar  Dib's above first log (in) = £.51032 + 8808 [Dob's above first log {inj]  0.958 &1
rPandsresa Pine Db (in) = -0.38886 + 0.88494 [Coo (in)] £.e93 zZ0
Sugar Fira A (i} = 0.82433 + 00.85715 [Dab (in)) 7395 18
White Fir Db (in) = -0.88083 + 0.62852 [Deb {in)] 0.096 25
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sturnp height to a 6 inch top, calculated in board feet us

For incense cedar it was found that 2ll dob and dib data j:a.rs for points
above the first log were very closely correlated, therefore, the data we
grouped for a total of 41 points. This step mathematically deducts the bark

volume from totel volume of each log.

The utilization standazds are described below.

Toial volumez

Total tree volume includes the volume of all stem segments, terminal
branches plus the volume of the stump. It does not include the valume of
bark, roots and foliage. A sample computer spreadsheet is shown in
Appendix B. Total volume was computed from relaskop height coordinates

and diameter measurements using Smalian's volume formula (Equation Z;

Husch et gl. 1982).

(B+b) .
TxL 2]

o

malian's Volume (f3) =

<
>
i
ey
§]

re: B is the basal area in square feel {cross-
sectional area) at the large end of
segment, b is the basal area at the small
nd of the segment, and L is length in
eatf.

I

b=y

The volume of the top segment of the tree, that is, the segment above

&", was calculated as a cone by the following equation.

lwy)
¢

-~ . X )
Volume of the tree tip = 3 3]

Lastly, the volume of the stump was czzlculateci as a cylinger, using the

dib at the top of the stump to calculate the basal area.

Merchantable Volumie

Merchantable volume is the volume inside ba

'—I
)—h
?..

oot logs fro
ising L-'he Seribner log
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rule. Upper dib’s were calculated by interpolating diameters to specified stem
lengths, including &im allowance (e.g., 17.5, 34.0, 50.5, etc.). Log lengths were
calculated to even 2-foot lengths with a minimum length of 6 feet. Trim was
prorated at 6” per 16 length. Scale diameters are small end, inside bark to the
nearest inch.

Volume was computed from relaskop height cocrdinates and diameter
measurements using Scribner’s log rule (Equation 4; Husch et al. 1982).

L :
Scribner (bd. ft) = (0.79D2-2D-4) x T3 [4]
where: D is the log diameter inside bark in inches,
small end, and L is the log length in feet.

Lastly, the log volumes were summed to equal the Scribrier board-foo!
volume of the tree. A sample computer spreadsheet is shown in Appendix B.
The spreadsheet also provides: Total volume in cubic meters, and
International 1/4"” board-foot volumes to a 6” top.

Correction of Sample Tree Volumes

As noted in Section ILof this report, measuring tree volumes with

dendrometers introduces a bias into the data. Several previous studies have

carefully examined the relationship between the VD].L._HEb calculated for
standing trees and for the same trees after they have been felled. In all cases a
correction equation was necessary and used. to adjust standing tree volume
For this study the results of previous studies by Pillsbury ef al., (1978, 1984,
1988) was used to adjust standing tree volumes.

Data from the three studies referenced above showed little difference in
the correction equation developed. The "volume cut" versus the “volume
staniding” data for the three studies were compared using a statistical test for large
populations. The data set included 93 trees (20 frees from the Pillsbury and Pryor
study (1988); 10 wwees from Pillsbury and Kirkley (1984); and 63 from Piilsbury and
Stephiens (1978)). A two tailed #-test at

variables assigned to the sam p’.e‘: 2es W

the 0.99 probability level with dummy

o

raz6 used. The test results showed that tiie
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i value fell within the acceptance region and therefore the three data sets could
be considered fromy the same population (Pillsbury and Pryor 1988).

Therefore the three data sets were combined and the correction equation
shown below was developed for adjusting standing tree cubic-foot volumes.

Corrected volume (513) = 1.247236 (Standing volume (ft3))9.9750 {5}
[N=83; R% = 0.983; Standard Error = 0.002 cubic feet]

A close examination of this equation shows that the standing tree
measurement technique under-estimates the actual (felled) tree volume by about
8 percent. However, the high degree of correlation (R* = §.98) between standing
and felled tree volumes shows that volumes from standing trees could be
adjusted by this equation 'o accurately represent felled volumes. This equation is
species independent because the difference between standing and cut volumes is

primarily a measure of the measurement technique and is not based on
differences in species.

Equztion {5] was modified to adjust board-foot volumes. The average ratio
of board-foot to cubic-fool volume is about 5.5:1 for the sample trees measured in
this study. Therefore, this ratio was also used to calculate the regression intercept
for correcting board-foot volumes, eguation [6].

Corrected volume (b0 = 1.301541 (Standing volume (b))09730  {¢]

Equations [5] and [6] were used in this study to adjust standing tree cubic-
foot and board-foot volumes, respectively.

Error and Outlier Analysis

Several checks wers made to determine [f measurement and recording
errors were present in the data set. We uevelopeu computer programs to
“look” for possible errors in heighi and diameter measurements by checking
Lo see if upper diameters were greater than lower diameters. Also, volume

calculation errors, as well as other ree measurement erross, wete detected
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statistical oullier analysis. This inveolved plotting and analyzing scalter plots
of measured tree variables. For example, dth was plotted against total
volume and the standardized residuals were evaluated. This process detecis
large errors resulting from incorrect tree measurement, data recorcing, and
data entry. Approximately 1 to 2 sample trees per species were removed irom
the data sets based on the error and outlier analysis. Trees dropped from the
data set are noted on the listing shown in Appendix C.

VI. Velume Equation Development

Local and standard equations were developed in units of cubic feet and
Scribner board feet for merchantable volume for each species. The following
models were used to develop the equations.

Local Volume: V =aDPb (7]
Standard Volume: V =aDbHe (8]

where: V is the volume in cubic feet or board feet, D is dbhob
(diameter breast height oulside bark) in inches, H is
total height in feet, or number of 16 ft. logs, and, 2, b,
and ¢ are regression coefficients.

Multiple regression analysis was used to develop the volume
equations. A logarithmic transformation of volume, doh, and height was
used to linearize the data and to equalize the variation about the regression
line. The data were converted to the logarithmic form to compute the
regression coeificients 2, b, and ¢. This is the normal procedure when fitting
nonlinear tree volume equations because the logarithmic form tends to
reduce variance in homogeneous samples (Husch ef 2. 1982). From these
equations local and standard volume tables were developed and are presented
in thi. Appendix.

—— g —
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VII. Results of the Study

Local and standard volume equations (and tabies) were developed for
four species at Mountain Home Demonsiration State Forest basec on the
utilization standards previously described. For all species, volume equations
and tables were developed in English units for total and board-foot volume.
All volume eguations are listed in Tables 3 - 6; volume tablies are in Appendix
A. The values found in these tables were checked against tables of the same
species from other areas in the Sierra-Nevada and were found {o be

reasonably close. Field testing should be conducted to ensure their accuracy.

PR L

VIII. Summary and Recommendations

Standard volume equations and tables, and local volume tables were
developed for ponderosa pine, sugar pine, incense cedar, and white fic at
Mountain Home Demonstration State Forest. It is recommended that
volume equations and tables from this study be used for volume prediction
for species at MHDSF based on the excellent correlation obtained from the
statistical analysis discussed in this report.

These volume equations and tables will allow accurate assessment of
tree and stand volumes for the four species at Mountain Home
Demonstration State Forest. Moreover, they will provide the volume
information necessary for periodic inventories, and implementation of
spedfic management programs such as thinning prescriptions, timber
harvesting, and growth and yield studies.

In addition o the benefits this information will have to MHDSF,
publication of the data by the California Department of Forestry and Fire
Protection will aid managers of federzal and county lands having these species,
as well as providing valuable baseline infermation to non-industrial private
landowners involved in forest management.



)

Table 3. Local and Standard volumne equations for young growth pondergsa
pine at Mountain Home Demonstration State Forest,

Standard Volume Equations:

LOG RULE EQUATION RZ N

 Smalian's (ew L) Volume =0.0046019 (DBR 1 7642900951568, 5061 49,
St 1 (b 7Y Velume - 00071752 (DR 20399300, (820740, e 47
Srib.2(6d. R):  Volume=01485371 (DBR 178 1187217y go 49 4

DBH in inches, HT is total height in feet, NL is number of 16" logs.

& ume Tab!

Local volume equations were developed using standardized height equations for Smalian's
(cu. ft.) and Scrib. 1 (bf) volume equations shown above. The standard height equation for
yvoung growth ponderosa pine for both equations is: HT = 4.8966 + 3.4022(dbh) +
0.023178(dbh)* - 0.00043708(cbhY for diameters in the range 10 - 50 inchos.

ti:tes,

Ponderosa pine equations were developed from trees of diameter ranging from 10 ta 50 inches.

Smalians (cu. {£.) = Toial tree volurne inciuding all stem and branch wood plus
stump and bark; excludes folage and roots.
Serib. 1 (b5l fi.) = Senbnier board foot volume based dbh, and for standard volumae
equations, total tree height.
Serib. 2 (Bd. L) = Scribner board (oot volume based on dbh and nusmber of 14 foot
logs toa 6" top.

the multiple coefficient of determination.
the sample size.
the standard orror of the estimate in cubic feet or board feet.

o,
m < R
It



Table 4. Local and Standard volume equations for young growth sugar pine

at Mountain Home Demonstration State Forest.

Volume Equations:

LOG RULE EQUATION Rz N gE
Smalian’s (e ) Volume = 0.0127581 (GBH &1 W0 o 0485285 5078 40 133
Scrib. 1 (bd. ) Volume =00042926 (D5H 24448700y y 0833562, g1 g9 13
Scrib.2(bd. ) Volume=0.1048716 (DBH 22772860y, 0700663, 0977 45 1m

DBT: in inches, HT is total height in feet, NL {s number of 16 logs.

Local Vglume Tables:

Local volume equations were developed using standardized height equations for Smalian’s
(cu. ft.) and Serib. 1 (bf) volume equations shewn above. The standard heights were

determined by plotting dbh versus Total Height and graphically fitting the data by hand.

Sugar pine cguations were developed from trees of diameter ranging from 10 1o 50 inches.

Smalians (cu. i) = Total tree volume including all stem and branch woad plus

stump and bark; excludes foliage and roots.

Saib. 1 (bd. ft.} = Sanbner board fool volume based dbh, and for srandard velume

equaltions, total tree height.

Scrib. 2 (bd. ft.) = Scribner board foot volume based on dbh and number of 16 foor

logs to a & top.

R = the multiple coeificient of determination.
N = the sample size.

SE= the standard error of the estimate in cubic foot or board feet,
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Table 5. Local and Standard volume equations for young growth incense
cedar at Mountain Home Demonstration State Forest.
Standard Volume Equations:
LOG RULE EQUATION RZ N SE
Smalian’s (cu. (Y Volurme = 0.00738600(DBH 1700 4y 0838879, 4005 49 18
Scrib.1(bd. &) Volume=0.00104650 (DBH 1030883y 1480513 o3 45 1
Serib.2(bd ft):  Volume =0,18773920 (DBH %4y 0988761, gg07 49 13

DBH in Inches, HT is total height in feet, NL is number of 16 logs.

Local Volume Tables:

Local volume equations were developed using standardized height equations for Smalian's
(e, 1) and Serib. 1 (bf) volume equations shown above. The standard height ecuation for

young grawth incense cadar for both equations is: HT = 11.888 + 2.4996(dbh) for diameters in
the range 10 - 30 inches.

Notes:

Incense cedar equations were developed from trees of diameter ranging fram 10 to 50 inches.

Smalians (cu. [t.) = Total free volume including all stem and branch wood plus
stump and bark; excludes foliage and roots.
Scrib. 1 (bd. ft.) = Scoribner board foot volume based dbh, and for standard volume
equations, fotal tree height.
Scrib. 2 (bd. f1.) = Scribner board foot volume based on dbh and numberof 16 foot
logs to a 6" top.
R = the muitiple coefficient of determination.
N = the sampie size.
SE = the standard error of the estimate in cubic feet or board foet.
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Table 6. Local and Standard volume equations for young growth white fir at

Mountain Home Demonstration Siate Forest.

Standard Volume Equafions:

LCG RULE EQUATION RZ N SE

Smalian'scu. fe):  Volume =001416750 (0BE V2P a0 230 ez ;2 1
Serib.1 (bd. fr):  Vilume = 002668300 (DBH 1765320y, ;1013683 oy 55 g6
Scrib. 2 (bd. it Volume =0,39126230 (DBH 979757\ 0748597y gogs 52 119

DBH in inches, HT is total height in feet, NL is number of 16’ logs.

Local Volume Tables:

Local volume equatipns were developed using standardized height equations for Smalian's
(cu. ft.) and Serib. 1 (bf) volume equations shown above. The standard height equation for
young growth white fir for both equations is: HT = 12.443 + 5.2795(dbh) - 0.04836d5h)° for

diameters in the range 10-50 inches

Notes:

White fir equations were developed from trees of diameler ranging from 10 to 50 inches.

Smalians (cu. ft.} = Total tree volume including all stem and branch wood plus

stump and bark; excludes foliage and rootls.

Serib. 1 (b fL) = Scribner board foot volume based dbh, and for standard volume

cquations, total tree height.

Scrib: 2 (Bd. ft.) = Scribner board foot valume based on dbh and number of 16 foot

logs to a 6" top.
R®= ‘the multiple coefficient of determination.

N = the samp!e size,

SE = the sfandard error of the estimate in cubic feet or board feet,
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Local and Standard Volume Tables



LOCAL VOLUME TABLE

M. Home Stame Demonstration Forest

Tahle 7. Incense Cedar Table B. Sugar Plne
Standard  [Tolal Velume{Mach. Volums Sianclaid | Tetal Volums|Mareh, Vohime

Dbh finches) Helighl _jeuble leel) | (Berlh, bt} Gbh {Inches) Height {ouble lest) | (Sorth, bi)
19 a7 104 23 10 32 10,6 26
12 42 15,7 39 IE 42 17.5 [
14 A7 Pk Bl 14 52 286 He
T 52 30.6 a1 18 1 a7 134,
18 ¥y 0.4 129 | 18 Fi) 1.4 ‘195
20 62 1B 178 20 iz 66.5 230
] a7 £5.0 23 e £i4 £9.4 407

i 4 72 79.8 412 a4 0a LG ERES
i) 77 R A0 26 115 138.7 713
28 82 1157 5 Z8 122 e
a0 BY 136.6 625 30, 128 1B6.0 1053
32 g 159.6 765 az 131 226 4 1300
a4 87 184.8 26 34 136 2611 1544
36 102 2124 1109 a6 139 2968 1607
38 107 2422 1316 aa 140 43290 2064
40 112 274.4 1549 A 143 AL -] 2380
42 17 a09.1 1809 [E 147 418.89 2734
A TR Sk dput e AL dfd 0 3000
47 127 581 2410 45 150 5102 3455
4l 132 421 & 241 4B 1= LB SE}
Al 137 4706 3158 i | 55 B15.4 4031

rlote;  Vohomes caloatatod from equoligne in Tahls 5, MNote:  Volumes calowhited fom eqguat-ns in Table 4.
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LOCAL VOLUME TADLE
ML, Homa Suite Dommrdlistion Forast
Table 9. White Fir Table 10, Ponderosn Pine
Slndard [ Tolul Voluwns[Moreh Vol Standuid [ Toldl Volime]Maiel, Volima

| Dol fnched) | Holgne feublo feal) | (Gerb, bif nih gingheay | Height | feubie toof) | (Serib, bl]

10 60 204 i 10 a1 10.0 1

12 EY [ @ A I3 Ef_

14 17 % 180 , 14 g% B 12 i

)b an 684 200 14 B _ 364 | LI —

18 ® 67 | 36k | 18 _ fAl wr | #sE

2 il 871 ARZ 20 % =] 330

22 103 1200 a9 | I— He Lo 483

24 111 1454 L 24 o 1058 580

28 17 1733 o5l 26 101 1308 =

2n 1= i 8 1150 28 106 168.0 a3l

0 187 233 LB a0 118 | ITET

ETa 152 2712 1108 32 (1= 232 1354

3 138 Q082 16864 ) 130 2608 1800

a6 149 3473 2141 ah 137 2041 1867

2 143 s 2434 An 144 A5 Y 2155
T T4i 410 2l 40 150 3l

4z L. AT5A 0T A2 158 [T P

it 3 6211 3417 43 16 4074 3155

"% 5] [TTK] ares A8 = 5542 403

“w At ALK 4104 Al 73 GLie Jupd

L0 156 it 4510 e 2 7 G754 | dddn
Mots: Volumme ciloclaiod om ogaations in Tabile 6 tote;  Vohimes ciloalssed om ogquutions in Table 3.
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Table 11. Standsrd wolwika tibis* for Tncense Cada: LR cobic [esl.

iy ex

brésst-heighl Total height Ifewb]
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3 91 A5 Bu LOE  13% “:I:ﬁﬁ 17 2415 250 _
3E BE in i i1 A3 1% Lh2 5% 115 Ry
I8 i 108 130 i 171 1% 414 220 2k 102 3
a0 B4 1le 142 165 147  30% 230 255 27y 39) I X9
Az 129 154  1¥% 203 220 290 27F 294 211G g 379
a © o aE7 194 240 243 270 29s ﬁll[jﬂﬁ BE 410
4L 180 208 237 §E% 292  C31E 344 3 418 4
45 1_25 2958 $83 b 41 i 307 a4 {50 a7
E 241 2% J08 336 66 IME 4 4%4 dAx 53

EWoluim [ouDle Feste) o OL0F0 % REDNRTORLTH0 = Tolal Hedght " U000



TFahle 13  Stundatd wolume tabled for Pomderosi Plie Lhocublo  fwewb.,

AR RIS A A A PN rE P EE -

Hamater

hreast-nelgil Total laight [(fout)

outlds back

B ETTE Y 1 f 5
14 4 13 LE | ; 14
12 G 14 27 2
14 g9 14 18 3 2H a2 : 12
14 i 17 23 pia e | 40 44 A2 58
1B 1% 21 i Th L L} 6L &3 T TH
20 16 21 3 41 50 5% i 5 fid 83
2 16 28 3a 19 gl €& 7 B iog 118 f2@
14 2 33 44 ba o 69 a.]’_ug]-ﬁ 1] 124 136 L4AR
24 zZ5 37 50 6k JE B3 107 i p 12155, 388 1g1
28 bt 4z 57 7i e 101 115 130 148 16 178|180 o5 220
30 47 63 80 96 113 128 1anl_3R2 179 _ :;zl 229 24%
32 57 0 sy 107 3125 ted 162 1sol_peel iy 23l ges  39a e
BT 6 98 8 138 th8 194 499 21%  pAd|  Feq 221 g 1R
36 107 129 181 174 196 HiR 243 283 286 ___30HL 331 3%4
38 X7 143 165 180 F3a4 23w 263 24N 2y GFE 3ee| 48|
L] tZ7 154 180 r0& 233 259 2p6. 313 333 366l 3133 s320]
iz 166 195 223 252 Fel 310 330 36w 3%y £28
T 10 IA06 el YR AR 3340 d6n 39T 4HM o 459 s/ul
(34 22¢ 259 Q09d d2& 359, 3G3 AZE 4ED -mil :::
An 242 M FI3 349 385 41 AT 493 529 58S
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= Yolume {cutis fean] « 0,006 * PR~ 1.070 = Toral Meigpe = 1,026
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Tabte 13, Standazd velumé tabla® for Sugar iine to cubic feef

(Viammtae
presst-height Tobel helgnt (Foot)
gubalde [k

Lhorhga 2o L 3n [ #a 4 =0 | eo | 30 | s0 1 30 | ool 210l 3200 130 0 1ap | 190 4 160l 170
10 ﬂ 12 13 | 15
b ia y :'?i i Fat £
11 %) 2n s .. y a1 34 1
A i 27 31 34 7 o4 Wy o 8 53
T8 i 34 gL 14 40 fil 45 211 B3 i (]
20 35 43 41 sk -1 | I 68 72 g I g S
2% 43 52 fi esl_ 7zl 78 A HEl %2 AR L0o 164 108
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44 ok 266 IP0L 402 419 431 455 43n .
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50 Ak 500 521 S5 SRR LB HE6 625 84
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Appendix B

Sample Volume Calculation Worksheet
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Appendix C

Tree Data
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Table 24. Incense Cedar Data
‘ Tot. Vol. March. Vol
| Dbh(ob) Tot. Ht omalian | Scribner No. 18
| Tree Mo (inches} | (feed) {cu. fesl} ' i Locs
J T | i72 | 498 48 2
[ 2 17.1 60.9 38 2 |
3 32.8 71.2 184 3
4 18.2 | 47.1 27 . 2
5 | 26.9 §7.0 81 | _f 3
6 2.8 51.5 25 | 2
7 25.9 70.0 78 | 3
& 37.3 109.5 245 | 5
g | 23.2 | 44.3 45 | i
10 | 20.0 | 5.5 42 2
17 | 20.7 | 52.5 A1 2
i2 ' 245 | 44.0 83 2
13 302 133.7 303 7|
14 221 81.5 83 [ 2 |
15 245 57.2 £0 2
e 32.2 75.0 121 3
17 1.7 | 43.3 19 2
18 240 | 81.0 83 4
19 11.4 42.8 i5 1
20 1441 | 59. 25 | 2|
| 21 | 8.6 | 63.2 28 3|
| 22 | 31.5 |  108.8 156 5 |
2 | 43.8 129.0 | 375 6 |
24 | 33.9 131.0 273 6 |
25 5.7 | 117.3 251 | & ;
26 23.8 | 792 | 103 | 3
27 | 355 | 77.5 183 | 3
28 28.5 787 | 118 3
29 27.2 83.6 65 3
20 26.0 75.3 95 3
31 | 26.1 95.3 80 4
32 | 25.5 83.3 93 | 4
33 21.8 81.1 61 | 2
l 34 | 35.1 95.2 236 { 4
| 35 | 21.3 98.8 93 4
| 3% i 158 | 421 | 24 1
[ - 57 317 | 1217 | 201 8
{ 38 13.3 | 576 | 30 2
39 18.5 775 58 | 3
40 255 76.7 96 | 3
47 | 26.3 | 87.9 78 L3
42 22.8 61.2 55 | 2
43 18.2 54.5 33 | 2
| 44 46.8 115.5 414 | 8
' 45 19.3 | 1.8 45 2
46 323 | 1033 195 5
47 28.2 6.0 108 -3
43 23.3 67.4 78 3
49 29.8 85.5 140 : 4
50 26.1 71.2 | 63 444.9 3

[Ty =

N EL

Shaded numbers wsre determined lo be oulliers
and were drogped frem the sample.
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Table 25. Ponderosa Pine Daia

Tot. Vol. | March. Vol. |

Dbhiob) | Tot. Ht. | Smalian | Scribner | No. 18"

Tres No. {inches) {fael) {cu. fesl) (cd. feel) | Logs ,
1 10.9 471 14.1 29 2
2 24,4 70.7 85.7 353 3
3 25.5 129.3 "~ 137.7 668 7
4 15,9 72.8 44,1 154 3
5 22.2 80.5 78.7 318 3
8 22.0 £7.3 67.1 248 3
7 25.9 87.5 107.2 510 | 4
8 15.0 58.8 35.4 110 | 2
9 14.3 589 | 24.8 64 | 2
10 23.5 112.4 119.2 584 | 5
11 37.6 132.3 369.7 2279 7
12 35.3 137.0 288.7 1839 7
13 44.9 159.8 563.8 3637 8
14 28.8 123.9 207.8 11686 8
15 29.9 109.1 187.7 . 847 5
18 5.1 71.0 48.8 199 | 3
17 36.4 139.8 325.6 2040 | 7
| 8 20.7 87.3 20.8 427 | 4
| 13 i8.4 | 81.8 52.2 172 3
!_ 20 11.9 | 50.2 229 | 72 2
| 21 20.2 90.1 69.1 269 4
22 32.0 127.1 199.7 1431 8
23 17.6 80.0 56.1 210 3
24 30.5 113.6 202.0 1138 6
25 371 | 148.9 377.6 2315 7
26 39.9 152.7 414.8 2820 7
27 15.0 48.9 32.5 104 2
28 25.0 79.1 7.6 233 3
29 17.7 67.4 442 158 3
30 16.5 70.5 43.0 | 195 3
31 20.3 | 73.8 712 | 281 3
32 26.1 | 97.1 121.9 558 4
33 191 | 69.6 49.8 181 3
34 21.7 | i01.0 892 | 384 4
35 22.7 | 80.5 1002 | 553 5
36 265 | 1232 2840 | 1438 6
37 20.8 103.2 173.7 | 830 5
38 25.5 93.9 1130 | 564 4

39 22.5 185.9 SR e b vgin
40 24.4 70.1 72.8 534 3
41 21.8 68.5 58.8 200 3
42 34,7 133.5 275.2 1570 6
43 29.9 1035 | 1518 784 5
44 33.7 147.0 288.9 1745 7
45 15.7 76.6 41.0 150 3
48 10.7 86.7 85.9 280 4
47 455 163.2 454.9 8
48 34,2 142.7 251.6 7
45 16.0 43.1 20.7 i
50 28.0 107.3 183.9 8

NOTE: Shaced numbers were determined 1o Le outitars
and were dropped from the sample.
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Table 25. Sugar Plne Daia

Tol. Velurme| Mersh. Val
Dkhiob) Tat HL Smallan Scribner Mo, 16
Trea No. {inches). [fast) fcu. feel) (bd. feal) Logs
1 38.8 1220 348 2086.5 3
2 48.1 159.6 556 2861.5 ]
3 40,0 138.2 343 19B5.8 ]
4 20.0 89.7 51 146 4 3
5 28,9 138.2 170 B48.8 7
g 27.4 104.3 120 5688.0 Al
7 21.5 51.0 a5 48485 4
8 17.5 54.4 43 1678 3
g 24.5 114.5 132 7152 5
10 458 131.0 421 25128 7
11 15.0 BEi.6 45 208.0 4
1 33.2 136.1 255 1433.4 7
13 a35.4 1377 an 18614 7
14 38.3 143.8 316 1785.5 7
15 26.1 120.5 151 7928 5
18 237 119.8 135 707.7 [
17 18.8 70.5 53 211.3 3
18 14.0 70.1 29 85.8 2
19 12.2 235 19 49,8 2
20 13.2 52.1 23 862.5 2
21 17.4 50.2 ' 35 99.0 1
22 1.3 45.8 18 42.5 2
23 30.9 113.9 203 1138.9 5
24 38.7 143.5 347 2157.8 T
25 22.8 839 ga 4077 4
28 35.8 137.8 305 1721.8 7
27 29,6 144 5 247 1502.3 7
28 18.1 £9.5 52 185.7 2
29 28,9 13083 167 8942 1 [
30 25.5 1191 111 5418 i
31 17.1 g2.3 43 128.4 3
32 13.2 §7.3 28 121.7 P
33 33.4 136.4 254 1537.2 7
34 29.9 129.8 1590 1044.9 H
35 19.7 BB 4 £8 2045 4
38 27.6 121.9 144 853.1 5
a7 31.8 135.0 252 1586.5 5
38 23 121.7 121 £30.9 5
33 15.8 55.9 29 1128 2
40 18.0 71.0 45 183.4 3
41 21,30 830 £8 284.5 4
42 24.2 163.5 131 681.7 5
43 21.0 605 100 541.8 5
44 37.8 B0 288 1707 5
45 78.9 104.2 138 i B e e
a8 20.8 131.3 228 HEsEad B
47 19,3 78.9 55 2236 3
48 528 121.5 241 14514 B
40 23.8 1628 a2 428 5 &
50 2.5 1292 142 7L 7

NJTE: Snedad numbers were datarmined 1o be culllars
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White Fir Data

’ | Tot. Vol. | Merch, vm.}
Obh{cb) Tol. Ht. Smalian Scribner | Ne. 16

| Tres No. (inches) (foat) (cu. feet) | {bd. fesl) | Logs

| 1 15.3 99.9 54.2 212 4

’ 2 16.2 71.0 5.1 2G7 3

[ 3 27.5 109.4 195.2 1681 5

i 4 13.7 §6.7 46.8 165 2

[ 5 | 20.4 143.9 251.8 1421 7

| g 12.3 88.7 37.5 144 4

| 7 38.6 116.0 348.1 2068 6

i 5 28.4 155.0 267.7 1585 7

[ 9 24.2 117.8 116.5 585 5

[ 10| 11.2 57.7 27.5 104 2
11 | 34.2 159.3 351.8 2063 8
12 25.3 105.9 144.9 735 5
i3 45.6 188.3 780.4 51068 | 10
14| 22.1 133.8 185.7 912 5
5 | 19.2 120.8 | 89.0 449 5 |
15 21.4 i26.3 . 140.9 784 3 |
17 13.8 03.5 482 208 4 |
18 30.4 129.9 285.4 1750 | 8
19 | 38.2 140.0 400.8 2393 | 7

| 20 31.7 120.9 257.0 1376 | 5

i 21 32.8 102.4 268.8 1275 | 5

| 22 40,1 149.0 509.6 3247 | g

| 23 30.4 115.3 364.7 2045 | 5
24 26.2 118.1 155.9 818 | &
25 31.4 154.8 342.8 2110 | 8

i 26 16.9 77.1 59.9 285 | 4

! 27 16.9 37.9 68.8 298 | 4

. 28 35.0 136.8 338.5 198t | 7

| 29 45.8 155.6 507.5 3009 | 8

' 30 22.8 104.4 153.8 852 | 5

| 31 13.0 54.6 41,3 188 2
32 17.9 82.1 87.5 297 4
33 24.0 92.7 125.3 660 “
34 | 22.4 116.4 134.7 754 5

| 5 | 31.5 113.6 227.8 1352 5

|r 35 | 168 86.4 71.9 365 4
37 25.9 82.4 129.5 689 4
38 37.% 138.8 342.6 2120 6
3 . 20.8 120.0 | 1402 797 6
40 | 29.2 131.0 88.8 1464 5

l 41 | 32.7 142.4 327.7 1995 7
42 | 24.5 99.8 115.2 534 5
3 | 22.9 104.2 121.1 622 5
44 - | .15.0 71.1 47.6 219 3 |
45 20.3 98.0 87.9 438 4 '|
48 28.9 103.1 147.1 753 4 I
47 ! 28.5 126.8 | 2810 1716 | 3 |
48 | 322 111.8 2256 1185 | 5 r
45 | 25.8 120.8 204.5 3185 | 6 |

i 50 | 328 120.0 263.4 1485 | 6 |
51 r 28.9 129.3 2101 | 1177 | 5 [
52 35.7 158. 1 4153 | 2611 | 8 l
53 16.0 853 | 575 | 61 | 3 .
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