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Inside bark diameten of young-growth red fir can
be estimated [rom the relstonship of nside bark
diameter to outdide bark diameter at breast height
Inside and cutside bark diameten were obuined from
stem analyses of 562 trees distnboted scross 56 sam-
pling locations in the true fir forest type of California
and southern Oregon.  The resulting equation can
predict inside bark dismeter nx & funciion of cutside
bhark diameter. Because nand bagal ares snd site index
also influence the inside-omside bark dismeter rela-

he diameter of a tree a1 breast height
(4.5 fi* above the ground on the uphill
gside of the tree) is a basic measurement in
forest inventory, This diameter, measured
outside bark, is perhaps the only variable
closely related 1o ree volume that can be
quickly and accurately measured on Jarge
numbers of trees at low cost® However,
reliable estimates of diameter inside bark or
average bark thickness are needed for wood
volume calculations. Intensive studies of
growth and yield also require information
on bark thickness, rates of bark growth,
and the relation between bark growth and
wood growth. Indirect estimates of inside
bark diameter, bark thickness, and relative
rates of bark and wood growth can be de-
rived from the relationship betwesn breast-
height diameter inside bark (dib) and
breasi-height dinmeter outside bark (dob).
This note presents equations for predict-
ing dib from measurements of dob and for
predicting dib as a function of dob, basal
arca, and site index for young-growthred fir
in California and southern Oregon. Proce-
dures for using the predicted dib, in con-
junction with radial wood growth as meas-
ured from increment cores, to estimate tree
diameter 8s of some past date are described.
Since California red fir (Abies magnifica

| tionship, an additional equation that inclodes both of | A, Murr.) and its commonly recognized

these independent vanables is given. Weighted,
nonlinear regression was used 10 estimate the squation
coefficients. Application of the prediction equations
in calculating past tree diameters is discussed.

Retrieval Terms! Abier magnifica, diameter estima-
tion, bark thickness, past diameters, Californis, Ore-
gon

' botanical variety Shasta red fir (Abies mag-

nifica var. shastensis Lemm.) are believed
1o be almost identical in silvical charactens-
tics,” no auempt was made to distinguish
between them during the sampling phase of
the study, In this note, they will be referred
to collectively as red fir,

1

METHODS

Data for this analysis were collected as
part of a larger study to develop growth and
soil fertility models for red fir within the
range of its natural distribution. This range
extends from latitude 43°35' N. in the
southern Cascades in Oregon to the Kemn
River drainage in southern California, lati-
tude 35°40° N.* Elevation ranges from
about 5,000 to 9,00 feet.

A total of 56 sample sites, randomly se-
lected from candidate young-growth red fir
stands within the study area, were exam-

cned during the field scasons 1984-1988.

Young-growth stands were defined as thasa
inwhich at least 75 percent of the trees were
120 yearsold or younger at breast height At
each site, 2 1o 5 (depending on stand com-
pasition) variable radius subplots were es-
tablished for measuring tree growth, stand
composition, and site factor variables. Al
each plot, from 2 1o 4 randomly selected
trees (excepl trees with damaged tops or
those less than 3.0 inches dob) were felled
and sectioned for collection of stem analy-
sis data, In addition, one dominant red fir
“site tree™ was felled and sectioned on each
plot. Data from these dominant sile trees
were combined with the data from the other
dominant, codominant, intermediate, and
suppressed {elled wees for this analysis.
Each tree was marked at breast height
before felling. After felling, across section
was cut atthe breast-heightmark. Diameter
outside bark was measured at the breast-
height mark with a diameter tape and re-
corded (o the nearest 0.1 inch. Avemge
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bark thickness was determined by averag-
ing fouruniformly spaced measurements of
berk thickness, sach taken to the nearest
(.05 inch, by the “wood-10-1ape™ method *
Diameter inside bark was then calculated by
subtracting twice the average bark thick-
ness from the dob measurement.

Site index (towal height of dominant trees
it 50 years breast-height age) for each plot
wis determined directly from stem analysis
of the site trees. Basal area (%/acre) around
each plot center was estimated by counting
all trees that qualified for tallying with a
basal area factor 20 wedge prism. Descrip-
tive statistics for the data set are presented in
table 1,

model,

dib=h, +b,dob+e
in which

(1)

dib = diameter inside bark at breast
height in inches
dob = diameter outside bark at breast
height in inches
b, = regression coefficients
¢ =a random error component with an
expected mean value of zero and
variance of o?
was fit 10 thedata by weighted least squares
regression. Weights of 1.0/dob, 1.0/dob?, 1/
dob®®, and 1.0 (unweighted) were tried.

which forces the regressions through the
origin, was fit to the data. Furnival's index
of fit indicated the weight of 1/dob provided
the best fit of this equation and showed
considerable improvement in fit over equa-
tion |, Equation 2 resulted in reasonable dib
predictions for very small trees, buta plot of
the residuals revealed an unacceptable
wend (variance mot constant), resuldng
from forcing the regression through the
origin,

Since the linear models did not give satis-
factory results, anonlinear model was fitto
the data with weighted, nonlinear regres-
sion. The model

b‘l
dib=b,dob +e

(3

ANALYSIS OF DATA

The data were analyzed with two main
objectives in mind; (1) to develop equations
for predicting current diameter inside bark
when the current diameter outside bark is
known, and (2) w esumate outside bark
diameter as of some previous date when
current dob and the amount of radial wood
growth that has occurred since that dale are
both known.

Predicting Diameter Inside Bark

A plotof the data indicated a strong linear
relationship of dibtodob (fig. /). The linear

Diameter outside bark {inches)

Table 1 —Descriprive statistics for the 587 young-growth red fir o
trees in the dato set '§
S =
—— S
I I Range Standard E
4
Chareteristic. | Minimum | Maximum Mean deviation %
|J‘Ilﬂ1tEﬂ ouside @
bark {inches) 30 320 161 564 . 4
E }
Hameter ingide E
hark (inches) 15 9. 144 513
()
Sue index (Teot) 18 113 558 1548
G L I I ] T ¥ ] L !
Bagul area 0 6 |12 18 24 30 36
(i /ncre) 40 600 28562 112.54

Flgure 1—Diameter insida bark platted over diameter outside bark for
562 obeervations of young-growth rod fir trees in Calitornia and south-
om Oregon. The solid lina reprosents the regression equation 3.

Furnival's index of fit,* computed for each
regression, showed that the weight of 1f
dob®* provided the best fit for the data. Over
the range of diameters sampled (table 1),
equaticn 1 resulied in a good fit of the data;
however, it resulted in negative predictions
of dib for very small trees (less than 1/4 inch
dob). This seemed unacceptable since the
models are specifically for young-growth
lrees,

To avoid the negative dib predictions, the
linear model,

dib = b dob + ¢ 2)

2

used by Ritchie and Hann® for Douglas-fir
in western Oregon and by Larsen and Hann”
for six conifer species in southwest Oregon
resulted in reasonable dib predictions for
small trees and eliminated the undesirable
trend in the residuals. A plot of equation 3
18 superimposed on the original data (fig. 1 ).

Although Ritchie and Hann®and Larsen
and Hann® used the weight of 1/dob? in
fitting the model, comparison of Furnival’s
index of fit indicated the weight of 1/dobre-
sulted in the best fit of the red fir data. The
asymptotic estimate of the 95 percent confi-
dence interval about b, does not include 1.0,
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indicating the nonlinear trend in the model
is significant.

Based on the assumption that the growth
rate of a ree would affect the relative rates
of bark growth and wood growth, two addi-
tional variables that reflect site quality and
stand density were included, Equadon 3
was expanded 1o include site index (S1) as
an indicatar of site quality, and basal arca
peracra (BA), which provided an estimate
of stand density. The expanded model,

dib=b.dob*+ b,SI+bBA+e (4)

was also fitto the data using the weight of 1/
dob. MNeither of the asymptotic estimates of
the 95 percentconfidence intervals about b,
ar b, included 0.0, indicating each variable
was significant at the (.05 level. This indi-
cation of significance differs from the find-
ings of Monserud® who found that these
varighles did not significanty afiect the diby
dob refationships for Douglas-fir in north-
em Idaho and northwesiern Montana.

Each treg was treated as an independent
observation for~the development of the
prediclive equations. [n actuality, the clus-
ters (which were randomly selected) are the
experimental units, and treg measurements
are sybsamples within the clusters. Ifall the
trees.at each cluster had been measured, ig-
noring this randem cluster eifect would
resull inoan undercstimate of the variance
assccialed with the repressions. However,
since the equations were developed from
stem analvsis data of only a few tregs ateach
cluster, the random cluster effect was not
cansidered significant in calculating the
variance estimates. The standard error
given for each equation (rable 2) may be
shghtly underestimated.

Estimating Past Diam eters

Estimates of breast-height diameters
outside bark for trees as of some previous
date are useful in growth and yield studies,
Past diameters of rees on lemporary plots
are compared Lo current diameters Lo deter-
mine periodic basal area growth. The in-
crease in diameter during the period is the
result of increase in thickness of both wood
and bark, and both must be accounted forin
converting present diameters outside bark
to equivalent past diameter. Two measure-
ments at breast height are needed for cach
tree: (1) diameter outside bark and (2) aver-
age radial growth of wood for the desired
period as measured on an increment core.

A method for converting dib back to dob
is also needed 1o obtain an estimate of past
dob. The model

dob = b,dib b +e (5)

was fitied to the data by weighted regression
using weights of 1.0/dib, 1.0/dib?, 1.0/dib™,
and 1.0 {unweighted). Furnival's index of
fit for each regression indicated the weight
of 1.0/dib® provided the best fit for the data.
The esumation of past dob is, then, a four-
step process:
«Measure current dob and radial wood
growth for the desired period.
«Canvert current dob o current dib using
equation 3 or 4,
=Subtract twice the radial wood growth
from current dib to obitain past dib.
*Convert past dib 1o past dob with esguation
3.
When a sequence of measurements and
estimates is used in this manner, the propa-
pated error is likely to be substantally

Table 2—Regrestion coefficients, slandard srrar of dstimate, and Furaival's index of fif for the pradiction

o Ll ies
| Cocfficient Standard Fumival's
| emror of index
| Equation b, b, by b, b, estimate af fit

i 0305 050714 (1.4036 0.7595

2 0.89295 04121 03708

3 (L6951 1.00%83 03,4033 03672

4 0.83560 [.o2073 000481 000048 3768 0.3457

5 1.17949% 098027 04403 04119

3

greater than that indicated by the indices of
fit for either equation.

RESULTS AND DISCUSSION

Table 2 prosents the regression coelfi-
cienis and the associated statistics for the
five equations fitted with the data. When
stand density and site index information are
available, equation 4 is recommended for
obtaining the most precise predictions of
dib, The negative coefficient for basal area
indicates that for trees of the same dob,
those growing under higher densities will
have thicker bark. The positive coefficient
forsiteindex causes an increase in predicted
dib; for trees of the same dob, those on
higher sites will have thinner bark. In gen-
eral, the ratio of bark growth w wood
growth will be higher on slower growing
ees,

If dib predicuons are not needed for small
trees (less than about 5 inches in diameter at
breast height), the linear relationship given
by equation 1 will result in suitable predic-
tions of dib for trees in the range of 5 o 30
inches dob. However, when more precise
predictions are required for the full range of
diameters from 0.0 w0 30 inches, use of the
nonlinear model (equation 3) is recom-
mended if site index and stand density in-
formation are not available.
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