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SUMMARY

| Using data from more than 1,900 sample trees, combined variable (D*H) underbark volume equations were
developed and validated for six species, Eucalyptus fastigata, E. obliqua, E. radiata, E. nitens, E. viminalis
and E. cypellocarpa, onthe south-easttablelands of New South Wales. Average biasin volume prediction
varied from -0.009335 m? for E. cypellocarpa to 0.013521 m? for E. fastigata, with -0.001404 m? for
E. viminalis being the closest to zero. Mean absolute deviation in volume prediction ranged from
0.012126 m? for E. viminalis to 0.043568 m? for E. fastigata. Root mean squared deviation in volume
prediction was generally less than 0.10 for the equations, with the exception of the equation for E. nitens.
A further evaluation within DBHOB classes for E. fastigata showed that percentage bias was not greater
than five percent for all DBHOB classes and percentage precision was mostly smaller than 15 percent.

i Volume equations for species other than E. fastigata are provisional at this stage. They will be updated
when more data become available in two years’ time.
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Table 2. (cont.)

* As defined in Forestry Commission of New South Wales Research Note 17.
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METHODS

Because the diameter measurement intervals were relatively short, Smalian’s formula was used to
calculate underbark sectional volumes (m?) for each tree, apart from the tip volume which was calculated
as acone. Underbark diameters used in the calculation were taken as the corresponding overbark diameters
minus the sum of the two bark thickness figures. The sum of sectional volumes of each tree was taken as
the ‘true’ stem volume of the tree, although it may still differ from the real volume as would be obtained
through water displacement methods (Dargavel and Ditchburne 1971, Martin 1984).

The two most common forms of volume equation were examined to select the equation form for the six
species. The first was Spurr’s (1952) combined variable equation:

=a+bD’H (1)

where V is underbark stem volume, D is dbhob, H represents tree height. The second was the logarithmic
volume equation of Schumacher and Hall (1933):

V=aD*He @)

Spurr’s combined variable equation was fitted at first using least squares regression for each species. A
few anomalous points were deleted after their DFFIT statistics were examined. These anomalous points
might be due to measurement or recording errors or they might represent measurements from abnormal
trees. Since the least squares method assumes homogeneous error variance, a test for heteroscedasticity
was carried out using the method of White (1980). Because of the presence of heteroscedasticity the
equation was fitted again using weighted least squares regression with a series of four weights, these being
(D*H)'2, (D*H)™, (D*H)* and (D?H)*?. The statistics of Furnival's (1961) index of fit were calculated for
the equations fitted for each species. Furnival's index provides a relative measure of the departures from
linearity, normality and homoscedasticity of residuals simultaneously, with a smaller value indicating a
smaller departure and a large value indicating a greater departure. Indices of equations fitted using
different weights for each species were compared and the equation with the smallest value of Furnival's
(1961) index was selected as the combined variable volume equation for each species.

The logarithmic equation of Schumacher and Hall (1933) was also fitted for each species after taking
logarithms on both sides of the equation to satisfy the assumption of homoscedasticity in least squares
regression. Following the fitting, Furnival’s (1961) index was calculated and compared with that of the
combined variable equation to determine which equation form was the closest to the assumptions of least
squares method for each species. Values of Furnival’s index for the combined variable equation were 3%
to 34% (16% on average) smaller than that of the logarithmic equation for four species. For the remaining
species, E. fastigata and E. nitens, it was vice versa, with Fumnival’s index for the logarithmic equation
being 12% smaller than that of the combined variable equation.

The two equation forms were further compared in terms of bias and precision of their predictions against
the validation data. Several bias and precision statistics were calculated:
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n
Average bias = X (V-V)/N;
i=1
Mean percentage bias = EI. V/V, - DN;
=
n
Mean absolute deviation of volume prediction (MADV) = Ii | V-V IUN;
i=
n
Root mean squared deviation of volume prediction (RMSDV ) = (’E1 V-V N2,
1=
where V, is the stem volume of tree i and V_ is the predicted volume of that tree.

Because volume estimation involving logarithmic transformation may introduce bias when back transformed
from logarithmic values (Flewelling and Pienaar 1981), the predicted stem volume from the logarithmic
equation was corrected for log transformation bias before being tested against the validation data. The
correction was performed by multiplying the predicted values with Snowdon's (1990) bias correction
factor which is simply the ratio between the mean observed stem volume and the mean predicted stem
volume of trees calculated from data used in regression for each species.

Comparisons of the validation statistics of the two equation forms showed that the values of average bias
and mean absolute deviation for the logarithmic equations were smaller than that for the combined variable
equation for half of the species, while for the remaining species it was the reverse. However, the
logarithmic equations for four species had greater values of root mean squared deviation of volume
prediction than the combined variable equations, indicating their volume predictions being less precise
than that of the combined variable equations for these species, although they had one more coefficient in
the equations as well as corrections forlog transformation bias. Considering the values of Furnival’s index
of fit and the validation statistics and, in addition, the principle of parsimony, the combined variable
equations were chosen for stem volume prediction for all species.

Because the combined variable equations were fitted through weighted least squares regression with
different weights and weighted least squares regression involved fitting the weighted equation without an
intercept term, a generalized form of R? was calculated to compare the percentage of variation in stem
volume explained by the regression equations:

R=1-EV v E vy

where V, is the observed volume of tree i; V, is the predicted volume of tree i and V _ the mean volume of
all trees.

Bias and percentage bias and precision of stem volume prediction were further evaluated for E. fastigata
by dbhob classes using 2-5 cm intervals since this species had a large number of sample trees in the
validation data set. Bias and percentage bias were first calculated for each tree as follows:

Bias = (V-V,)

Percentage bias = (V-V) x 100 /V,

The standard deviation of bias and percentage bias were then taken as precision and percentage precision
respectively.
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RESULTS

The volume equations for underbark stem volume and the results of validation for the six species are
presented in Table 3. The generalized R? was greater than 0.97 for all equations. Average bias in volume
predictionvaried from -0.009335 m*for E. cypellocarpato 0.013521 m* for E. fastigata, with-0.001404 m*
for E. viminalis being the closest to zero. Mean absolute deviation in volume prediction (MADVp) ranged
from 0.012126 m* for E. viminalis to 0.043568 m? for E. fastigata. Although the equation for E. fastigata
had the largest values of average bias and MADVyp, mean percentage bias was relatively small in comparison
withequations forother species. Root mean squared deviationin volume prediction (RMSDVp) was generally
less than 0.10 for the equations with the exception of that for E. nitens.

Bias and percentage bias and precision in underbark stem volume prediction within dbhob classes were
shown in Figure 2 for E. fastigata. As expected, bias and precision increased with dbhob classes. While
values of bias were close to zero for smaller dbhob classes, they became greater for larger dbhob classes
and reached 0.12 m? for the largest dbhob class. However, percentage bias and precision did not follow
the same trend. Percentage bias was not greater than five percent for all dbhob classes, whilst percentage
precision was mostly smaller than 15 percent.

Table 3.  Regression coefficients of combined variable underbark stem volume equations (V=a+bD?H)
for the six species and the validation statistics for the equations. MADYV,, denotes mean absolute deviation
in volume prediction; RMSDVp denotes root mean squared deviation in volume prediction. Standard
errors of the regression coefficients are in brackets.
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Figure 2. Bias and percentage bias (columns) and precision (lines) of underbark stem volume
prediction within dbhob classes for E. fastigata. Numbers attached to the horizontal axis indicate the upper
boundaries of the dbhob classes, except for the smallest dbhob class which included all trees with dbhob
smaller or equal to 12.5 cm and the largest dbhob class which included all trees with dbhob greater than
45 cm. The number attached to each bar indicates the number of trees in the corresponding dbhob classes
used in validation.
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DISCUSSION

The volume equations developed in this study were based on the data currently available, which consist
of more than one thousand samples of regrowth E. fastigata, but considerably fewer samples of other
species (Table 1). The bias and precision of volume prediction within diameter classes for these species
could not be reasonably examined because the sample size would be too small for many diameter classes.
Volume equations for these species are provisional at this stage. They will be updated when more taper
data become available in two years’ time.

The data used to develop the volume equations were from trees originated from seedlings, coppice and
double leaders. More precise volume prediction would have been achieved if trees originated from
seedlings were separated from coppices and doubleleaders. However, unless forest management routinely
categorises trees in such a way, it is of little practical value to develop separate volume equations for trees
of different origins.
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