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ABSTRACT

The history of rainforest volume equation preparation in Queensland is briefly reviewed.

Analyses by individual species are presented from data previously used to genmerate
cquations for species groups based on silvicultural desirability rather than similarity of
volume relationships. The many significant differences between species indicate that such
gronping is undesirable.

No differences were found betwecn trees of the same species from virgin and previously
logged areas. The relationship between volume and basal arci.is strongly lincar for most
well represented species, but a reduction in slope above ca. 80-90 cm dbh is desirable in
some species. For species with only a few data, volume lines constrained to pass through a
fixed origin, as in tariff systems, arc suggested. A general equation is provided for
application to specics not represented in the data.

INTRODUCTION

Apart from very carly (pre-war) volume tables for assessment purposes, the production of
volume functions for North Queensland rainforest species commenced in the 1950%
following the location of research personnel at Atherton and the commencement of a
program of detailed sample tree measurcment. Early work involved the graphical
construction of two-way (dbh and merchantable height) volume tables for the important “A*
group species such as Qucensland maple, northern silky cak and kauri pine. Equations were
devcloped in 1966 and 1971, using all available sample tree data, incinding trees measured

by M. Passmore’s survey gang as well as the rescarch material. These equations were

produced to mcet the requirements of users in research and resources to estimate volumes
by the then current silvicultural groups -

1966 (1) A group specics
(2) B, C and D group specics combined

1971 (1) A group species
(2) B, C and D groups, non-buttressed species only
(3) B, C and D groups, buttressed species only

These equations estimated volumes as calculated from the sample tree measurcments,
assuming a 60 cm stump, and subsequent checks showed that they scriously overestimated
the volumes of logs actually obtained in marketing operations (Henry, 1980). In addition to
failure to account for high stumps, butting and other defect, doubts exist as to the method
of dbh measurement used, At that time there was a school of thought which held that dbh
should be measured at 1.3 m above ground, irrespective of the presence of buttresses or
other stem irregularitics. The anomalous stem shape and bark thickness at the base of some
of the sample trecs suggest that this procedure was indeed followed. While the samplc trees
remain an essential source of information on bark thickness and stem taper, their nse in
functions to predict log volume is questionable.

Higgins (1977) prepared two-way equations for the same species groups (A and BCD) from
data obtained in logging operations. The indcpendent variables were dbh or diameter above
buttresses (dab) as appropriate, and log length instead of merchantable height, while the
dependent variable was the log volume as calculated in marketing practice. Functions
relating log length to dbh were also developed. The equations are included in Appendix 6 of
Vanclay et al (1987). Higgins also generated one-way equations by substituting his log
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length ¥unctions into the two-way equations. However, these cquations have always been
suspect’, and it appears that a high proportion of the recorded dbh’s were estimated rather
than measured. The log length functions were unsatisfactory, cxplaining less than 10 per
ccnt of the variance in all cases, which must cast doubts on their use in preparing the one-
way equations. In addition, validation with more recent data suggested that the regression
model used was inappropriate.

More data were collected over the period 1968-80 in the course of logging damage studies,
removals from inventory plots and as special collections in current logging operations. The
dbh or dab measurements were carried out by research or resources personnel in accordance
with present standards, while log length, centre diameter and volume were obtained from
marketing records. These total about 2 000 trces, and meet all the basic requirements for
the development of equations to predict log volume from the data normally recorded in

inventory and research plots. They were used to prepare one-way cquations for Resources in
1981 and Research in 1982, with groups as follows -

1981 (1) virgin, species group 1
(2) virgin, species group 2
(3) virgin, species group 3
(4) virgin, species group 4
(5) loggced, species group 1
{6) logged, specics group 2
(7) logged, spccies group 3
(8) logped, specics group 4

1982 (1) virgin, silvicultural group A
(2) virgin, silvicultural groups B, C & D
(3) logged, silvicultural group A
(4) logged, silvicultural groups B, C& D

These equations are listed in Appendix 6 of Vanclay et al. (1987). The species groups used
were derived from the requircments of trcemarking and other silvicultural operations,
without any consideration of similarity of volume relationships. The distinction between
“virgin" and “logged” was made on the assumption that second cut stands would have
relatively lower volumes because of lower average log lengths, and appeared to be
supported by overall comparisons of the grouped data. A major criticism of this method of
arbitrary species grouping lics in the assumption that the distributions of specics and sizes
are comparablc in the data and the stands in which the equations will be used. The present
data set largely comprises a small number of intensive, geographically restricted collections,
and the relative species frequencics reflect this.

In 1985, the samec data sct was uscd to preparc three two-way cquations (dbh and log

' Examination of Higgins' working documents indicates that he was fully avare of the limitations of his volume
:qultmm. At the time he was concerned with developing an overall system rather than optimizing individual
unctions.



length), with grouping into high, medium and low volume species based on actual volume
relationships rather than arbitrary external criteria (Appendix 6 of Vanclay et al., 1987).
For individual species, there was little corrcspondence between these groups and those to
which they had been previously assigned. The inclusion of log length as a variable in the
two-way cquations explains a major part of the variation in volume and permits this simple
method of grouping to give satisfactory resulis when the equations are applied over wide
arcas. However, in the casc of one-way cquations, species with similar bark thickness and
tapcr may have markedly different average log lengths, and not fit into groups appropriate
for two-way cquations. The present study arose from the need for improved one-way
equations for use in yield calculations where the inventory did not include estimation of log
length, and for long term growth projections in the absence of effective functions for
predicting changes in log length over time.

MATERYTALS AND METHODS

The data sct used to develop the 1981 and 1982 one-way cquations, and the 1985 two way
cquations, was again employed in the present study. In all, 1 982 trees covering 99 species
were included, with a wide range in numbers and size class representation (Appendix 1). As
a preliminary step, volume was plotted against basal area for cach species (Appendix 3).
Eight anomalous points , as shown in Table 1, were rejected as outlicrs after checking for
crrors in transcription or data entry.

Table 1. Details of rejected data

species code® dbh/dab log length volume reason
(cm) (m) (m)
BRC 76.8 153 7.828 high
BRO 77.0 33 0.701 low
CHS 88.5 45 1.403 low
MRR 518 132 2778 high
NSR 85.2 39 1.501 low
QWN 168.5 15.6 14.152 low
very high dbh
RBS 40.4 63 1.093 high
centre diameter>>dbh
STS 96.5 8.1 1.885 low

¢ The three character "FRB code” is used for all specics references.
Sec Appendix 2 for full botanical and common names.

Regression analysis was carried out with the programs plot, frap and frag, and mult was
used for comparisons; genstat was used for multivariate analysis. A few small programs

were written for data manipulation and calculation of standard errors for weighted
regression.

RESULTS
From the plots of data by individual species, the relationship between volume and basal arca

gencrally appeared to be strongly linear, but with a wide range of slopes, intercepts and
variance in volume (Appendix 3).
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Before proceding further, differences between data from virgin and previously lopged stands
were re-examined on an individual species basis. Regressions for cleven species with at least
10 trces from cach of virgin and logged areas were considered, with results as shown in
Table 2.

Table 2, Comparisons of regressions for virgin and logged stands

specics number of trees difference
code virgin logged (p—=0.05)
HKA 11 29 ns
KRS 18 17 ns
MSW 97 68 ns
NKR 56 33 ns
NSO 69 70 ns
NSS 20 35 ns
QMP a3 55 intercept
QSA 5 | 17 ns
RDT 26 13 ns
YLS 14 18 ns
YWN 27 55 ns

In all cases, differences in slope were not significant, and only onc species (QMP -
Queensland maple) showed a small significant difference in level. Examination of the data
suggests that this is an artifact associated with an unusual size distribution in the logged
subset, which includes a group of small trees derived from commercial thinning in a 40 year
old enrichment planting.

On the basis of this analysis, it may be acccpted that separate equations for virgin and
previously logged areas are not justificd for individual species. The differences found with
the grouped data in 1981/82 appear to result from the uneven species representation in the
two subsets. There may also be confounding geographic or site effects, but the data are
insufficient for analysis of these variables.

To test the assumption of lincarity in the volume-basal arca rclationship, nine species were
selected with a good rcpresentation of data cxtending to large sizes ( > 100 cm dbh). After
partitioning at 90 cm dbh and also at the median dbh for each species, separate volume lines
were calculated for the small and large trees. The results of comparisons are presented in
Table 3.

Table 3. Comparison of regressions for amall and large trees

species number partitioned at difference partitioned at difference
code of trees dbh of (cm) (p=0.05) dbh of (¢m) {p—=0.05)
MSW 165 90.0 ns 66.0 ns
NKA 15 90.0 ns 96.4 ns
NKR 89 20.0 ns 83.0 ns
NSO 139 90.0 ns 756 ns
QMP 88 90.0 ns 60.0 ns
QWN 23 90.0 ng 96.5 ns
STS 121 90.0 ns 70.0 ns
WES 34 90.0 slope 84.7 slope
YWN 82 90.0 ns 68.5 intercept

Examination of plots of the WES data indicates that the slope difference is due mainly to



two large trees. Similarly, the difference in intercepts for YWN, which is dependent on the
point of partitioning, is accounted for by a group of middle-sized trees. In both cases, there
would be no practical advantage in using more complex models. A quadratic can be fitted to
WES, but it overestimates for small trees, and would grossly overestimate volumes of large
trees if cxtrapolated. Other variables do not enter the YWN equation in the presence of a
lincar term. In general, these analyscs confirm that a simple volume-basal arca line is
adequate for both large and small trees within a specics.

A further check on model validity was carried out on the six best represented species
(MSW, NKR, NSO, QMP, STS and YWN). For each of thesc, subsets of 40 to 50 data
covering the full size range were extracted and the volume equations compared. In all cases
the differences were not significant. However, when this process was extended to subsets of
20 trees, significant differences between equations began to appear. Whilc cxamination of
the data generally suggested a reason for the differences, such as large trecs with above or
below average log length, the nced to excrcise care and judgement when dealing with small
data sets is evident,

Since the nine species included six (MSW, NKA, NKR, NSO, QMP and QWN) which had
previously becn included in a single "A* group equation, the individual volume lines werc
compared to detcrmine whether such grouping was justified. Results are summarized in
Table 4.

Table 4. Comparison of regressions for mine species

NKA NKR NSO QMP QWN STS WES YWN

MSW I S V(s) V(s) V(n) N V(s)
NKA s 1 N V(n) N V() N

NKR V(s) V(s) S V(s) s V(s)
NSO S V(n) N V(n) I
QMP V(s) S V(s) N
QWN V(n) N N
STS N S
WES N

V = species differ in variance
S = species differ in slope (homogencous variance)
I = species differ in intercept (homogeneous variance, same slope)
N = species are not significantly different
Lower case characters in parentheses indicate nominal test
results if non-homogeneity of variance is ignored.

Even closely related species (MSW & QMP, NKA & NKR) differ significantly, and there is
little indication of any groups which could be built without loss of precision. The many
differences in variance support the retention of individual species if valid estimates of error
are to be obtained.

A further attempt at grouping was carricd out using 64 species for which a reasonable
volume line could be obtained. However, multivariatc analysis of the regression parameters
(slope, intercept and residual mean square) did not indicate any obvious gronps, and it was
decided to proceed on the basis of preparing a separate cquation for each species.
Computational convenicnce may have been a factor in the use of a small number of groups
previonsly, but this is no longer a problem.

Since the individual volume lines when plotted together bear some resemblance to a “tariff”
volume table system (Hummel, 1955; Hummel et al.,1962; Turnbull and Hoyer, 1965;




Hamilton, 1975), and the use of a fixed origin had proved cffective previously for the two-
way cquations, the possibility of using this approach was examined. Anpalysis of the 64
volume lines indicated a tariff origin at a basal area of 0.155 m? and a volume of 0.868 m3,
which is above the minimum dbh limit required for application of the equations in practice
(30 cm dbh or 0.126 m” basal area), and neither this nor an arbitrarily selected lower origin
showed much promise. However, some clements of the tariff systcm were later adopted for
species with only a few data points,

It was noted that some equations predicted very small or even negative volumes at 40 cm
dbh, but any trces of this size either included in the data or cnumerated for volume
estimation would contain at least a 2.4 m minimum log length, representing an appreciable
volume. The relationship between log length and volume at 40 cm dbh js illustrated in
Figure 1, using data for all species in the dbh range 39.0 to 40.9 cm.

1 —
0.8 —
0.6 -
Yolume
0.4
0.2 - volume = 0.047014 + 0.083416(log length)
n = 42, R2= 0.90
0 y ) ) ] T
0 2 -4 6 8 10

log length (m)
Figure 1. Relationship between log length and volume at 40 cm dbh.0

The equation predicts a volume in the range of 0.247 m® for the minimum 2.4 m log to
0.923 m* for the maximum log lcogth encountered of 10.5 m. Species in which the volume
cquation predicted values outside this range were critically examined to determine whether
some corrective action was desirable. Often weighted regression was effective, using the




reciprocal of basal arca squared as weight. However, this was not appropriate in all cases,
and other techniques were also employed, as discussed below. Although weighting is
commonly required to normalize variances when generating volume equations, many
rainforest species exhibit unexpectedly uniform variance as compared with encalypts, for
example. However, when diverse species are grouped, as in the 1981 and 1982 cquations,
the usunal trend of increasing variance with increasing basal area becomes evident.

Although the general suitability of the volume-basal arca line had been established, it was
clear that simply computing a regression for each species would not be sufficient in all cases.
Seven categories werc recognized as requiring separate consideration, and these are
discussed below. Full details of the equations adopted for all species arc presented in
Appendix 2, and are shown plotted with the data in Appendix 3.

1. Species with a very wide range of sizes and a strong linear trend throunghout.
MSW NKA NKR NSO QMP QWN STS WES YWN

These are the nine species considered previously, and include some of the most important
and valuable commercial specics. Together they represcnted almost half the total cut in
1984-85 (Table 14 of Vanclay er al.. 1985). They include species with the highest maximum
dbh (100 c¢m) for retention in treemarking, and most are well represented in the volume
equation data. The simple volume lines were adopted, except that weighted regression was
used for NSO and STS to improve the fit for small trees.

2. Species with a more restricted size range (usnally less than 90 cm dbh), and linear
throughout.

BLA BLO BNQ BRO BRQ BRT BSO BWD CBH CLO
FSO GCB HKA NSS QSA RBN RBS RCD RDT RES
RSR SBH SPO SSW WBH YEV

Most of the 26 specics in this category are commercially important, but generally do not
attain the large individual diameters of category 1. A straight linc relationship is again
adequate for all species, but with quite a wide range of standard errors. Weighting was
required for tea species(BLA BNQ BRQ BSO BWD CBH GCB QSA RBS RES), cither to
standardize variances or to improve the fit for small trees. Data extend at least up to the
maximum retention dbh in all except a few species. The latter include GCB and RCD which
develop prominent butresses and might not fit into this category if the sample included some
very large trees. Comparisons amongst the 26 equations showed significant differences in
the majority of cascs, but there are indications that grouping of some species might be
considered for further investigation. The technique suggested by Vanclay (1989) would be a
good starting point.

3. Species with a wide range of sizes, linear up to about 90 cm dbh, but with larger trees of
relatively low velume

BBN CHS GRS JHR KRS LPS MGN PPW RAL SLQ
WCW YLS (also for BSL NSR PBS STO)

These species are also commercially important, with an aggregate volume cut greater than
for category 2. Whilc generally they yield relatively few large trees (>90 cm dbh), those
that are present in the data often have volumes below those predicted by extrapolation of
the well defined lines for smaller sizes. This is clearly due to the development of defect, and
consequent reduction in effective log length, in large trees. The use of two-way volume
cquations can greatly rednce the effect, but the problem remains for one-way equations.
Rejection of these points as outliers will introduce bias in volume estimates and weighting
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does not give a satisfactory result. In addition, the data are too few and too variable to
define a better form of equation. However, an appropriate correction can be introduced by
reducing the slope of the volume line for the large sizes.

Combining the data for twelve species permitted the devclopment of scparate overall
volume lines for smalil and large trees. The data were initially partitioned at a basal area of
0.636 m?, corresponding to a dbh of 90 cm, but a few iterations established 0.554 m2 (84 cm
dbh) as a better average value. The two equations were

Below 0.554 m>  volume = -0.48268 + 9.21868 (basal area) (n=341, R2=0.62)
Above 0.554 m*>  volume = +3.30782 + 2.41209 (basal area) (n=57, R2=0.50)

The ratio of these slopes (2.41209/9.21868 = 026165) was then used as a multiplier to
adjust the slopes of the upper parts of the volume lines for individual species. In six species
(BBN JHR KRS LPS WCW YLS) the dbh of 84 cm was a suitable point for the change of
slope, but examination of plots of the data indicated that 90 cm was more appropriate for
five (CHS GRS MGN PPW RAL), while 95 cm was used for SLQ. The two cquations are
shown for each of these species in Appendix 2. The simplest method of use is to evaluate
both equations for cach tree and accept the smaller value.

This adjustment was also applied to four other species with only a limited size range in the
data (BSL NSR PBS STO), on the basis of known development of defect in large trees (E. J.

Rudder pers. com.). The change of slope was made at 70 cm dbh for BSL, 84 cm for NSR
and PBS, and 90 cm for STO.

4. Species with only a few sets of data (typlcally less than 5)

BGC BLD BOW BRW BSH BSW BWA CBM CCA CDG
CKS CMY DMN EVD HAL HMW NBM NRW NTG NYB
PKA PKS PMR RMH RPN RSW SBN SKC SMH SSA
TRQ WBW WCB WSO YBA YBW

Individually, most of the species in this category comprise only a small proportion of the
total merchantable stand, although the relatively limited areas from which the samples were
obtained may coatribute to the poor rcpresentation in some cascs. Collectively, however,
they represent a significant volume. The data for individual species arc too few to permit
the fitting of meaningful equations directly, nor does combining the data give a satisfactory
overall cquation for the group, because of differences between specics. The tariff concept,
which had been rejected as a general approach (p. 5 supra) was then re-cxamined as a
means of producing acceptable volume lines from small numbers of data.

"-tariff studies are concerned with the characterization of the volume-dbh relationship of
the trees in an cven age homogencous stand, this relationship usually being accepted as one
of linearity between *usable timber volume’, (V say) and *basal area’ (BA say), the line being
constrained to pass through a fixed point on the BA axis” (Rennolls and Tee, 1983)

The most important part of this definition in the present context lies in the lines being
constrained to pass through 2 fixed point. Rainforest is neither even aged nor homogeneous,
but the linear relationship between volume and basal area has been clearly established for
individual species. A tariff origin of zero volume at 0.0484 m? basal arca was determined
from the equation for all specics (other than the nine of category 1) as nsed for category 7
below. I‘hismconsideredmorenﬁsfwmuagenmlodginthmonedcﬁvedonly
from the species with few data.

Regressions constrained to pass through the tariff origin were compnted for cach species,




and these are included in Appendix 2. Because of the fixed origin, these tariff volume lines
are all quite reasonable, even for the extreme case of a single data point. However, the
small numbers of data and lack of independent validation mean that they must be applicd
with caution. An alternative is to usc the all specics equation.

Other aspects of tariff methodology, such as thc use of fixed tariffi numbers and
determination of a mean tariff number from the individual sample trecs were not included in
the present study, but would be worth pursuing if suitable data were available. Another
useful feature of a tariff system is that relativity between species is maintained for all sizes.

5. Anomalous species (very low slope, high slope, large intercept, low correlation, etc)

ALB BKP BRC BRP BTP MRR NEV NHQ NTQ PMH
STC STP

These species were identified after the prcliminary regression analyses, but were not
initially considered with the tariff gronp.

ALB, BRC, BRP and MRR gave non-significant regressions with low slopes and positive
intercepts. In the case of ALB, which does not reach large size, the effect appears to be an
artifact of the limited range in the small data sct. The use of the tariff approach as in
category 4 above provides a satisfactory alternetive, which also avoids the prediction of
cxcessively high volumes for small trees. A high level of defect, increasing with size, is
characteristic of BRC, and explains both the widely scattered data and the low slope of the
volume line. Here again the tariff can be used to give more reasonable volume estimates for
small trces, but since large, defective trees are occasionally encountered, a reduction in
slope as in catcgory 3 above is also considered necessary. The change of slope has been
arbitrarily set at 80 cm dbh. MRR is another species in which defect increases with size, as
a result of buttress development. Estimates of small trec volumes arc again rather high, but
arc supported by the data and the regression as calculated has been retained. The data for
BRP, though few, cover the size range normally encountercd, and as the regression is a
satisfactory fit it has also been accepted.

BKP, NEV, STC and STP produced significant regressions with very high slopes and large
negative intercepts, which would predict impossibly low volumes for small trees. There is no
satisfactory explanation for this behavior, but the limited size range in the data may be a
contributing factor. The tariff approach resolves this problem.

The data for PMH also cover a very small size range, but with no obvions relationship
between volume and basal area. The tariff is again cffective.

BTP, NHQ and NTQ gave regressions which did not reach significance at the conventional
0.05 probability level Although the data were rather widely scattered, the volume lines
were considered satisfactory and have been accepted.

6. Specles which are grouped in marketing practice

FRB codes grouped H & M code
BNQ + BROQ BRQ

BRT + BTP BRT

CBH + CBM CBH

NKA + NKR NKP

QSA + SSA QSA

STC + STP STP

YBA + YBW YBW
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Specics with similar timber propertics may not be distinguished in marketing practice, but
simply referred to by a single group name (the "H & M" code). This procedure has also
commonly been followed in resource asscssments. In order to provide equations for these
groups the only possible approach is to combine thec available data for the component
spccies, even though the individual species may have significantly different eguations, and
the proportions of each specics in the group may be unrepresentative. Weighting was used
for BRQ, CBH and QSA, as in the individual equations. It was also required for the
combined NKP, which merged two significantly different data scts.

7. Other species not represented in the data

The "Treemarking Guidelines for North Queensland Rainforests* (Appendix 1 of Preston
and Vanclay, 1988) lists 101 compulsory and 33 non-compulsory commercial rainforest
specics, for which volume estimates may be required, while the present data set includes
representatives of 81 of the compulsory and 11 of the non-compulsory species. All of the A
and B group, and 80 per cent of the C group species are included, most of the unrepresented
specics being in the less desirable D and non-compulsory groups. In order to obtain volume
estimates for the unrepresented species, a gencral cquation has been provided. This was
derived simply by pooling all the data except for the nine species of category 1, and is very
similar to the B, C & D group equations of 1982, Because of the diversc volume
relationships within the grouped data, variance incrcases markedly with increasing basal
arca, as compared with many of the individual species. The large, low-volume trees of
category 3 were also included, but arc no longer obvious amongst the general variation.

APPLICATION

Since the volame equations will be nsed almost entirely within computer programs, there is
little neced to evaluate them for presentation as traditional volome tables, mor is the larpe
numbcer of equations a problem so long as efficient software is available to access them. The
equations listed in Appendix 2 have all been added to the computer files used by the native
forest volume equation systcm, and can be accessed by software developed by Peter Gordon.
A description of this software is included here as Appendix 5. The 1977 Higgins equations,
the 1981 and 1982 one-way equations, and the 1985 two-way equations can also be accessed

within the system, giving the uscr a range of options for cstimating volumes or for checking
previous calculations.

CONCLUSIONS

The work reported in this paper has demonstrated the wide range of volume relationships to
be fonnd amongst rainforest species, and the effect of this on the development of one-way
cquations. Groups based on silvicultural desirability, as used in the past, include many
specics now shown to have significantly different volume equations, and the use of individual
species rather than group equations must give more precise volume estimates. Previous
consideration of group equations had indicated that trees in logged stands yielded lower log
volumes than trees of the same dbh from virgin stands. However, no significant differences
were detected when individual species were compared.

A linear relationship between basal area and volume was generally found to be an adequate
description, but the slope in the upper part of the volume line was reduced in a few species
where the data included a small number of large trees of consistently low volume. Although
the data are insufficicnt to definc the relationship precisely, the adjustment is considered
necessary and of the right order. This has implications for hardwood volume equations also,
where a similar distribution of large tree data has been observed.




-11 -

The poor representation of many of the less common specics is a particular problem with
rainforest data when volume cquations for individual species arc being produced. Adoption
of a fixed origin, as in tariff systems, permits the construction of rcasonable volume
equations, without the need to combine data and lose information on species differences.
This and other aspects of tariff methodology would be worthy of further consideration in
relation to native forest volume equations gencrally.

While species have been kept scparatc on the basis of significant differences between
equations and deficiencies in previous grouping mecthods, there is scope for investigating
other gronping algorithms.
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