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WAN RAZALI WAN MOHD., KHALI AZIZ HAMZAH & CHEW, T. K. 1989. A
volume table for planted Acacia mangium in Peninsular Malaysia. Eight
unweighted (including two logarithmic transformed) and seven weighted forms
of volume equations were fitted by the least squares method to volume data of a 5-
y-old Acacia mangium plantation. Furnival's index criterion was used to select
the best fit equations, for overbark and underbark volumes. The logarithmic
equation, adjusted for bias, was chosen as the most appropriate model for the species.
The final equations, used to construct the overbark (Vo) and underbark (Vi) volume
tables are:

Vo = 0.0003150 x D1-547*8 x H°•809"> Vi = 0.0002707 x D1 •51"° x H084789

where Vo and Vi are merchantable tree volumes (m3) up to 10 cm diameter overbark,
D the breast height diameter (cm), and H the total log length (m). The equations
were found to estimate a merchantable tree volume and hence the aggregate
standing volume satisfactorily under the given study conditions. As usual, a test
of applicability of these equations is needed if they are to be applied elsewhere.

Keywords: Acacia mangium - volume equation - least squares regression -
Furnival's index - volume correction factor

Introduction

The Compensatory Forest Plantation Programme (CFPP) envisaged to estab-
lish about 188,000 ha of forest plantations in Peninsular Malaysia within 15
y, starting from 1981 and ending 1995 (Johari 1988). The CFPP was expected
to cost about MR$517 (US$207) million. The Asian Development Bank (ADB)
has financed US$24.5 million to establish about 40,000 ha of forest plantations
in Peninsular Malaysia for the period from 1985 to 1987. By the end of 1988
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only 30,613 ha had been planted. The remainder of the area to be planted
under the ADB project was implemented in 1988. Similarly, the World Bank
has planned to finance the establishment of about 150,000 ha of forest
plantation in Sabah by the year 2000. By the end of 1988 about 40,000 ha had
been planted. The main species planted under the ADB project is Acacia
mangium. With this emphasis, it is important that full research and development
support be given to ensure its success.

However, the shift to plantation forestry in both Peninsular Malaysia and
Sabah has taken place rather quickly and many fundamental management
issues are only beginning to be given urgent attention. One of the most
important issues is to be able to estimate the current yield of a tree or a stand in
order to be used, for example, in the preparation of a forest management plan.
Hence, volume tables were prepared for planted A. mangium plantations.

Materials and methods

Sample plots

Data were collected from Plot 9 in Compartment 40 Rantau Panjang Forest
Reserve in Selangor, Peninsular Malaysia. A. mangium trees were planted in
November 1981 at a planting space of 3 X 3 m. The area of the sample plot (Plot
9) is about 3 ha and the soil belongs to Bungor series of Typic paleudults
taxonomy. Although the stand was approximately five years old, the
distribution of diameters and heights of sample trees were wide enough to
construct this volume table.

Measurement of sample trees

Felled trees

These were thinnings from the above plantation. The thinning was carried
out in January 1987 with the objective of establishing a seed production area
for A. mangium. Prior to felling, the base diameter (0.3 m above ground level)
and the diameter at breast height (DBH - 1.3 m above ground level) of each
selected tree as measured. The following measurements were also taken after
felling:

total height in m, merchantable height in m (up to 10 cm diameter overbark
of the main stem), diameter overbark at 3 m intervals along the stem
length and at its mid-point (1.5 m intervals), and bark thickness (cm) at
each point of diameter measurement.

All diameters were measured using a diameter tape and bark thickness
using a bark-gauge. A total of 336 felled trees were measured.
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Standing trees

For the standing trees, sample points were established using a "10 Point
Sampling Design" (Wan Razali el al. 1983) in which the first sample point was
randomly located in the entire stand and the other nine sample points were
systematically located. Once the sample point was located at each point, the
method of variable plot cruising (Dilworth & Bell 1969) using wide angle
Spiegel Relaskop was employed to sight in (at 1.3 m from the ground level
using basal area factor of 1.0) the sample trees. A total of 187 such standing trees
were then marked for measurements. Except for the base diameter and diameter *
at breast height which were measured using a diameter tape, all other
measurements of standing trees were carried out using a wide angle Spiegel
Relaskop. The same parameters (as in felled trees) except the bark thickness
were measured on each standing tree. Diameters were also measured at every
20% of tree's merchantable height.

Volume calculation

The volumes of each section of felled and standing trees were calculated
using either Smalian's or Newton's formula. For felled trees both overbark
and underbark volumes were calculated while for standing trees only overbark
volumes were calculated. •

Smalian's formula

This formula was used for log sections with two diameter measurements.
The volumes of standing tree samples were calculated using this formula,
i. Volume overbark

V1 = 0.00003927 (D,2 + D5
2) x L

* Newton's formula

The formula was used for log sections with three diameter measurements.
The volumes of felled tree samples were calculated using this formula,
i. Volume overbark

V2 = 0.00001309 (D,2 + 4Dm
2 + Ds

2) x L

ii. Volume underbark
V3 = 0.00001309 [(D,- 2Bt,)2 + 4(Dm - 2BtJ2 + (Ds - 2Bts)2] x L

where V1 and V2 are the volume overbark, V3 is the volume underbark, L is the
length of the log section, D, is the diameter at the large end of the log section, Dm
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is the diameter at the mid-point of the log section, Ds is the diameter at the small
end of the log section, Btj is the bark thickness at the large end of the log section,
Btm is the bark thickness at the mid-point of the log section and Bts is the bark
thickness at the small end of the log section.

For both felled and standing trees, the volumes of individual sections were
then added to give the total tree volume up to 10 cm diameter.

Constructing volume equations

The method of least squares was used for the construction of volume
equations. The data were fitted to both unweighted and weighted volume
equations. For the overbark volume equations, data from both felled and
standing trees were used. However, only data from felled trees were used for
underbark volume equations.

Unweighted equations

Eight unweighted volume equations were used in the study.

where D is the DBH (cm), H is the total log length (ra) from the ground to 10 cm
overbark and V is the merchantable volume (m3).

Weighted equations

One of the assumptions of a regression analysis is that of homogeneity of
variance. Wright (1964) and Cunia (1964) discussed the need to weigh
volume equations in most circumstances in order to equalise the variance in
volume along the regression line or surface. The variance of the residuals from
arithmetic volume equations tends to vary with tree size and has been found, in
some cases, to be proportional to (D2)2 or (D2H)2. Thus the appropriate weight
to use is (D2)'2 or (D2H)2 in order to stabilise the variance of the residuals.

The question of weights as such can often be simplified in the regression
analysis by multiplying both sides of a volume equation by the square root
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of that weight. It follows from this that the factors to be used in this case are
1/D2 and 1/D2H.

In this study, seven weighted volume equations were used.

(V, D, and H in equations (9) to (15) are as defined before).

With the inclusion of transformations of the dependent variable and
weighted regressions into the analysis, problems arise when selecting the most
suitable equation. Regression in which the same dependent variable (volume
in this case) has been subjected to different weightings cannot be compared
directly for selecting the most suitable equation using coefficient of determi-
nation, R2. The regression may be biased by different weightings of the
dependent variables. To overcome this problem, Furnival (1961) suggested an
index for comparing these equations. The Furnival Index (FI) is expressed as
follows:

4

where FI is the Furnival Index, [f '(V)]"1 is the geometric mean of the
derivative of the dependent variable with respect to volume, and s is the
residual standard error from the fitted regression.

Regression analysis was carried out using a commercial statistical package
on a micro computer system. Further analysis was done to calculate the Furnival
Index (FI). The equation with the smallest FI indicates the best fit regression.
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Results and discussion

The DBH and total height of the sample trees ranged from 10.50 to 27.50
cm and 13.10 to 30.30 m respectively. The merchantable height ranged from 2.6
to 18.0 m. Table 1 shows the summary of results calculated from various
parameters measured. From the Relaskop readings of the standing trees, it was
found that the area under study has an average basal area of 18.7 m2 ha1 and
an average volume (overbark) of 120.8 m3 ha1. The number of trees in the stand
left after thinning was approximately 610 trees ha1.

Table 1. Summary of parameters measured and calculated (Acacia mangium)

Parameters
Standing trees Felled trees Felled & standing trees

Mean S.D. Min. Max. Mean S.D. Min. Max. Mean S.D. Min. Max.

Number of
tree measured
DBH (cm) 19.5
Merchantable 9.0

187
3.01
2.06

10.8
2.7

26.8
17.6

18.3
10.7

336
3.41
2.91

10.5
2.6

27.5
18.0

18.7
10.1

523
3.32
2.73

10.5
2.6

27.5
18.0

height (m)
(up to 10
cm diameter)
Total tree 19.7 2.39 13.8 28.9 20.2 2.29 13.1 30.3 20.0 2.34 13.1 30.3
height (m)
Merchantable 0.198 0.073 0.030 0.385 0.199 0.083 0.025 0.410 0.198 0.079 0.025 0.410
volume (m 3 )*
(overbark)
Merchantable - 0.172 0.073 0.021 0.382
volume (m 3 ) *
(under bark)__________________________________________________________

* Based on Smalian's or Newton's formula and volume was up to 10 cm diameter overbark

Tables 2 and 3 show the results of the analysis carried out. In all the
equations, Vo and Vi are respectively the merchantable volumes (m3) overbark
and underbark up to 10 cm diameter, D the DBH (cm), and H the total log length
(m). The equation with the smallest FI value was chosen as having the best fit to
the data. These are as follows:

Volume equation (overbark)
LogeVo = -8.06868 + 1.54738LogeD + 0.8093 1LogeH

and

Volume equation (underbark)
LogeVi = -8.22118 + 1.51310LogeD + 0.84789LogeH.
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Calculation of a tree volume using a logarithmic equation is affected by
a systematic error which is introduced when taking* the antilogarithm of the
volume. The error however can be approximately corrected by multiplying
the volume equation by a factor as follows (H. A. Meyer internal communica-
tion):

(s2 /2)
f = e

where f is the tree volume correction factor, s2 is the logarithmic equation error
variance, and e = 2.718282.

Table 2. Unweighted and weighted overbark volume equations for Acacia mangium

Volume equation
Standard
error R2

(S.E.)

Geometric
mean
(G.M.)

Furnival
Index
(FI)

A. Unweighted

Vo = -0.1960 + 0.02104D 0.0375 0.7771 1.0 0.0375
Vo =-0.26653 + 0.02895D - 0.00021D' 0.0374 0.7785 1.0 0.0374
Vo = -0.00460 + 0.00056D* 0.0389 0.7590 1.0 0.0389
Vo= 0.04225 + 0.00004D2H 0.0243 0.9061 1.0 0.0443
Vo =-0.04680 + 0.00027D8 + 0.00961H 0.0224 0.9595 1.0 0.0224

+ 0.00001D2H
Vo = -0.0323 + 0.00024D2 + 0.00084DH 0.0223 0.9214 1.0 0.0223

- 0.000001D2H
LogeVo = -S.8157 + 2.43369 logtD 0.2245 0.8970 0.1791 0.0402
LogVo = -8.06868+1.54738 logeD 0.1082 0.9547 0.1791 0.0193*

+ 0.809311ogeH "

B. Weighted

Vo/D* = 7.676 x 10-5- 1.7861 x 10-4 (1/D2)
+ 1.864X 10-5 (1/D)

Vo/D2 = 6.307 x 10-4 - 2.871 x 10-5 (1/D2)
Vo/D2H = 4.80 x 10-5 + 1.837 x 10-5 (1/D'H)
Vo/D2 = 2.0651 x 10-4 - 2.887 x 10-5 (1/D2)

+ 7.70 x 106 (H/D!) + 2.0 x 10-3(H)
Vo/D2H = 2.256 x 105 - 2.229 x 105 (1/D*H)

+ 1.8 x 10' (1/H) + 6.77 x 106 (1/D1)
Vo/Ds = 1.6565 x 10* -1.568 x 105 (1/D*)

+ 6.9 x 107 (H/D) + 1.0 x 10' (H)
Vo/D!H = 7.79 x 106 -1.323 x 105 (1/D'H)

+ 1.4 x 107 (1/H) + 6.7 x 107 (1/D)

1.144 x 104 0.1388

1.168 x 10*
8.3 x lfr«
6.67 x 105

7.5 x 10r6

6.74 x 105

7.6 x 106

0.1009
0.4234
0.7075

0.5346

0.7018

0.5240

340.358

340.358
3294.468
340.358

3294.468

340.358

3294.468

0.0389

0.0398
0.0273
0.0227

0.0247

0.0229

0.0250

* The best fit volume equation

Consequently, the tree volume correction factor (f) of the logarithmic
equation for overbark and underbark volume equations are 1.00587 (s2 =
0.0117) and 1.00682 (s2 = 0.0136) respectively.
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The final volume equations (Vo and Vi) of A. mangium are:
Vo = 0.0003150 x D1-54™8 x H°-80931

and
Vi = 0.0002707 x D15131° x H084789

Volume tables based on these equations are shown in Tables 4 and 5.

Table 3. Unweighted and weighted underbark volume equations for Acacia mangium

Volume equation

A. Unweighted

Vi = -0.17883 + 0.01917D
Vi = -0.28430 + 0.03126D - 0.00033D2

Vi = -0.00765 + 0.0052D2

Vi = 0.3368 + 0.00004D2H
Vi = -0.03088 + 0.00018D2 + 0.00734H

+ 0.00002D2H
Vi = -0.01980 + 0.00016D2 + 0.00065DH

- 0.0000001 D2H
LogeVi = -9.24781 + 2.54940 Log^D
LogVi = -8.22118 + 1.51310 Log^D

+ 0.84789 LogeH

B. Weighted

Vi/D2 = -1.4957 x 104 - 2.3119 x 104(l/D2)
- 2.487 x 105(l/D)

Vi/D2 = 5.996 x 104 - 3.405 x 105(l/D2)
Vi/D2H = 4.115 x 105 + 1.462 x 105(l/D2H)
Vi/D2 = 1.5572 x 104 - 2.214 x 105(l/D2)

Standard
error
(S.E.)

0.0336
0.0333
0.0354
0.0229
0.0216

0.0215

0.2343
0.1166

9.54 x 105

1.005x 104

7.1 x 106

5.93 x 105

R 2

0.7912
0.7954
0.7675
0.9027
0.9143

0.9151

0.8194
0.9554

0.2810

0.1995
0.4246
0.7230

Geometric
mean
(G.M.)

1.0
1.0
1.0
1.0
1.0

1.0

0.15213
0.15213

322.789

322.789
3284.599
322.789

Furnival
Index
(FI)

0.0336
0.0333
0.0354
0.0229
0.0216

0.0215

0.0356
0.0177 *

0.0308

0.0324
0.0233
0.0191

+ 6.01 x 106 (H/D2) + 2.0 x l0-'(H)
Vi/D2H = 1.912 x 10'5 -2.12 x 105 (1/D2H) 6.4 x 106 0.5398 3284.599 0.0210

+ 1.8 x 10'7 (l/H)+5.4 x 106 (1/D2)
Vi/D2 = 1.3276 x 104-1.419 x 105(l/D2) 5.91 x 105 0.7247 322.789 0.0191

+ 5.9 x 10'(H/D) + 1.0 x l 0 ( H )
Vi/D2H = 4.56 x 106 -1.57 x 105 (1/D2H) 6.4 x 106 0.5414 3284.599 0.0210

+ 1.5 x 107 (1/H) + 5.8 x 10-'(1/D)

* The best fit volume equation

Accuracy and application

One way to assess the accuracy of a volume table is by comparing the "true"
volume (calculated volume in this case) with the predicted volume (volume
derived from the equation). We found that the average predicted merchantable
tree volume (0.192 m3 overbark) approximated the true overbark volume,
0.198 m3. Similarly, the average predicted merchantable tree volume (0.164



Table 4. The merchantable volume overbark (m9) of Acacia mangium
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Table 5. Merchantable volume underbark (m') of Acacia mangium

Volume equation: Vi = 0.0002707 X D1 •""• X H° •""

Figures within lines indicate the range of data collected
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m3 - underbark) derived from the equation is quite close to the true volume,
0.172 m3 . The differences between the true and predicted volumes, 0.006 m*
for overbark and 0.008 m3 for underbark, are too small to be of practical
importance.

The use of the volume table is indeed simple. One needs to measure the
DBH (either overbark or underbark) and total log length of a tree to the
nearest 1 cm and 1 m respectively. Then the merchantable tree volume (either
overbark or underbark) is obtained directly from the table. However, if one
measures the DBH and the total log length of a tree, for example, to the nearest
0.1 cm and 0.1 m respectively, then the merchantable tree volume may be
obtained by interpolation in the table, or by substituting those values (DBH and
total log length) into the volume equation.

Conclusion

Although the data were collected from a specific region and plantation, the
volume models constructed can be expected to give a satisfactory estimate for
the aggregate standing volume of planted A. mangium stands in Peninsular
Malaysia. But as with all volume equations, a test of applicability is always
necessary if used outside the range of data and/or under other conditions.
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