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Abstract: - This paper presented the development of a simple model for obtaining the stem volume of a
tropical tree species, that is, Cinnamomum iners based on the two volumetric equations, namely, the Huber’s
and Newton’s equations. Variables considered during data collection were height of stem or trunk, height of
tree, diameter at breast height, diameter at middle and diameter at top of the stem before the crown.
Correlation tests were done to screen and select these possible variables with their interactions. The eight
criteria model selection(8SC) process was also done to obtain the best model. However, the best model was
found to be in the form of multiple regressions (MR) of interactions up to the fourth order.
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1 Introduction
Sustainable forest, its management and policies have
become global issues since the last few decades due
to valuable forest depletion and global warming.
While deforestation has been partially responsible
for the global atmospheric CO, buildup,
alternatively, aforestation appears to be one of the
feasible methods of reducing the concentration of
CO, from the atmosphere. It uses solar energy and
allows an economic fixation of CO, from the
atmosphere which does not depend on concentrated
CO; streams. Control of dispersed sources of CO; is
also taken into account by photosynthetic extraction
of CO, from the atmosphere. The process of
photosynthesis uses atmospheric carbon dioxide and
water from the soil, hence, releasing oxygen into the
air. However, these reaction steps of the oxygen
cycle are evolved from water and not from CO, [1].
A preliminary study done by [2] had indicated
that the saving in land area for a forest plantation
adjacent to a fossil-burning power plant due to the
increased stack gas CO, concentration was
relatively small compared to planting in any area. It
was estimated that a tract of 100 km” or 385 square
mile (ml*) planted with moderately growing trees
would be sufficient to fix all the CO, from a 1000-
MW(e) coal-fired power plant over the lifetime of
the plant. Trees properly used in a landscape could
increase property values by as much as 20 percent

and provide food and shelter for birds and urban
wildlife. Planted strategically, the right shade trees
could further reduce building cooling costs by as
much as 50 percent. [3] also discovered that trees
were found to reduce the temperature of streets and
parking lots by 8 to 10 degrees in the summer,
making paved surfaces last longer without repairs.
They would also improve air quality by trapping
dust, absorbing air pollutants and converting carbon
monoxide to oxygen which is essential towards
mankind environment.

2 Biomass Estimation
[4] studied on the tree—crown biomass estimation in
the forest species of the Ural and Kazakhstan, had
stated that there were two separate most economical
and relatively precise regressions, one for broad-
leaved while the other for coniferous species, each
only use stem diameter at the lowest point of the
crown, d. . Approximation for coniferous foliage
was found to have improved considerably by
allowing parallel regressions, inclusive of mean
diameter increment and diameter at breast height as
predictors; however, tree age being less influential
than its mean increment.

[5] also developed an allometric equation relating
biomass component to independent variables, such
as, diameter at breast height (Dbh) and tree height
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(H) for 10 co-occurring tree species in China’s
temperate forests, by using simple linear regression
and then, executed the PROC GLM procedure in
SAS for analysis. The foliage biomass was found to
be more variable than other biomass components,
both across and within tree species.

Estimation of crown characters and leaf biomass
from leaf litter in a Malaysian canopy species,
Elateriospermum tapos (Euphorbiaceae) was also
studied by [6]. Estimated values were found to be
similar to the values estimated from the allometric
equation which used parameters such as, the
diameter at breast height and the overall tree height.
Forest productivity was evaluated and the
characteristics in various forest were studied using
litter trap method which in turn, estimated by the
non-linear least square regression.

Tree biomass equations and estimation for urban
tree planting in the tropics were also modelled using
parameters measured from single trees of
Cinnamomum iners grown in the Kota Kinabalu
campus of Universiti Malaysia Sabah. Linear and
allometric regression equations for biomass
prediction were developed, and evaluations showed
that the model can attribute to the tree stem biomass
yield [7].

The increasing desire for total tree utilization and
the need to express yield in terms of weight rather
than volume had stimulated studies of biomass
production by [8]. Even-aged stands of Gmelina
arborea and Nauclea diderrichii in Nigeria were
studied to obtain the biomass equations and
estimation of both of the species. Nauclea
diderrichii, an indigenous species was found to
strive well in plantations. [9] had assessed the above
ground biomass production of even-aged stands of
Gmelina by  non-destructive  method and
recommended that models incorporating Dbh only
to be used for estimating the biomass production.

3 Materials and Methods
3.1 Study Area

The scope of this research is focused on a commonly
grown tropical tree, Cinnamomum iners which is
found in Universiti Malaysia Sabah main campus in
Sabah. The university is located on a 999-acres
piece of land along the Sepanggar Bay in Kota
Kinabalu and situated in a tropical rainforest zone of
Sabah in East Malaysia, at latitude 6° 00’ and
longitude 116° 04°. Cinnamomum iners strives well
in a tropical climate with a mean annual rainfall of
around 2000-2499 mm and the relative humidity of
81.240.3 °C. The mean annual temperature is

27.240.1 °C and its rainy season extends from
October to January.

Only data from 106 trees of Cinnamomum
iners, located along the road towards the
Chancellery, were collected. The total tree area of
study covered was measured using Trimble’s
GeoXH handheld, for best accuracy GIS data
collection.
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Figure 1 : Study Area Location

Figure 2 : Satelite Image of Tree Location

3.2 Data Collection

Clinometers and fiberglass diameter girth tape
were used to do measurements towards data
collection. Variables measured were height of
stem or trunk, height of tree, diameter at breast
height, diameter at middle and diameter at top of
the stem before the crown.

3.2.1 Clinometer

Clinometer is a tool to measure the height of a tree. A
clinometer is a fairly simple instrument which is used
to measure the angle of a slope. By using the
principles of trigonometry, the height of tall objects
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can be calculated from the angles measured. Figure 3
below shows how the height of tree is being calculated

10].

Angle £ The height of the tree is calculated as follows
Height of tree = BC + CD
where CD = The height of the observer
AC = The distance between the observer and
the tree

BC = AC tan (90 - Z)

Ohserver

: I

Figure 3 : Height of tree calculation [10].

3.2.2 Fiberglass tape

A girth tape measures diameter indirectly. The tape
is wrapped round the tree to measure the
circumference. This measurement was divided by i,
to estimate the diameter. Often the tape will have
normal units (mm and c¢cm) on one side and 1 units
on the other side. The tape should be held relatively
firmly without stretching it and also be wrapped
round the bole in a perpendicular plane to the stem
axis. Keeping the tape numbers right side up reduces
the chances of incorrect reading of the scale or
parallax error; such as for instance, when upside
down readings like 4 times being recorded as 6
times are common errors.

3.3 Cinnamomum iners

Cinnamomum iners or in short, C.iners is in the
family of Lauracea. Being an Asian native, it is also
popular in the southern up across the western parts
of USA [11,12]. Planted as shade trees in urban
forests, studies on the cinnamomum species include
toxic and antifungal properties of the essential oils
[13], medicinal [14,15,16], antimicrobial agents
[17,18], cosmetics, perfumes and beauty care
[19,20]. Hence, cinnamomum plantation and
propagation can be seen as environmentally
significant with potential economic and commercial
contributions [21,22].

During the field study, the height of trunk of
each tree was taken using two measurements.
Firstly, it was measured from the land at ground
level, to where twigs or branches started to grow and
secondly, the height of the whole tree from the
ground up to the tip or apex of the crown by using a
clinometer. The diameter of each tree is also
measured at breast height, middle and top of the
trunk with a diameter girth tape. Diameter at breast
height (Dbh) is often quoted by foresters to be
technically approximately 1.3 meters from the
ground level.
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Figure 4 : Schematic diagram of C.iners.

TH = height of trunk

At = area at top before branches
Am = area at middle of trunk

Dbh = diameter at breast height

Ba = basal cross-sectional area of

trunk approx. 1.3m at Dbh

3.4 Volumetric Biomass Equations

In this study, there are two formulae that are being
compared with. They are the Newton’s and Huber’s
formulae. Both formulae are used to calculate the
stem volume of a tree but looking at different
variables that are being measured.

3.4.1 Newton’s Formula
The basal area of every mean tree in the population

was calculated with the formula, Ba = 7(Dbh)* /4,

where Ba is the basal area, and Dbh, the diameter at
breast height. Stem volumes of the mean tree were
then estimated using the Newton’s formula,

Vy =h(A4, +44, + A,)/6, where Vy is the volume

using Newton’s formula (m°), h is the height, and A,,
A, and A, are the areas at the base, middle, and top,
respectively [8].

3.4.2 Huber’s Formula

The main stem, up to merchantable height, is
theoretically divided into a number of (mostly)
standard length sections. The standard length is
normally 3m (~10 feet). The exception to the
standard section is the odd log - a section less than
the standard length that fits between the last standard
section and the merchantable height. These sections
are assumed to be second degree paraboloids in
shape. The bole from the merchantable height to the
tip is assumed to be conoid in shape. Huber's formula
is based on the assumption that the sections are
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second degree paraboloids. However, this may not be
appropriate for the bottom or base log - which is
often neiloid. Huber's formula will underestimate the
volume of a neiloid. However this underestimate will
be small if the difference in diameter between the
bottom and the top of the section is small (i.e. small
rate of taper or small sectional length). Thus, sections
smaller than 3m may be necessary to avoid bias.
Error in the standard sectional estimate of volume
may also be introduced where the tip is not like a
conoid. However the volume in the tip is relatively
small, so this error is likely to be unimportant [23].

The Huber's formula was used to calculate the
volume of the standard sections and the odd log. It is
given by: V= h x ). Taking the sectional area(cm?)
halfway along the log as S}, then:-

Vi = hx 7 x (d2)/ 40000,

where V} is the volume using Huber’s formula (m*),
h is the height (m), d), denotes diameter (cm) halfway
along the log [23].

4 Statistical Analyses

4.1 Normality and Correlation Tests
The field data variables were initially typed in
Microsoft Excel together with its all possible
interactions. They were then tested for normality
distribution of the dependent variable, volume (Y)
and were based on Kolmogorov-Smirnov statistics
with Lilliefors significance level more than 0.05,
since the sample size is large (n>50). This test was
based on the null hypothesis that the data set was
normally distributed. If data were not normally
distributed, spearman’s correlation matrix would
be adopted instead and it is also used to check
multicollinearity among the independent variables
[24]. The correlation matrix for the main variables,
without its interactions, would then include the
followings:-
Y = stem volume (m°)
X, = height of trunk (m)
X, =height of tree (m)
X; = diameter at breast height
(m- Newton’s; cm-Huber’s)
X, = diameter at middle of trunk
(m- Newton’s; cm-Huber’s)
X5 = diameter at top of trunk
(m-Newton’s; cm-Huber’s)

4.2 Multiple Regression (MR) Models

The multiple regression model of more than any

two independent wvariables, that is, relating

dependent variable y to k predictor variables X;,

X3, ..., Xk, can be given by the model equation:
=P+ BX+PXo+.. + BiXi e,

with the assumption that the random deviation ¢ is
normally distributed, with zero mean and variance
o? for any values of X, ..., Xj.

The possible interactions of the predictor
variables would include as such X;X,, XX X,Xj,
etc., up to the fourth order, i.e., X;X,X3X4Xs. The
Bi’s are called parameters, i.e., regression
coefficients, and Sy + f.X; +...+ [X; would be
referred to as the regression function or model [25].

4.3 Backward Elimination Method

Backward elimination began with the full model of
all affecting individual variables as well as its
possible interactions in SPSS, and sequentially
eliminated from the model the least important
variable. The importance of a variable was judged
by the size of the t (or equivalent F) -statistic for
dropping the variable from the model, i.e., the t-
statistic was used for testing whether the
corresponding regression coefficient is zero. After
the variable with the smallest absolute t-statistic or
highest p-value was dropped, the model was
refitted and the t-statistics recalculated. Again, the
variable with the smallest absolute t-statistic or
highest p-value was dropped.

The process ended when all of the absolute
values of the t-statistics were greater than some
predetermined level. The predetermined level could
be a fixed number for all steps or it could be
changed depending on the step. When allowing it to
change depending on the step, the process could be
set up so that it stopped when all of the p-values
were below a fixed or desired level [25].

4.4 Eight Criteria Model Selection (8SC)

In recent years, several criteria for choosing among
models have been proposed. These entire selection
criteria take the form of the residual sum of squares
(ESS) multiplied by a penalty factor that depends on
the complexity of the model. A more complex model
will reduce ESS but raise the penalty. The criteria
thus provide other types of trade-offs between
goodness of fit and model complexity.

A model with a lower value of a criterion
statistics is judged to be preferable [26]. [27] had also
shown the statistical procedures of getting the best
model based on these eight selection criteria, namely,
SGMASQ, AIC, FPE, GCV, HQ, RICE, SCHWARZ
and SHIBATA.
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5 MR Models Results

5.1 Descriptive Statistics

Since the data are not normally distributed, the
spearman’s correlation is used instead. With
Lilliefors significance level more than 0.05 and
n>50, the data are tested using Kolmogorov-Smirnov
giving p-values of 0.139 for Huber’s and 0.111 for
Newton’s equations respectively.

5.2 Analyses of Regression Functions

After a few initial regression procedures, a total of
22 possible models were obtained using the
Huber’s equation and 13 possible models using the
Newton’s equation. The best model for each
volumetric equation of C.iners was then selected by
applying the backward elimination method [25].
This was further done using SPSS. An example of
the elimination procedure is as follows:-

Based on the parameters regression coefficients
of the models, say the p-value of 0.578 is related to
variable Xj. Since 0.578 is the highest p-value, and
greater than 0.05, therefore, variable X; is removed.
Rerun the remaining variables and remove the
variable with the highest p-value if the p-value is
more than 0.05. The procedure is repeated until
there is no more variable with a p-value > 0.05.

5.2.1 Newton’s-Huber’s MR Equations
Based on the parameters regression coefficients and
since there are no more p-values that are more than
0.05, therefore the final selected regression model
function, without considering the excluded
variables for C.iners using Huber’s equation is:-

Iu=—10.0007377X;5—0.0007097X,X;5 +
0.0009113X,X4 — 0.0000276X;5X, +
0.0000828X4X;5+ 0.0000596X,X5X, +
0.0000055X,X3X4 — 0.0000083X,X;5X5+
0.0000015X,X,X4Xs —
0.0000002X XXX (1)

By using the same elimination method as indicated

previously, the final parameter regression

coefficients and model function selected for C.iners
using Newton’s equation is therefore:-

In = 0.160X,X; + 0.644X,X,+ 0.196X, X5 (2)

6 Discussions

Stem volume is a good estimation in determining
the biomass of a certain tree species. [9] concluded
that most of the biomass accumulation of Gmelina
arborea (ROXB) plantations in south-western
Nigeria, much of which is stored in the stem,

indicating that a very high percentage of a tree
wood is merchantable either for timber or other
uses. The work’s of [8] also showed that more than
75% of total biomass yield for both species of
Gmelina arborea and Nauclea diderrichii stands in
the Akure forest reserve that they studied were
from the stem.

In this study, however, the results showed that
both volumetric equations using Huber’s and
Newton’s formula for C.iners were best fitted with
multiple regression equations. Using Huber’s
volumetric equation, the best model was found to be
as in equation (1), meanwhile, under Newton’s
volumetric equation instead, the best model was
found to be as in equation (2).

By observing these models, however, it was also
clear that Newton’s volumetric equation was simpler
and consistent as compared to that of Huber’s. Under
Newton’s equation, it was also clear that the height of
trunk would give a major contribution towards stem
volume and a significant contribution from diameters
at breast height (Dbh), middle and top [12].

7 Conclusions

In this study, the process of eight selection criteria
(8SC) was found to be a convenient way to determine
or select the best model for stem volume estimation.
From this study too, it can be concluded that the
C.iners trees can best modelled the volumetric stem
biomass by adopting the Newton’s volumetric
equation since it was simpler, and its variables were
consistent in all its possible models, whereas for the
Huber’s volumetric equation, variables of different
tree species would contribute differently to the stem
volume. As in the case of C.iners, the Newton’s
volumetric equation was significantly preferable.
Since maximum volumetric biomass is also related to
the circumferential area of tree trunk, optimisation of
merchantable tree log and its economic values
(essential oils, timber, chemicals, etc.) can be further
explored as there is no indifference within this tree
species (Cinnamomum) except for distribution and
observation [12]. The benefits of greenery are not just
environmental but also recreational, aesthetic and
emotional. Model approaches to support decision-
making would include crucial elements and
interactions of the systems [28], hence, modelling
volumetric stem biomass can be a vital indicator for
foresters and other relevant and related fields [29].
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