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ABSTRACT
Background: The potentials of cinnamon wood, extracts and oils in a variety of industries and their applications are
undeniable. As a natural and safe alternative, the need of an estimation tool is vital. Hence, this study proffers to outline
the estimation processes involving the parameters of the stem volume of cinnamon wood with the tree mensuration
variables using the polynomial regression technique. Methods: Polynomial models with the auxiliary variables are
considered up to the first order of interactions and polynomial characterization of the quadratic terms. Nonlinearity
of data variables exhibit the need of data conversion into generated variables. Preliminary, data normality using the
maximum p-value approach is executed. Results: Modelling procedures are performed on all polynomial models and
comparisons are made based on the eight selection criteria (8SC). The best polynomial model is identified when it
satisfies all of the minimum values of the eight selection criteria. Conclusion: The best polynomial model is found
to have a quadratic term with direct and positive contributions from the diameters at the base, middle and tree height
and inversely from the diameter at the top. Interaction factors are contributed by the diameters at the top, breast height
and the generated variable. The estimation efficiency of 6.442% has signified good predictive capability towards stem
volume estimation.

Key words: Stem volume estimation, best polynomial model, maximum p-value approach, interaction factors,
estimation efficiency
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INTRODUCTION
There are many species of cinnamon that produce concentration. Furthermore, the, mucilage has found

oils through the process of distillation. Researches had
shown that the various types of cinnamon can be used for
different purposes, such as antimicrobial, antifungal and
antipest. For example, the bark can be used as in
medicine as in  where it has been used for anorexia,1

intestinal colic, infantile diarrhoea, common cold,
influenza and specifically for flatulent colic and dyspepsia
with nausea. It is stated to possess carminative, aromatic,
stimulant, astringent, stomachic, germicide, antiseptic,
refrigerant and anthelmintic properties. The preparation
of an inhalation liquid which is very useful in the
prophylactic treatment of influenza infections can be
done by mixing cinnamon oil with other compounds .2

According to Ravindran et al. , cinnamon has components3

of medicine recommended for coughs, chest pain,
headache, digestion and gas problems It inhibits aflatoxin
production, that is, cause  complete  inhibition  of
Candida albicans, A. fumigatus, A. niger, Penicillium frequentans,
P.  decumbens  and  Cladosporium   bantiannum   at   0.33  mm
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technical applications, for example, in the manufacture of
mosquito coils, fragrant joss sticks plastic products,
formica, glue, inner layering of tyres, coating of high
quality paper products, paints and fibre glass. Its oils also
add fragrance to soaps, flavour dentifrices and
mouthwashes and other such toiletries. In beauty care,
cinnamon bark oil is used to give a woody and musky
undertone to perfumes . An example of the cinnamon3

species would be Cinnamomum iners which is being used
in the traditional therapy for illnesses such as to relieve
fever  and also are found to have antifungal and amylase4

inhibitor properties. 
There are 17 different plant oils listed by the US

Environmental Protection Agency (EPA) as being
exempted from toxicity data requirements as minimum
risk pesticides under the Federal Insecticide, Fungicide
and Rodenticide Act (FIFRA). Since very little work had
been done to consider the potentials of cassia and
cinnamon oils as nematicides, the studies of  on two5

cassia oils and four cinnamon oils exhibited good
nematicidal activity towards adult B. xylophilus; thus,
indicated as good candidates for natural control agents.
Hence, these problems have substantiated the need for
alternative   sources  for  nematode  control  products  for
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example, the use of plant essential oils and their procedures which encompass the model building
constituents as nematicides. These plant essential oils are
widely available and relatively inexpensive to massly
produce.

Even though cinnamon oil is of very high value, yet
there is no international standard for it. The increased
price would depend on the higher cinnamaldehyde
content which posseses antimicrobial, antibacterial,
antioxidant and antifungal properties. The popularity of
Cinnamon species have increased over the years as
implied by the  which has included cinnamon in the6

listing of the world’s interesting plants and consequently,
Australia has thus considered cinnamon as one of her new
crops to be explored. This study thus proffers to compare
polynomial models based on the Newton’s formula with
significant attribution to the transformation terms of the
contributing factors towards stem volume estimation and
prediction.

MATERIALS AND METHODS
Stem volume estimation: This research is limited to
only trees of the trapeziodal shape exhibited such as by
the Cinnamomum iners (C. iners). Since preservation of
trees is of prime importance, the method of data
collection adopted in this study is of nondestructive in
nature since estimation can be evaluated without tree
felling and tree age information . Tree mensuration data7

were taken manually  using   clinometers   and   girth 
tapes  from 37 C. iners trees grown in the vicinity of Kota
Kinabalu the capital city of Sabah, a Malaysian state on the
island of Borneo. The variables considered during field
data collection are diameter at the base (D ), diameter atb

the middle (D ), diameter at the top (D ), diameter atm      t

breast height (D )and the tree height (T). Thebh

cylindrical area and the volume of the merchantable stem
will be calculated as shown by Abdullah et al. . In this8

study, the stem volume is also calculated based on the
Newton’s equation as in (1). 

Newton’s Equation :9

(1)

where, A  is area at the base, A  is area at the middle ofb      m

stem and A  is area at the top of stem.t

Data preparation and modelling procedures: Data
normality and linearity is of prime importance in
regression analysis. Hence, data transformations based on
the maximum p-value approach using ladder power
transformations had been executed on the variables.
Non-normal variables which had not turned to normality
after undergoing various transformation processes were using the backward elimination method as illustrated
then converted into  generated  variables.  The  modelling

approach had been performed on the data set. Model
building procedures which include listing of the possible
models, multicollinearity remedial techniques, best
model selection based on the eight selection criteria
(8SCs) and the residual analyses on the standardized
residuals to ascertain the model’s goodness of fit have
been executed. In this study, polynomial models up to
the first order of interactions are developed for
estimation. These transformation procedures and
modelling processes had been shown by Abdullah et al. .8

The polynomial models are made of a Dependent
Variable (DV), the Newton volume and five single
Independent Variables (IVs), taken from field data
mensuration  variables.  The  model  equation  is
developed based on the method of multiple regressions,
a statistical method of more than two independent
variables as in :10

(2)

where, i=1, 2,  …,  n;   Y    is   the   dependent  variable;i

X , X , …, X  are the independent variables; $ ’ are the1i  2i   ki     i

regression coefficients    with  ‘k’  parameters and g  arei

the residuals. As with polynomials of the order 2
(parabolic curve with quadratic terms), the model
equation can be written as in Eq.  3:

(3)

Based on five single independent variables, the
number of all possible models then is 80 . However, in11

this study, possible models are developed up to the first
order interactions only which are from P1-P31 (without
interactions) and P32-P57 (first order interactions)
where ‘P’ denotes the polynomial model. Overall, there
are 57 polynomial models being developed for regression
analysis.

Multicollinearity is a phenomenon where there
exists very strong linear or perfect relationships between
the independent variables  and collinearity between the12

variables can be identified by examining the values of the
correlation matrix of the independent variables. Since
high correlation coefficients of absolute values in the
range of |r| = 0.75 are considered to exhibit
multicollinearity effects, these multicollinearity source
variables have to be removed as illustrated by the case
types of the Zainodin-Noraini remedial techniques in .13

In this study, multicollinearity source variables with high
correlation coefficient of absolute values greater than 0.95
(i.e. |r| = 0.95) are to be removed. The elimination of
insignificant variables from the models is carried out

by . 14,8
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Many criteria have been presented in order to select transformations on the non normal data. Table 1 depicts
the best regression model but none can be considered as
the best one. The selection of the eight criteria (8SCs)
namely, AIC , FPE , GCV , HQ , RICE , SCHWARZ ,15  16  17  18  19  20

SGMASQ  and SHIBATA  are used in identifying the10  21

best regression model . The model having the least value10

in majority of the criteria will be chosen as the best
model. The best  model  will  then  undergo the
goodness of fit tests of which comprises of the normality
and randomness tests on the model’s standardized
residuals. 

Estimation efficiency: The Mean Absolute Percentage
Error (MAPE) expresses the accuracy in fitting a
statistical predictive model as a percentage and is
computed as the difference between the actual value (A )t
and predicted value (F ) and is divided by the actual valuet

(A ) again . This makes it a percentage error so one cant
22

compare the error of fitted series that differ in level. The
MAPE can only be computed with respect to data that are
guaranteed to be strictly positive. MAPE’s of values
<25% indicate acceptable model while models with
MAPE’s<10% implies good estimates in prediction. It is
given by the equation:

(4)

where, n is the number of observations selected at
random and reserved for validation, A  is the actual valuet

and F  is the predicted or estimated value. Thist

estimation efficiency is then calculated to provide a good
prediction capability for stem volume estimation on the
polynomial models. 

RESULTS 
Data normality and transformations: The data
variables were measured from 37 trees non destructively
using convenient sampling technique where thirtyfour
trees would be used for modelling, while three trees
would be used to validate the resultant polynomial
model. Normality  tests  were  done  and transformations
were   carried     out     using     the     ladders     of   power

the defined variables, before and after transformations. It
can be seen that all the variables have turned to normal
since the p-value statistics are more than 0.05. 

Multicollinearity remedials and insignificant
variables removals: Multicollinearity remedial
techniques are carried out on the source variables with
high correlation coefficient of absolute values greater
than 0.95 (|r|=0.95) . The eliminations of insignificant13

variables from the models are then perfomed using the
backward  elimination  method  as  illustrated  by .14,8

Table 2 depicts the summary of the selected Newton
polynomial models after the multicollinearity remedials
and removals of the insignificant variables.

Model comparisons: The 57 polynomial models have
then reduced to 31 selected models based on the values
of SSE’s and (k+1) parameters. These models will then
undergo the process of best model selection based on the
8SCs. Table 3 shows the comparisons of the 31 selected
Newton polynomial models. It indicates that model
P57.14.6 is the best Newton polynomial model based on
its least SSE and having minimum values in all of the
8SCs. The model has fourteen multicollinearity removals
and six insignificant variables eliminated. 

Model goodness of fit: The goodness of fit tests are
then carried out on the standardized residuals of the best
polynomial model (P57.14.6 Newton) as shown by the
scatter plot and histogram in Fig. 1. The randomness test
is done by first checking on the distribution of the
standardized residuals using the one sample runs test.
The null hypothesis is retained with a zero mean, a
constant variance of 1.0 and a p-value of 0. that model
P57.14.6 has zero mean of the residuals. 601 at 5%
significant level. The scatter plot of the standardized
residuals for model P57.14.6 in Fig. 1a shows that the
standardized residuals are randomly distributed since no
obvious pattern is observed and all the standardized
residuals lie between±3 standard deviations.

Table 1: Definition of variables before and after transformation
Variable Definition Transformation Transformed variables p-value statistics Normality
V Stem volume (m ): Newton V1 0.102 NormalNewton

3

T Tree height (m) X1 0.616 Normal

D Diameter at top of trunk (m)   D X2 0.057 Normalt        t

D Diameter at middle of trunk (m)  X3 0.160 Normalm

D Diameter at the base of trunk (m)   D X4 0.154 Normalb         b

D Diameter at breast height (m)   D X5 0.056 Normalbh       bh
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Table 2: Summary of selected newton polynomial models
Models Selected model k+1 SSE Models Selected model k+1 SSE
P1 P1.1.1 Reject P30 P30.3.1 5 0.2827
P2 P2.1.1 2 0.8855 P31 P31.5.1 6 0.2047
P3 P3.1.1 Reject P32 P32.4.3 2 0.5808
P4 P4.1.1 2 1.3532 P33 P33.4.3 2 5.3020
P5 P5.1.1 2 3.3521 P34 P34.4.3 2 1.3532
P6 P6.2.1 3 0.6161 P35 P35.5.3 2 3.5756
P7 P7.2.2 2 5.3020 P36 P36.4.3 2 0.8451
P8 P8.2.2 2 1.3532 P37 P37.4.2 3 0.7540
P9 P9.2.3 2 3.3521 P38 P38.4.2 3 0.7025
P10 P10.2.1 3 0.7649 P39 P39.4.3 2 1.3532
P11 P11.2.1 3 0.7540 P40 P40.4.3 2 3.3521
P12 P12.2.1 3 0.7530 P41 P41.4.1 3 1.0710
P13 P13.2.2 2 1.3532 P42 P42.6.6 2 0.5808
P14 P14.2.2 2 3.3521 P43 P43.7.5 2 0.5808
P15 P15.2.2 2 1.3532 P44 P44.7.3 4 0.2565
P16 P16.3.2 3 0.6161 P45 P45.7.5 2 1.3532
P17 P17.3.2 3 0.6161 P46 P46.7.5 2 3.5756
P18 P18.3.1 4 0.4458 P47 P47.7.1 6 0.6293
P19 P19.3.3 2 1.3532 P48 P48.8.3 3 0.7185
P20 P20.3.3 2 3.3521 P49 P49.7.3 4 0.4276
P21 P21.3.3 2 1.3532 P50 P50.9.1 4 0.3475
P22 P22.3.2 3 0.7540 P51 P51.8.2 4 0.9295
P23 P23.3.1 4 0.5692 P52 P52.9.9 2 0.5808
P24 P24.3.1 4 0.4084 P53 P53.9.5 6 0.0614
P25 P25.3.3 2 1.3532 P54 P54.11.5 4 0.1962
P26 P26.4.3 3 0.6161 P55 P55.10.3 7 0.0233
P27 P27.4.1 5 0.3204 P56 P56.12.3 5 0.1938
P28 P28.4.1 5 0.3123 P57 P57.14.6 7 0.0148
P29 P29.4.4 2 1.3532
SSE: Sum of square error, k: No. of parameters

Table  3: Comparisons of the newton polynomial models 
Model SSE k+1 AIC FPE GVC HQ RICE SCHWARZ SGMASQ SHIBATA
P2.1.1 0.8855 2 0.0277 0.0293 0.0293 0.0294 0.0108 0.02950 0.05210 0.0291
P4.1.1 1.3532 2 0.0423 0.0448 0.0448 0.0449 0.0165 0.04511 0.07960 0.0445
P5.1.1 3.3521 2 0.1048 0.1109 0.1109 0.1113 0.0409 0.11174 0.19718 0.1102
P6.2.1 0.6161 3 0.0199 0.0216 0.0216 0.0218 0.0113 0.02200 0.05436 0.0213
P7.2.2 5.3020 2 0.1657 0.1754 0.1754 0.1760 0.0647 0.17673 0.31188 0.1743
P10.2.1 0.7649 3 0.0247 0.0268 0.0269 0.0271 0.0140 0.02732 0.06749 0.0265
P11.2.1 0.7540 3 0.0243 0.0265 0.0264 0.0267 0.0138 0.02693 0.06653 0.0261
P12.2.1 0.7530 3 0.0243 0.0264 0.0264 0.0266 0.0138 0.02689 0.06644 0.0261
P18.3.1 0.4458 4 0.0149 0.0166 0.0166 0.0168 0.0109 0.01714 0.05244 0.0162
P23.3.1 0.5692 4 0.0190 0.0212 0.0212 0.0215 0.0139 0.02189 0.06696 0.0207
P24.3.1 0.4084 4 0.0136 0.0152 0.0152 0.0154 0.0099 0.01571 0.04805 0.0148
P27.4.1 0.3204 5 0.0111 0.0127 0.0127 0.0130 0.0097 0.01335 0.04712 0.0122
P28.4.1 0.3123 5 0.0108 0.0123 0.0124 0.0126 0.0095 0.01301 0.04592 0.0119
P30.3.1 0.2827 5 0.0098 0.0112 0.0112 0.0114 0.0086 0.01178 0.04158 0.0108
P31.5.1 0.2047 6 0.0073 0.0086 0.0086 0.0089 0.0075 0.00930 0.03612 0.0081
P32.4.3 0.5808 2 0.0182 0.0192 0.0192 0.0193 0.0071 0.01936 0.03416 0.0191
P35.5.3 3.5756 2 0.1117 0.1183 0.1183 0.1187 0.0436 0.11919 0.21033 0.1175
P36.4.3 0.8451 2 0.0264 0.0280 0.0279 0.0281 0.0103 0.02817 0.04971 0.0278
P38.4.2 0.7025 3 0.0227 0.0247 0.0247 0.0249 0.0129 0.02509 0.06198 0.0243
P41.4.1 1.0710 3 0.0346 0.0376 0.0376 0.0379 0.0196 0.03825 0.09450 0.0371
P44.7.3 0.2565 4 0.0086 0.0096 0.0096 0.0097 0.0063 0.00987 0.03018 0.0093
P47.7.1 0.6293 6 0.0225 0.0263 0.0264 0.0273 0.0230 0.02860 0.11105 0.0250
P48.8.3 0.7185 3 0.0232 0.0251 0.0252 0.0254 0.0132 0.0257 0.0634 0.0249
P49.7.3 0.4276 4 0.0143 0.0159 0.0159 0.0162 0.0104 0.0165 0.0503 0.0155
P50.9.1 0.3475 4 0.0116 0.0129 0.0129 0.0131 0.0085 0.0134 0.0409 0.0126
P51.8.2 0.9295 4 0.0310 0.0346 0.0346 0.0351 0.0227 0.0358 0.1094 0.0338
P53.9.5 0.0614 6 0.0022 0.0026 0.0026 0.0027 0.0022 0.0028 0.0108 0.0024
P54.11.5 0.1962 4 0.0065 0.0073 0.0073 0.0074 0.0048 0.0075 0.0231 0.0071
P55.10.3 0.0233 7 0.0009 0.0010 0.0010 0.0011 0.0010 0.0012 0.0048 0.0010
P56.12.3 0.1938 5 0.0067 0.0076 0.0077 0.0078 0.0059 0.0081 0.0285 0.0074
P57.14.6 0.0148 7 0.0005 0.0007 0.0007 0.0007 0.0006 0.0007 0.0030 0.0006
Min 0.0148 0.0005 0.0007 0.0007 0.0007 0.0006 0.0007 0.0030 0.0006
SSE: Sum of square error; k : No. of parameters
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Fig. 1(a-b): (a) Scatter plot and (b) Histogram for
standardized residuals of P57.14.6

Next, the normality test is carried out on the
standardized residuals of the best model P57.14.6 as
shown by Fig. 1b. The decision is to reject the null
hypothesis  if  the  p-value  is  less  than 0.05. The
Shapiro-Wilk statistics on the standardised residuals of
model P57.14.6 show the p-value of 0.987 which is greater
than 0.05. Thus the null hypothesis is not rejected at 5%
significance level and residuals are said to be randomly
and normally distributed.

Best polynomial model: The best polynomial model
equation is thus given by:

(5)

It can be seen from Eq. 5 that it has a polynomial
(quadratic)     term     (X )     in     the    model    equation.1

2

Table 4:  MAPE for best polynomial model P57.14.6 Newton

n Calculated A Predicted Ft  t

1 1.96567 1.82491 0.07161
2 1.94017 1.86826 0.03706
3 1.78269 1.63190 0.08458
Average = 6.442%

Substituting the  defined  transformed  variables  in
Table 1 back into Eq. 5, the best polynomial model
equation is then given by:

(6)

Equation (6) signifies the appropriateness of the power
transformation used in normalizing the variables before
regression analysis. It also shows the significant
contributing factors in model P57.14.6 towards the stem
volume. The significant main factors are positively
contributed by diameter at the base (Db), diameter at the
middle (Dm) and tree height (T) and an inverse
relationship with the diameter at the top (Dt). The
significant interaction factors are contributed by diameter
at the top (Dt), diameter at breast height (Dbh) and the
transformed generated variable .

The estimation efficiency as a percentage in MAPE
is then calculated as shown in Table 4. The MAPE value
of 6.442% implies that it can give good estimates for
prediction.

DISCUSSION
Previous studies had indicated complexities of using

polynomial regression in regression modelling where
higher orders of the polynomials are concerned .23,24

However, in this study, the polynomial relationships of
the independent variables with the dependent can be
transformed with ease using the p-value approach of the
normality tests on the variables. Remedial techniques
applied in minimizing multicollinearity effects, further
followed by the elimination of insignificant variables in
the model aims at obtaining a robust polynomial model.
Even though the mensuration data variables had involved
just the tree physical properties such as the tree height
and the tree diameters, the volumetric prediction and
estimation can still be carried out with good estimates
using a polynomial model of a quadratic term. This is in
conjunction with the studies of  where they had found25

that quadratic and linear equations are best compatible
for bark thickness estimation. This study also implicates
that the modelling procedures can be applied to
prediction and estimation of other tree stem volumes of
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