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ABSTRACT

In Myanmar, scientific research related to construction of a standard volume table that
represents teak plantations in a specific area are rarely found, although it plays significant role
in sustainable management of teak plantations. Therefore, in this study, a standard volume
table was constructed, based on three teak plantations established in Bago Township by Forest
Department (FD) of Myanmar. This is one area of eastern part of Bago Yoma Range known as
“home of teak™. Ages of the plantations were 23, 27 and 31 years in 2013. Study methodology
consisted of three main phases, namely, data collection, data preparation and, data analysis. In the
first phase, the necessary data were collected using stratified random sampling technique. In the
second phase, all the calculations needed for data analysis were prepared. In the last phase, data
analysis was carried out to select the best volume model for construction of the standard volume
table. Thirteen volume models were tested in this phase. Furnival’s Index (FI) was applied to
compare all the models. The best fit volume model was V =-0.0230361338 + 0.000048583 1D?H
- 0.0000008400D?H? with the lowest FI of 0.0317. This model was used to construct a standard
volume table of teak plantations in the study area. The developed volume table can be applied
in the assessment of economic potential of standing teak trees in the study area. Therefore, this
will lead to the achievement of the desired economic goal of the teak plantation management in
Myanmar. Moreover, not only FD but also private sectors can effectively use the resultant volume
equation and table in the prediction of growth and yield of teak plantations as a tool, particularly

for the study area.
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INTRODUCTION

In Myanmar, due to the rapid deforestation,
large-scale plantation forestry began in 1980s
although small-scale forest plantations started
as early as late 1850s (Tint, 2002). In addition
to the normal teak plantation scheme, Forest
Department (FD) of Myanmar has launched
a Special Teak Plantation Program since 1998
to maintain and increase teak production.
Moreover, nowadays, FD has encouraged
private sectors to establish teak plantations
in large scale since 2005. Teak plantations
are mainly concentrated in the Bago Yoma
Range, a well known place of high quality
natural teak forests. These plantations have
been established for commercial purposes
and on sustained yield basis. To achieve this,
careful and continuous monitoring of the teak
crop is very essential. However, in Myanmar,
scientific research related to standard volume
table construction for teak plantations in a
specific area is very rare. Thus, to support the
sustainable management of teak plantations
established in the Bago Towhship, which is
one part of Bago Yoma Range, there is still a
need for a volume table that represents the area.
This study is intended to achieve this goal. In
this context, the present study focused on the
construction of a standard volume table based
on the three different aged teak plantations
established in Bago Township.

MATERIALS AND METHODS

Study Area

This study was carried out in three teak
plantations aged 23, 27 and 37 years in 2013.
These plantations were established in Bago

Township, Bago District, Bago Region of
Myanmar. This area, the eastern part of Bago
Yoma Range, was located at 17° 41’ 11” and
17° 42" 23" N latitude, and 96° 13’ 23" and
96° 16’ 51" E longitude.

Data Collection

Stratified Random Sampling (STRS)
was applied in this study. Each age (plantation)
represented a stratum and the total was three
strata. Sample plots had square shape and the
area of each plot was 0.04 hectare (ha), which
was equivalent to 20 m x 20 m. The area of the
31-year-old teak plantation was 14.24 ha (356
plots), the 27-year-old was 15.4 ha (385 plots),
and the 23-year-old was 20.16 ha (504 plots).
Total area of the three plantations was 49.8 ha
(1245 plots). Sample size in each stratum was
estimated using the proportional allocation
rule, where the total sample of 30 plots was
allocated to each stratum proportional to its area.
Thus, the estimated sample size of 3 1-year-old
plantation was 9 plots. The estimated sample
sizes of the 27-year-old and the 23-year-old
plantations were 9 and 12 plots, respectively.

In each sample plot, trees showing
crown damage, crook, forking, or prolong
suppression, and the ones deviated from the
normal form and dead trees were recorded;
howver, special care was taken to exclude
them from the sample trees selected for
sectional volume calculation. Diameter at breast
height over bark (D) and total height (H) were
measured in all trees. Although the volumes
required to develop the volume function are
ideally obtained by direct stem measurements
of felled trees, in this study, felled trees were
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not available so volume was computed from
Pentaprism measurements of standing trees.
The upper-stem diameters of each sample tree
were read at two-meter intervals (log length),
beginning at 0.3 m above ground to top diameter
equal to approximately 10 cm. The height at
10 cm top diameter was measured in the trees
selected for sectional volume calculation in

order to get the last interval length of the stem.

Data Preparation

Total height and the height ata 10-cm
top diameter for each tree were computed, based
on the height calculation procedures for the
Sunnto. To calculate the last interval length,
firstly all successive interval lengths before the
last interval length were added. After that, the
last interval length was derived by subtracting
the sum of the successive interval length plus
0.3 m from the height at 10 cm diameter.

Smalian’s formula was used to compute
the cubic volume of each section of each
sample tree (sectional volume of the stem).
Then, the cumulative volumes were added
to obtain the merchantable volume up to an
approximate 10-cm top diameter outside bark
for each tree. The transformed variables D?H,
D2, H!, (D?)/V, D3H, D2H2, In (V), In (D),
and In (H) of each sample tree selected for
sectional volume calculations were calculated,
based on diameter at breast height (D) and total
height (H) of the respective sample tree; they
are needed in regression analysis. Microsoft

Excel 2007 was used for these calculations.

Data Analysis

Volume Models Studied

Most volume models are widely built
from one variable, D only, or two variables,
D and H. The purpose of this study was to
construct the standard volume table, so the
volume models based on two variables were
considered for testing. These models had
the functional form of V = f (D, H). A list of
candidate volume models is shown in Table 1.

Transformation of Model (3) and
Model (4) Outlined in Table 1

In this study, all volume models were
considered as linear ones to facilitate further
analyses and comparisons among the volume
models so model (3) and (4) (Table 1) were
linearized.

In this context, model (3) was transformed
into its logarithmic form as follows:

InV =by+b, InD+b,InH (3.1)
where,

V = tree volume in cubic metres

D = tree diameter at breast height

H = tree total height

by, b, and b, are regression coefficients

In = natural logarithm

Model (4) was also altered into the
following form (Clutter et al. 1983).

D
72 =b,+b, HD 4.1)
where,

V,D, H, b, and b, were as defined in
above. D
In this form, the variable —2 was

A\
assumed to have a constant variance.
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No. Models References
l. V=b,+ lezH Clutter et al. (1983)
2. V=by+b,D?+b,H+bDH Clutter et al. (1983)
3. V=eblD2Y b3 Clutter et al. (1983)
4. V=D(b,+bH") Clutter ef al. (1983)
5. V=b,+bD?H+b,D’H Bi and Hamilton (1998)
6. V=b,+ lezH + b2D3H +b,D Bi and Hamilton (1998)
7. V=b,+bD?H+b,D*H? Bi and Hamilton (1998)
8. V=b,D’H +b,D’H? Bi and Hamilton (1998)
9. V=b,+bD?H+b,D’H? +b,H Bi and Hamilton (1998)
10.  V=b,+b,D*H + b,D’H + b,D*H? Bi and Hamilton (1998)
11.  V=b,+b,D*H+b,D*H + b,D’H? + b,D Bi and Hamilton (1998)
12.  V=b,+b,D’H +b,D’H + b,D?°H* + b,H Bi and Hamilton (1998)
13.  V=b,+b,D*H+b,D’H +b;D’H? + b,D + b,H Bi and Hamilton (1998)

Remarks: V = volume over bark in cubic meters

D

total height in meters

diameter at breast height over bark in centimeters

H =
by, b, b), b, b, and b, are parameters which will be estimated

Application of Weighted Least
Square Analysis

The unweighted least squares
techniques are fully efficient only in the
absence of heteroscedasticity, a term denoting
acorrelation between average error magnitude
and the magnitude of the predicted value
of a model (Furnival 1961). Therefore, an
alternative common technique to combat
the non-homogeneity of the variance in tree
volume table construction is to use weighted
least squares.

Experience with tree populations has
shown that one of the two variance assumptions
will usually be satisfied. They are (1) the
standard deviation of stem content (volume in
this study) is proportional to D’H and (2) the

standard deviation of stem content (volume
in this study) is proportional to square root
of D?H (Cunia, 1964; Smalley and Bower,
1968). Therefore, two weight functions were

considered under this study. They were DZL )

and respectively.
&)

According to the points mentioned
above, in the present study, weighted least
square regression analysis was used by applying
weight functions to volume models named
as 1,2,5,6,7,8,9,10,11,12 and 13. In this case,
each model needed to be analyzed two times,
i.e., one time using the weight function (L)

D’ H
and the other time using the weight function

_ For comparison purposes, and for
(D Hy?) ’
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differentiation between two weight functions
applied to these volume models, each model
were given new names in relation to weight
function. These new names were 1.1, 1.2, 2.1,
22,51,52,6.1,6.2,7.1,7.2,8.1, 8.2, 9.1,
9.2, 10.1, 10.2, 11.1, 11.2, 12.1, 12.2, 13.1
and 13.2. Moreover, it should be noted that
model (3) was transformed into model (3.1)
and model (4) was altered to model (4.1).

Model Fitting

All statistical analyses for all volume
models were carried out using SPSS 16. Model
(3.1)and Model (4.1) were analyzed by using
linear regression option in SPSS. The other
twenty two models, namely 1.1, 1.2, 2.1, 2.2,
5.1,52,6.1,6.2,7.1,7.2,8.1,8.2,9.1, 9.2,
10.1, 10.2, 11.1, 11.2, 12.1, 12.2, 13.1 and
13.2 were analyzed using the application of
weight estimation in linear regression option
of SPSS. According to this procedure, weight
variable and the power of this variable for each
model was needed for the weight estimation
as in SPSS, Weight Function was 1/(Weight
Variable)**Power. Therefore, weight variable
for all models in this study was D?H. For
eleven volume models among these models,
the power of weight variable was one and the
power for the other eleven models was two.

Preliminary Examination of Volume
Models

Firstly, F-test was used to determine
the strength of linear relationship of each
model. Each model with variance ratio (F)
significant at the 0.05 level was selected for
further examinations.

Secondly, all parameters in each

volume model were examined using t-test.

Each model containing the parameters that
were not significant at 0.05 level was excluded
and not considered for further comparisons.

Testing Goodness-of-Fit

Alder (1980) pointed that for comparison
of regressions for goodness-of-fit when several
transformations of the dependent variable are
involved, the Furnival’s Index must be used.

This study followed the fact mentioned
above. The volume models selected to test
goodness of fit had the same dependent variable
(volume) with different transformations.
Therefore, the volume models were examined
for goodness of fit by applying Furnival’s Index
in order to choose the most suitable volume
model for the construction of a standard volume
table.

Calculation of Furnival’s Index
Furnival’ Index was calculated using the
following formula.

FI = {Exp @I (V)7) f'l(V)_l )]}*\/RM—SE

where,

FI = Furnival” Index

Exp = exponential function

In = natural logarithm

n = number of data points

RMSE = residual mean square error from
fitted regression

f'(V)'! = thereciprocal of the first derivative

of the transformation applied to the
V (volume) variable with respect
to V.

For the calculation of FI of weighted
regression models, this formula was used as
follows:
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FI= {Exp[%]}* RMSE

where,

FI, Exp, In, n, RMSE are the same as
defined in the above formula.

D’H = the weight variable in this
study

K is the scalar that is half of the value
of the power used in weight variable.

The above formula was derived by replacing
with D?H as follows:
For weight variable D’H with the
power of one,
f(V)y! = D’H

Therefore,

2Inf(V)y! = XinD*H

For weight variable D’H with the
power of two,

VY = (D?HY

Therefore,

2Inf(V)y! = 2XInD?H

In this case, the power values (one
and two) of weight variables were moved to
in front of the summation symbol according
to logarithmic rule.

In order to get K value, the power
values of weight variables were divided by
2 as it was being used in the weighted linear
regression model.

Standard Volume Table Construction
The best-fit volume model with the
lowest Furnival’s Index was used for the

construction of the standard volume table.

RESULTS AND DISCUSSION

F-ratio Results

From analysis results, F-ratio in all
volume models was significant at 0.01 level.
Therefore, all models were considered to
examine further examinations.

Parameters Estimated for the Volume Models

Among the models studied, one model
had six parameters, which was the highest
number of parameters in a single equation
tested in the present study.

Many volume models contained
parameters that were not useful. Examination
of the parameters revealed that some volume
models could be eliminated from the list of
candidates, and they were not examined further.
These models contained the parameters which
had t-values that were not significant at the
0.05 level. Those insignificant parameters
were distributed within 19 models referring
to1.1,1.2,2.1,2.2,4,5.1,5.2,6.1,6.2,9.1,
9.2,10.1,10.2,11.1,11.2,12.1,12.2,13.1 and
13.2 respectively.

For further examination, model 3.1,
7.1, 7.2, 8.1 and 8.2 were selected because
all parameters in each model contained
t-values which were significant at 0.05 level.
This avoided over and under estimations of
parameters. F-ratios, R? values, significant
levels, and residual mean square errors (RMSE)
of respective models were shown in Table 2.

Furnival’s Index
The results for weighted and logarithmic

transformation were shown in Table 3.

The Best Fit Volume Model
Among the models shown in Table 3,
model 7.1 was the best fit since it had the
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lowest Furnival’s Index. Therefore, this model table because of having the best fit to the data.
was considered as the most suitable volume The model with its estimated parameter was
model for construction of standard volume as follow.

V = -0.0230361338 + 0.0000485831DH - 0.0000008400D>H?

where, This equation was applied to construction

V = volume (over bark) up to ofa standard volume table in the present study.
approximate 10 centimeters of The standard volume table constructed using
top diameter excluding stump this equation i s shown in Table 4.

in cubic metres

D = diameter at breast height in
centimeters over bark

H = total height in meters

Table 2 Residual mean square error (RMSE), coefficient of determination (R?), F-value and
significant level of each model selected

Model RMSE R? F-value P-value Remark
3.1 1.8225 x 1070 0.92 1285.892 0.00 Hx
7.1 1.1049 x 1097 0.94 1538.071 0.00 *E
7.2 1.3010 x 107! 0.93 1320.942 0.00 *E
8.1 1.1491 x 107 0.99 7853.181 0.00 ok
8.2 1.4346 x 10! 0.98 6272.712 0.00 ok

Note: **Highly significant
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CONCLUSION

In this study, a standard volume table
based on diameter at breast height (D) and total
height (H) was constructed using the best fit
volume model. The developed volume table
can be utilized in the assessment of economic
potential of standing teak trees in the study
area, to meet the economic goal of the teak
plantation management. Moreover, this volume
table plays a significant role in the sustainable
management of teak plantations because the
volume table developed can contribute to FD
and private sectors in the prediction of growth

and yield of teak plantations in Myanmar.
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