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ABSTRACT

Nepal proposed to adopt tier 2 and to be ready for tier 3 under REDD+
mechanism. So, standard equations are essential to calculate the species wise
tree biomass. Thus, objectives of this research are to develop the regression
equations for estimation of biomass; to assess the proportion of stem, branch and
leaves in total biomass and to determine the percentage of sapwood, heartwood
and bark in bole biomass. Thus, plantation sites namely 9C, 10B, 4D and 12C of
Sagarnath Forest Development Project were selected for study and 59 trees were
felled. Out of this 40 trees were used to develop the biomass equation and
remaining 19 data were used for validation purpose. Meanwhile, height and
diameter at breast height (DBH) were measured before felling. Samples of bole,
branches and leaves and separated bark, heart wood and sap wood were dried in
the lab. The regression equations were developed between dry biomass and
DBH, height and wood density. The R? of equations of bole, branch and leaves
were 0.9, 0.93 and 0.95 respectively. Statistically, equations were checked with
root mean square error (RMSE), t-test and F-test, their performance was
significant. Moreover, contribution of bole biomass was the highest 76.65% and
followed by branch 12.69% and leaves 10.66%. Meanwhile percentage of bark,
sap wood and heart wood in bole were 14.5%, 45.75% and 39.75% respectively.
As Nepal has proposed tier 2 in REDD+ mechanism and approaching for tier 3,

such standard biomass model has very momentous.
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INTRODUCTION

The reliable measurement of biomass of total tree
or tree components such as stem wood, stem bark,
living and dead branches, foliage, stump and roots
is very essential part of forest carbon estimation.
Always destructively harvesting of forest tree is not
possible because it is very time-consuming
procedure and there is high risk of uncertainty
when the obtained results are extrapolated to larger
areas (McWilliam, 1993). Undoubtedly, the most
common approach is to obtain biomass estimates at
stand level through regression equations.

Biomass is a function of diameter, height and basal
area and density of wood in a given location.
However, the contribution of these parameters to
above ground biomass differs with sites, succession
stage of the forest, disturbance levels, species
composition etc (Whitmore, 1984; Brunig, 1983).
Several attempts have been made to estimate
biomass involving all the parameters like diameter
at breast height and height of trees, wood density or
specific gravity with different regression equations
(Cannell, 1984). It was found strong relation of
biomass with these parameters (Rai, 1981; Rai and
Proctor, 1986; O’Neill and De Angelis, 1988). In
this context, our first concern is to prepare the
models that give reliable biomass estimates

applicable for entire area. Secondly, the biomass
models should be based on the variables that are
normally measured in forest inventories, or which
can be estimated easily from inventory data.
Thirdly, the models should be based on the same
sample trees in order to give a consistent depiction
of the interrelationship between the individual tree
components (Kozak 1974). Furthermore, the model
should be formulated in such way that this can be
applied flexibly and can be calibrated to a new
stand.

The REDD+ is significantly essential mechanism to
address the issues of climate change in developing
countries (Skutsch ef al, 2009,) however it requires
the standard and reliable records of forest carbon of
individual tree species. Nepal proposed to adopt tier
2 and to be ready for tier 3 under REDD+
mechanism (MFSC, 2010). One of the important
parts of valuation of forest carbon is application of
standard method for quality data. Nepal has not
sufficient and standard biomass tables and
equations in order to calculate the species wise tree
biomass.

The FEucalyptus camaldulensis now is widely
adopted as fast growing species by the farmers in
Tarai and by Sagarnath plantation project,
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objectively to produce electricity pole and fuel
wood but there is no any reliable biomass table for
this species. So, this study has focus on to develop
the regression equations for estimation of biomass
of stem, branch and leaves with respect to diameter
at breast height, height, form factor and wood
density of tree. In addition, what are the
proportional contributions in biomass of these parts
is other aspect of this study? Moreover, the
percentage contribution of different inner parts of
bole like sapwood, heartwood and bark is other
significant part of research.

MATERIALS AND METHOD

SITE SELECTION

Sagarnath plantation project of Tarai (plains) area is
especially developed for plantation of Eucalyptus
camaldulensis so this site was selected for research
area. Sagarnath area is situated in Saralahi and
Mahottary district. Sarlahi lies between 26°40' to
27°10' N and 85°20' to 85°50' E and Mahottary is
situated in 26° 36' to 28° 10' N and 85° 41' to 85°
57" E. The temperature ranges between 20-25° C
and average annual rain fall recorded between
1100-3500 mm.

Four plantation sites like 9C, 10B, 4D and 12C
were selected for this study.

DATA GENERATION

The research sites contain diameter of 5- 34 cm
only. From the very beginning the trees having
clear and straight bole and free from malformed
were selected, purposively. The diameter at breast
height and height of trees were measured before
felling. After, sections of felled trees were divided
minimizing the effect of taper. Then, these sections
were cut as well as diameter and length was
measured. Next, disc from each end section were

packed in bag in order to dry in the lab. Meanwhile,
the diameter and length of disc as well were
measured and the fresh weights were also recorded.
Further, bark, sapwood and heartwood were
separated in order to know their percentage quantity
in whole stem (Rawat et al., 1988).

Similarly, the branches were weighted after
removing the leaves in the field. Though it was
tedious job, whole branches of tree were weighted
and 3-5 disc samples were taken from large,
medium and small branches. Likewise, leaves of
whole tree were weighted and 100 gram sample
from all trees was brought to lab (Khanna et al,
1982) in order to dry them.

Overall, 59 trees were felled. Out of this 40 trees
were used to develop the allomatry relationship and
remaining 19 data were used for validation purpose
but three data of regression equation development
were found to be outliers while using the Pearson
Correlation only 37 data were used for this purpose.

DATA ANALYSIS

The volume of main stem was calculated applying
the Newton’s formula

Newton’s volume formula

5, +45 %5, L
Where, S;, S, and S, are the basal areas of larger,
medium and smaller end of the section of stem.
Moreover, the samples of disc, branch, leaves, bark,
sapwood and heartwood were dried in the lab at
105° C until getting the constant weight. Firstly, the
volume of disc (bark, sap and heartwood) was
calculated and dry weight was recorded. By using
the unitary method, the dry biomass of stem, branch
and leaves of whole was calculated.

The data was prepared testing with the Pearson
Correlation test (Tablel).

Volume =

Table 1. Pearson correlation of biomass data

Relation Bole biomass vs Branch biomass vs Leaves biomass vs (nd’hp/4)*ff
(nd*hp/4)*ff (nd*hp/4)*ff
Pearson Correlation 0.95 0.96 0.97
Pearson Correlation Sig. (2-tailed) 0.000 0.000 0.000
p value
Decision High degree of positive correlation

The ff stands for form factor.

Further, the regression equations were prepared for
biomass calculation.

i. Bole biomass (Y)=a+b In (X)

ii. Branch biomass and leave biomass =(Y)= a+b
(X)

Where, Y is biomass (kg), X stands for square of
diameter at breast (cm) height (m) x p (kg
m~)/40000 . The wood density of Eucalyptus
camaldulensis (p) was 810 kg m™.

The regression model was validated by using
remaining field measurements.

The significant of regression equation was checked
by applying the F and t-test. At the same time, the
Root Mean Square Error (RMSE), root mean
square error to the standard deviation (RSR) and
percent bias (PBIAS) were also used to compare
differences between predicted value and observed
values for accuracy assessment.

Z :K'cubs - ""'ure :I :
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RSR — RMSE Where, X, is observed value and X is predicted
“ ' Etandard deviation of observed data value derived from equation (Singh et al. 2004).
The statistical analysis was carried out applying the
2()_"_.}_.5 — Xy J& 100 SPSS and Microsoft Excel software.
POIAS = T -
Tebe RESULTS AND DISCUSSION
DEVELOPMENT OF BIOMASS MODEL
Table 2. Statistics of Regression equations
Regression equation Multiple R R Adjusted R> Standard Error Significant F Significant t
(p-value) (p-value)
Bole biomass = 0.95 0.90 0.90 71.80 0.000 0.000
11.44In(x) - 15.30
Branch bomass= 0.96 0.93 0.9 61.82 0.000 0.000
0.015 (x) + 1.738
Leaves biomass = 0.97 0.95 0.95 0.70 0.000 0.000
0.013 (x) + 1.155
It showed that, the bole biomass equations showed VALIDATION OF REGRESSION
best fit in natural log (Ln) but in case of branch and EQUATIONS

leaves biomass equations, the linear model showed
better performance. At the same time F-test and t-
test showed that the performance of the equations
was significant. The R* values of these equations
were more than 0.90 (table 2).

The analysis showed that, total differences between
predicted values of biomass of bole, branch and
leaves were -2.42, 0.97 and 1.70 respectively
(Table 3).

Table 3. Performance test of allometry equations

Branch biomass Leaves biomass

Differences Bole biomass
Total differences in predicted and -2.42
observed value
Mean differences -0.13
RMSE 0.14
RSR 0.01
PBIAS -0.31

0.97 1.70
0.05 0.09
0.09 0.22
0.02 0.05
0.82 2.30

The regression models were evaluated using
RMSE, RSR and PBIAS. The values of RMSE
were and RSR were low so the developed model
can perform better. Similarly, the value of PBIAS
indicated that the bole biomass model possesses -
0.31 error and branch and leaves biomass model

have negative values with 0.82 and 2.3 respectively
(table 3). Positive values in branch and leaves
biomass indicated that the model possesses
underestimation bias, and negative values in bole
biomass model showed overestimation bias (Gupta
et al., 1999).
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Fig. 1. Residual scatter plots of bole biomass

JBES

49



Winter 2014

Regression Equation Development for Biomass Estimation of Fucalyptus camaldulensis in ...

The residual plots showed quite good scattered in
all three biomass equations. It showed most of the
residuals were distributed near to zero. So, these
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Fig. 2. Residual scatter plots of branch biomass
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Fig. 3. Residual scatter plots of leaves biomass

equations are good fit for applicable (figure 1, 2
and 3). In figures, the Y stands for predicted value
and Y, for observed values.

Percentage contribution of different parts of plants in biomass
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It was found that; contribution of bole biomass was
the highest percentage (76.65%) and followed by
branch (12.69%) and leaves (10.66%). Meanwhile
it differed in bark (14.5%), sap wood (45.75%) and

Fig. 4. Percentage contribution of different parts of plant in biomass

heart wood (39.75%) (Figure 4)

DISCUSSION

The model application has certain risk due to
limitation of data availability in the field. The
biomass equation may mislead the result in case of
Sem< dbh >34 cm because trees of <5Scm dbh >34
cm were not found in the field. The diameter at

50

Journal of Biodiversity and Ecological Sciences



R. Asheshwar Mandal, et al.

Volume 4, Issue 1

breast height (dbh), height (ht), wood density (p)
and form factor were used as function of biomass.
If any other factors are influencing on the biomass
can affect on the result.

The regression equations of biomass showed lower
value of RSR and RMSE, the lower the value of
RSR the lower RMSE, and the model performance
can show better result (Legates and McCabe, 1999).
As percent bias measures the average tendency of
the predicted value to be larger or smaller than their
observed counterparts (Gupta et al, 1999), it was
found negative value in case of bole and positive
values in case of branch and leaves. The positive
values indicate model has underestimation bias, and
negative values indicate model overestimation bias.
The biomass equation is fundamental need of
carbon estimation. In this context, different types of
equations are used to estimate the biomass by
different institutions and research organizations.
Generally, biomass is estimated by applying
equations proposed by Tamrakar (2000), Sharma
and Pukala, Chave et al 2005 etc. It was believed
that, these equations possess enormous drawbacks
like equations developed by Sharma and Pukala
(1990) only provide volume and it has not included
the equation of Eucalyptus camaldulensis,
similarly, the biomass equations compiled by
Tamrakar have limitation of minimum and
maximum diameters as well as they afford only the
fresh weight and the these are based on single
variable, dbh. Indeed, equations developed by
Chave et al (2005) supply the dry biomass but the
data source is out of Nepal.

The biomass calculated by using different equation
gives different values. The dry biomass of 10 cm
dbh and 9.5 m height showed 30.19 kg based on
this equation developed during the present research.
The calculated green biomass using Tamarakar's
equation showed only about 24 kg while, the dry
biomass using equation developed by Chave et al
(2005) showed nearly 39 kg. Moreover, according
to Amatya et al (2002), the biomass of 10 cm dbh
was 42.84 kg.

The biomass table of Tamarakar showed, it was
71.1% of stem, 17.5% of branch and 11.4% of
leaves. This result was quite similar to the present
research work.

CONCLUSION AND
RECOMMENDATION

The biomass equation of Fucalyptus camaldulensis
was prepared using the dbh, height, wood density
and form factor as independent parameters. The R?
values of these equations showed high
performance. At the same time, F-test and t-test
also showed highly significant of these equations.
Moreover, the goodness of fit of these equations
were evaluated under the accuracy assessment
using RMSE, RSR and PBIAS which values
indicated the biomass equations have high
performance.

As Nepal has proposed tier 2 in REDD+
mechanism and approaching for tier 3, it is essential
to develop more standard biomass models.
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