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ABSTRACT
This study aimed to investigate the effective of partial harvest method used for tree biomass
estimation. Such method was analyzed for the correlation in compare with invented
allometric equations. The advantages and disadvantages of those methods were discussed.
The significantly difference between estimation methods were analyzed. As a result, tree
biomass calculated by the Brown’s allometric equation produced highest results, followed by
the partial harvest method, Tsutsumi’s, Chave’s and Pothong’s equations respectively. The
selected allometric equations showed the positive correlation with partial harvest method.
The highest positive correlation was found between the partial harvest method and both
equation of Chave and Pothong (R = 0.99, p ≤ 0.05 and R = 0.99, p ≤ 0.05, respectively),
followed by Tsutsumi’s and Brown’s equations (R = 0.96, p ≤ 0.05 and 0.88, p ≤ 0.05
respectively). Wood density significantly varied among tree species and that affected the
effective of biomass estimation. The allometric equations of Pothong and Chave can be
applied for tree biomass estimation in secondary forest or ‘mixed-species’ plantation. The use
of site-specific allometric equation should be validated with the results from a partial harvest
method to avoid the possible errors of model limitation. Moreover, the partial harvest method
can be used for forest monitoring in the national park or protected area to obtain the accurate
and reliable results.
Keywords: Allometric equation, forestry, aboveground biomass, partial harvest, ecology.
INTRODUCTION
The restoration of secondary forests is one
of the mitigation approaches for climate
change since it can be a potential carbon
sink (Locatelli et al., 2015). Trees and other
vegetation can absorb excess atmospheric
CO2 with high carbon uptake potential and
environ friendly also social benefits (Wani
and Qaisar, 2014) and sequestrate carbon in
their biomass (Carpenter et al., 2006).
Therefore, the estimation of trees biomass is
an effective tool to quantify the
aboveground carbon pool. Data on tree
biomass and carbon stock reflects the
potential of forest productivity and carbon
sequestration capacity (FAO, 2015). In
general, tree biomass can be estimated by
either direct or indirect methods. The direct

estimation of tree biomass can be conducted
by cut-down trees and weight parts of a tree,
consists of leaves, branches, stem and roots.
For example, Maulana (2014) used
destructive sampling, of 49 trees, to
investigate total above-ground biomass in
the Papua tropical forest. Peichl and Arain
(2007) used destructive sampling to
investigate the allometry and partitioning
tree biomass in pine forest. Although the
destructive sampling is the most accurate
approach for biomass estimation but it tends
to be time consuming, requires more labors
and costs (Lu, 2006). While the indirect
method, include the use of allometric
equations or satellite-based technique such
as remote sensing technique. However, in
order to confirm and validate the results
from remote sensing, trees should be
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measured the field to validate the accuracy
of results.
The allometric regression model is a
common method to estimate trees biomass
by converting the forest inventory data,
based on allometric relation using biomass
from stem diameter and/or tree height to
estimates of aboveground biomass (Breugel
et al., 2011). There are several invented
allometric equations that are applicable for
each type of forest. The Tsutsumi et al.,
(1983)’s allometric equation is applicable
for tropical rain forest and dry evergreen
forest. On the other hand the biomass
regression equations of Brown et al., (1989,
1997) derived data from harvested trees in
tropical forests. Their study sites were
categorized as very dry, dry, moist and wet
forest. But the Brown et al., (1989, 1997)’s
regression model relied on tree diameter
only to predict tree biomass. Later on,
Chave et al., (2005) had improved the
allometric equation for tropical forest. They
included the variable of wood density, tree
diameter and tree height in the model to
improve the predictive quality of model.
Chave et al., (2005) dataset had covered the
broad range of tropical forest sites and
included the data from harvested studied.
Pothong et al., (2021) had constructed a new
allometric equation for seasonally dry
secondary forest in northern Thailand. Their
equation constructed from 78 trees (136
individual stems including coppices were
felled). Pothong et al., (2021)’s model
variables included wood density, tree
diameter and height.
However,
although
direct
measurement of tree biomass by harvesting
method gives high accuracy results, it
cannot be performed in national parks or
protected area. Moreover, the using of
allometric equations has limitation of use
regarding vegetation types or area.
Therefore, the alternate approaches are
required to determine reliable and accurate
results of aboveground biomass of woody
vegetation. The partial harvest method
requires both tree measurement and partially
harvest a selected tree. Some part of a tree

that is cut is used for foliage mass and
branch mass measurement. Then, in order to
calculate tree biomass, the volume of stem
and branch must be combined with wood
density and converted to biomass (Snowdon
et al., 2002). The total tree biomass derives
from the relationship of tree volume and
wood density.
In this study, the study site for a
partial harvest sampling was located in the
forest restoration site where trees were
planted for forest ecosystem restoration,
biodiversity conservation, environmental
protection and carbon storage. Data on trees
biomass can improve an understanding of
forest structure and carbon cycle. Therefore,
accurate estimation of biomass estimation is
needed for monitoring growth, change,
outcome and achievement of the plantation
forest. Since the complete harvest method
was unable to conduct at the restoration site,
thus, this study used the partial harvest
method as the purpose of estimate tree
biomass in national park area, compared
with the developed allometric equations for
dry tropical forest. The accurate method will
be useful for forest restoration plan and a
model for other plantation plots.
MATERIALS AND METHODS
Study Site
The site located in Mae Sa Valley,
Mae Rim District, Chiang Mai Province,
Thailand (18˚52'N and 98˚51'E). The study
site was the forest restoration plots planted
with indigenous tree species since 1998.
There were agricultural area and natural
forest (Dong Seng forest) located nearby.
The altitude of study sites was 1200 to 1400
m above sea level. The annual average
temperature was 26.8˚C. A dry season
normally starts from November to April and
a wet season from May to October. The
vegetation mostly is seasonally dry and
evergreen forest. The oldest restoration plots
were aged of 14 years at the time of the
study (Figure 1).
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Figure 1: Map of study site in the Upper Mae Sa Valley.
The green area indicated the study site, RF14 = restoration forest of aged 14 years, RF10 = restoration forest of
aged 10 years and RF5 = restoration forest of aged 5 years.

Partial Harvest Method
Sample trees of this study were
selected regardless of tree ages. They were
selected from 11 common tree species (with
three trees replicates of each specie), which
were Bischofia javanica, Nyssa javanica,
Gmelina arborea, Sapindus rarak, Heynea
trijuga,
Hovenia
dulcis,
Erythrina
subumbrans, Melia toosendan, Prunus
cerasoides, Sarcosperma arboretum and
Spondias axillaris. The results of partial
harvest method obtained from Jantawong et
al., (2017).
Tree height was measured by using
an electronic clinometer (Haglof: model
HEC-MP). Diameter at breast height (DBH)
was measured at 1.3 m above ground by
using measuring tape. Wood density was
measured to convert volume measurements
to mass. Wood core samples were taken
from standing trees, using the Haglöf
increment borer. The borer had the size of
30 cm length and 5 mm diameter. Bored
wood samples were collected at breast

height and halfway through tree stems. One
piece of wood sample per each tree was
collected. There were 9 trees per species.
The wood samples were oven-dried at 70˚C
for 72 hours and weighted for dry mass. The
formula of a cylinder volume was applied to
calculate wood core volume. Wood density
was calculated by dividing the dry mass of
wood sample with its volume
Primary branch of a tree was cut as
partial harvest sampling to measure the
biomass of foliage and/or branch (Snowdon
et al., 2002). In one tree, branches were
categorized as primary, secondary, tertiary
and so on. The criteria for primary branch
mean those that grew from the main trunk
(in similar size). While secondary branches
were those that grew out from primary
branches. The same logic was applied for
the next smaller branch order (tertiary and
so on) (Jantawong et al., 2017). The total
amount of primary branches in one tree
were counted and then cut down one from
each tree to measure branch volume (Figure
2).
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Figure 2: Tree parts
T = Trunk, 1B = Primary branch, 2B = Secondary branch, 3B = Tertiary branch

Stem circumference was measured at the
base and top. A cut primary branch was
measured for its length and circumference.
The paraboloid frustum equation was
applied to calculate the volume of tree stem
and woody branch (Eq.1).
𝑆𝑡𝑒𝑚 𝑣𝑜𝑙𝑢𝑚𝑒 =

𝜋ℎ
3

(𝑅 2 + 𝑅𝑟 + 𝑟 2 )
Eq. 1

where h = height, R = lower
circumference and r = upper circumference.
Total aboveground biomass of each
tree was calculated by summing woody
biomass with leaves mass. Stem mass
obtained from multiplying wood density by
stem volume. Leaves mass of each tree was
calculated by multiplying the leaf mass from
one cut primary branch by the total number
of primary branches of a tree (Eq. 2, 3, and
4).
Stem mass = wood density × stem
volume Eq. 2
Total branches mass = mass of cutprimary
branch
(woody part and
leaves)
×
total
number of primary
branches
Eq. 3

Total tree biomass = total branches
mass + stem mass
Eq. 4
Allometric Equation
The allometric equations of Tsutsumi
(1983), Brown et al., (1989, 1997), Chave et
al. (2005), and Pothong et al., (2021) were
described as follows:


Tsutsumi et al., (1983)

They had conducted the study during
1979-1981. Total of 63 trees (taller than
1.3 m) were cut in various forest types,
consisted of dry evergreen forest, mixed
deciduous forest and dry dipterocarp
forest. A total of 6 trees of different sizes
were selected for roots biomass estimation.
Tsutsumi’s equations use two variables
consisted of tree diameter or DBH and tree
height. The equations were separated for
stem, branched, leaves and roots. Total
tree biomass was calculated by summing
the stem mass, branches mass and leaves
mass altogether.
𝑊𝑠 = 0.0509(𝐷2 𝐻)0.919
𝑊𝐵 = 0.00893(𝐷2 𝐻)0.977
𝑊𝐿 = 0.0140(𝐷2 𝐻)0.669
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where WS = biomass of the stem (kg), WB =
biomass of branches (kg), WL = biomass of
leaves (kg), D = stem diameter at 1.30 m
above ground (cm) and H = tree height (m)
 Brown et al., (1989, 1997)
They constructed the regression model
by using the secondary data obtained from
various source and categorized by life zone
(dry, moist and wet forest). Data from 5,300
individual trees were used to construct the
regression equation. The only variable used
in the equation was tree diameter or DBH,
as followed:
𝐴𝐵𝐺 = exp(−2.134 + 2.53 ln(𝐷))
where ABG = above-ground biomass (kg)
and DBH is diameter at breast height (cm)


Chave et al., (2005)
The model analysis of Chave et al.
(2005) relied on the secondary data
compiled from the tree harvest studies
conducted in tropical forests in America,
Asia, and Oceania for a total of 2,410 trees.
They had included the ‘wood density’
variable into the model to increase the
predictive power of the model. The “dry
tropical forest” equation was as followed:
𝐴𝐵𝐺 = exp(−2.187 + 0.916
∗ ln(𝜌𝐷2 𝐻))
Where, ABG = above-ground biomass (kg),
ρ = wood density (cm3), D = stem diameter
over bark at 1.30 m above ground (cm) and
H = tree height (m)
 Pothong et al., (2021)
The studied was conducted in in
shifting cultivation areas. The vegetation
was secondary forest classified as seasonally
dry evergreen. The 136 sample trees were
felled. Sample trees had diameter ranging
from 1 to 32.9 cm. Wood density, tree
height, woody mass and leaves mass were
measured to derive the allometric equation.

D = stem diameter at 1.30 m above ground
(cm), H = tree height (m) and ρ = wood
density (cm3)
Allometric Equations Comparison
The results of tree biomass
calculated by partial harvest method and
allometric equations were compared. The
Duncan’s multiple range test was used to
analyze the statistical differences. The
correlation of biomass between the partial
harvest method and each of the allometric
equation were constructed by using R studio
software to analyze the strength of its
relationship.
RESULTS AND DISCUSSION
Aboveground Biomass
Aboveground biomass of 11 selected
species were calculated and averaged, in
replicate of 9 trees per species (N=9). The
biomass was compared among species and
between the partial harvest method and
different allometric equations (Tsutsumi et
al., 1983; Brown et al., 1989, 1997; Chave
et al., 2005; and Pothong et al., 2021).
There were 6 species; Spondias
axillaris, Nyssa javanica, Melia toosendan,
Sarcosperma arboretum, Gmelina arborea,
and Bischofia javanica that the biomass
results showed significantly different among
calculation methods.
However, the biomass results of 5
species; Erythrina subumbrans, Heynea
trijuga, Prunus cerasoides, Hovenia dulcis
and Sapindus rarak that showed no
significantly different between calculation
methods (ANOVA and Duncan’s Multiple
Range Test (p ≤ 0.05), N = 9). Brown et al.,
(1989, 1997)’s equation derived the biomass
results higher than other methods, except
Heynea trijuga and Gmelina arborea that
partial harvest gave the highest results.

ln(𝐴𝐵𝐺) = −2.003 + 0.847 ln(𝐷2 𝐻𝜌)
where ABG = above-ground biomass (kg),
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Table 1: The comparison of aboveground biomass of selected species (averaged among ages in the same
species), calculated by Partial harvest method and allometric equations of Tsutsumi, Brown, Pothong and
Chave.
Tree species

Partial harvest

Tsutsumi et al.,
(1983)

Brown et al.,
(1989, 1997)

Chave et al.,
(2005)

Pothong et al.,
(2021)

Spondias axillaris

159.24±88.83 ab

140.15±91.83 ab

229.45±190.08 a

95.82±50.90 b

68.14±34.00 b

Erythrina subumbrans*

150.09±141.86 a

157.76±138.96 a

187.15±166.53 a

82.71±76.67 a

58.23±51.67 a

Heynea trijuga*

92.16±80.18 a

65.67±55.66 a

82.38±61.13 a

59.58±50.13 a

43.17±34.84 a

Prunus cerasoides*

71.63±71.26 a

48.00±41.51 a

88.32±80.61 a

46.55±45.73 a

34.11±32.10 a

Nyssa javanica

72.13±56.94 ab

67.26±55.49 ab

114.81±77.82 a

45.40±33.23 b

33.98±22.90 b

Hovenia dulcis*

62.25±65.78 a

51.05±50.34 a

71.42±72.02 a

42.43±45.49 a

31.40±31.40 a

Melia toosendan

57.56±59.29 ab

51.50±50.51 ab

113.52±118.32 a

36.15±35.50 b

27.15±25.07 b

Sarcosperma arboreum

49.69±39.92 ab

39.04±23.13 ab

62.73±51.66 a

33.21±20.43 ab

25.56±14.48 b

Gmelina arborea

40.16±15.74 a

28.99±12.31 ab

34.71±16.71 ab

28.18±10.84 ab

22.09±7.87 b

Bischofia javanica

20.64±6.80 b

19.24±6.38 b

27.68±9.01 a

14.56±5.02 bc

12.00±3.82 c

Sapindus rarak*

18.24±16.22 a

12.46±8.89 a

19.83±15.88 a

13.24±11.67 a

10.80±8.82 a

Note: * indicate the significantly indifferent between methods. ANOVA and Duncan’s Multiple Range Test (p ≤
0.05),N=9.

However, in general, the biomass
results ranked high to low as calculated by
Brown et al. (1989, 1997)’s, partial harvest
method, Tsutsumi et al. (1983)’s, Chave et
al., (2005)’s and Pothong et al., (2021)’s
equation, respectively (Table 1).
Comparison Between Partial Harvest
Method and Allometric Equations
The Correlation relationship was
constructed regardless of tree species
(N=99) to investigate the correlation
between partial harvest method and
allometric equation (Figure 3). It was found
that allometric equations used in this study

(Tsutsumi et al., (1983), Brown et al., (1989;
1997), Pothong et al., (2021) and Chave et
al., (2005)) produced the significant positive
correlations with the partial harvest method.
The highest positive correlation or highest R
was observed in the correlation between
partial harvest method and Pothong et al.
(2021)’s equation (R = 0.99, p ≤ 0.05)
(Figure 3c), and partial harvest method and
Chave et al., (2005)’s equation (R = 0.99, p
≤ 0.05) (Figure 3d). Whereas the
relationship between partial harvest method
and Brown et al., (1989; 1997)’s equation
gave the lowest positive correlation (R =
0.88, p ≤ 0.05) (Figure 3b).
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Figure 3: Correlation analysis of aboveground biomass of all 11-tree species calculated by the partial
harvest method and allometric equation of Brown, Tsutsumi, Chave and Pothong (N = 99).

Wood density is one of the important
variables for biomass estimation. Including
wood density in the calculation model
provide a significantly better fit for the
mixed-species model (Maulana, 2014;
Pothong et al., 2021). Since wood density is
varied among species, the missing of wood
density could resulted in poor prediction of
tree biomass, (Baker et al., 2004). Figure 4
showed the significant differences of wood
density among species (Duncan’s Multiple
Range test, p ≤ 0. 05). In general, wood
density of fast-growing pioneer trees was
less than that of late-successional species.
Except for Gmelina arborea and Prunus
cerasoides, that were categorized as fastgrowing species but had wood density
higher than expected (Figure 4). Mean wood
density of G. arborea was 0.57 g/cm3,
whereas P. cerasoides was 0.50 g/cm3

(Jantawong et al., 2017).
Then, when consider the variable in
selected allometric models in this study,
Brown et al., (1989; 1997)’s equation relies
on one variable in the calculation, which is
tree diameter (DBH). It could cause the
overestimate of biomass when trees have
large stem. Moreover, although Tsutsumi et
al., (1983)’s equations had the variable of
tree diameter and height, but the model had
not included the wood density variable in
the calculation. While partial harvest
method, Chave et al., (2005) and Pothong et
al., (2021) included wood density in the
calculation. Therefore, it explained the
lowest positive correlation between partial
harvest method and Brown et al., (1989;
1997); and the highest positive correlation
found in Pothong et al. (2021)’s equation,
and Chave et al., (2005)’s equation.

© 2022 by Journal of Bioresource Management is licensed under CC BY 4.0.

1

Jantawong K and Pothong T. (2022). The Study of Tree Biomass with Allometric Equation Method.
J Biores Manag., 9(1): 31-40

Figure 4: Wood density of selected tree species (g/cm3) (ranked by order of increasing mean) (N = 9).
Pioneer species were presented in black bars and climax species were presented in white bars. The
superscript indicated the significantly different (p < 0.05).

Results of the relationship of partial harvest
method confirmed that aboveground
biomass calculation using allometric
equations of Pothong et al., (2021) and
Chave et al., (2005) can be applied for the
secondary forest or mixed-species plantation
plot for cost effective and time management.
Moreover, the equation of Pothong et al.,
(2021) was constructed based on the
destructive sampling and directly weight
trees components, so that the model can be
reliable for mixed-species trees biomass
calculation.
However, the allometric equations
had the limitation of species- and
ecosystem-specific and varied strongly
among models (Nam et al., 2016). The use
of locally developed allometric models can
provide more accurate aboveground
biomass estimation than foreign models
(Breugel et al., 2011). More importantly, the
use of regression models beyond their range
of validity should be avoided. For example,
the model presented by Chave et al., (2005)
was valid in the range 5–156 cm for tree
diameter.

Therefore, to avoid the errors of
applying models beyond its range of
database, the partial harvest method can be
an alternative method for supporting and
confirm the results from analytical
equations, since the method based on direct
measurement of tree parts without tree
felling. Partial harvesting is also useful in
the area where complete destructive
sampling is prohibited, such as national
parks and conservation area (Mekuria et al.,
2011).
CONCLUSION
The allometric equations of Chave et
al., (2005) and Pothong et al., (2021) can be
used for estimating tree biomass in mixedspecies tropical forest and confirm the
results with a partial harvest method, since
the biomass result calculated by those two
equations exhibited a strong relationship
with the partial harvest method. But using of
allometric equation has to be carefully
selected and must concern about the model’s
limitation such as the range of tree size and
ecosystem specific. Therefore, using

© 2022 by Journal of Bioresource Management is licensed under CC BY 4.0.

38

Jantawong K and Pothong T. (2022). The Study of Tree Biomass with Allometric Equation Method.
J Biores Manag., 9(1): 31-40

allometric equation in concerns with sitespecific assessment can generate more
accurate estimates of dry tropical forest
biomass (Cairns et al., 2003). Moreover,
Brown et al., (1989) mentioned that their
developed equation better be used in
tropical forest but have to be caution with
the specific region and if the local
developed equation available, it should be
used instead of the general equations.
However, use of partial harvest
method had some cautions and suggestions.
Since the primary branch of selected trees
must be cut, it could be dangerous when the
tree trunks are tall with high canopy. For
safety concerns, ladders and ropes must be
used for branches sampling. Moreover, to
avoid the issues of under- or overestimation of tree biomass in study plots,
tree height and tree diameter should be
measured as many trees as possible as a
preliminary survey. So, trees selected for
sampling were closest to the average size
and could represent the whole area.
Moreover, it is sometimes difficult to count
all the primary branches if the tree is tall or
the crown is dense. Therefore, to adopt this
method, the following factors must be
considered: i) labors, ii) time availability
and iii) tree sizes.
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