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Abstract: Management of stands in community forests such as 

agroforestry and stands outside forest areas can reduce 

greenhouse gas emissions. The agroforestry system is a good 

choices in reducing climate change compared to other options in 

terrestrial ecosystems. This study aimed at obtaining the most 

optimal model to estimating the biomass of Cempaka tree 

(Elmerillia Sp) in community forest stands in Minahasa 

Regency. The sample was selected through stratified random 

sampling from two locations. The first location represents the 

stand of the Cempaka tree community forest, and the second 

location represents mixed community forest stands. 35 trees 

were selected for felling, and measurements of wet weight and 

biomass were carried out based on tree parts. The model to be 

developed is an allometric regression model of 35 selected trees, 

and a previously published model. The estimation model 

obtained is the Cempaka tree biomass estimator model 

according to tree dimensions such as stems, branches, twigs, 

leaves, and roots. The results showed that the allometric 

regression model in the form of logarithmic regression with one 

independent variable, i.e. diameter of the tree, was quite good in 

predicting the Cempaka tree biomass. The accuracy of the 

estimator model for total tree biomass shows R
2
 of 99.5% with 

MSE 0.0023 in pure cempaka tree stands. At the second location 

the coefficient R
2
 is 98.3% with MSE 0.0038. The predictive 

results show that the cempaka tree in the community forest 

stands has a biomass content of 62% - 72%, and the stem part is 

the largest content. 

 

Index Terms: Allometric Regression, Biomass, Cempaka Tree, 

Estimator Model 

I. INTRODUCTION 

Good tree management in social forestry such as 

agroforestry, private forestry can mitigate greenhouse gas 

(GHG) emission under the Kyoto Protocol. Agroforestry 

system is a better option in climate change mitigation than 

terrestrial option because of the secondary benefits such as 

helping to attain food security, increasing farm income, 
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maintaining above-ground and below-ground, biodiversity, 

soil conservation [1]; reduce emission [2], and expand forest 

. Agroforestry is a form of management practice 

community-based forest. Agroforestry has potential as one 

large enough carbon sink [3]. More than 345 million ha the 

area of plantation forest and agroforestry has the potential to 

be developed for carbon conservation and absorption [4]. 

This practice will result in absorption carbon at around 

6.3-16.4 GtC per year, and give contributions to economic 

benefits for farmers in the CDM framework. The study also 

states that more than 50% carbon forests can be a product of 

community-based activities [5]. 

This study aimed at determining the most optimal model 

based on the relationship among the tree dimensions to 

estimate the biomass and carbon potential of the Cempaka 

tree (Elmerillia Sp) by using the allometric regression 

equation, and determining the allometric relationship 

between biomass and carbon uptake potency. The model was 

built based on 35 cempaka trees that were harvested from 

various diameter and age classes, while the used model was 

the model that had been previously published. 

Research on allometric relations models has been carried 

out in several types of forests and agroforestry. Estimation of 

tree biomass has been conducted to predict carbon fluxes 

[6],[7], and for carbon (C) sequestration on tree parts [8]. 

Several studies have been developed for several variations of 

the model of the relationship between tree species biomass in 

tropical natural forests [9], plantations, and agroforestry 

[10],[11]. 

There are two approaches used in Estimation and 

Measurement of Tree Biomass to estimate tree biomass, i.e. 

the volume approach and the equation approach [12]. The 

volume approach is Above-ground biomass (ton/ha) = VOB x 

WD x BEF [13] where: 

VOB  = Volume of branch-free stems with skin (m3 / ha) 

WD  = Wood density (oven dry biomass) (tons) 

BEF  = Ratio of total dry tree biomass above-ground   

            with dry biomass of forest inventory. 

 

The equation approach is Above-ground biomass Y = aDb 

where: 

Y  = tree biomass (kg) 

D  = diameter at breast height (130 cm), a and b are 

constants. 
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Some experts develop biomass estimation of allometric 

relations by building relationships of tree diameter and tree 

heights [14],[15].  

 

 

The dimensional analysis (dbh and height) of a tree has 

been proven and is able to explain more than 95% of the 

variation in tree biomass. 

II. MATERIAL AND METHOD 

The study material was 35 Cempaka trees (Elmerillia Sp) 

harvested at two locations in Minahasa District, which 

represented various diameter sizes and tree ages. At the first 

location, 20 trees were selected which represented the pure 

stands of Cempaka trees (Elmerillia Sp) in the Cempaka 

agroforestry stands. In the second location, 15 trees selected 

which represented mixed agroforestry stands. A total of 35 

selected trees were taken from 50 sample plots using 

stratified random sampling. Diameter (dbh), height (h), basal 

area (ba), crown area, wet weight (bb) were measured, while 

measurements in the laboratory included: oven-dried weight 

and tree density. 

A. Description of Cempaka (Elmerillia Sp) 

Cempaka trees are endemic in Minahasa. Two types of 

Cempaka that can be found in this region are Cempaka 

(Elmerillia Sp) and Cempaka Wasian (Elmerillia Ovalis Sp). 

Cempaka trees have moderate growth ability, and widely 

planted in agroforestry [16]. In natural forests as their 

habitat, they can have diameter (dbh) of 45-55 cm, 

branch-free height of 15-20 m, estimate lifespan of 30-40 

years, while in the agroforestry area which is developed by 

farmers, can reach lifespan of 20-30 years, have diameter 

(dbh) of 40-50 cm, and branch-free height of 10-15 m [16]. 

They thrive at around 300-400 meters above sea level, and 

many are planted in the Minahasa, Tomohon and South 

Minahasa districts. 

B. Statistical Analysis 

The Biomass estimator model used in this model is based on 

the allometric equation, which is developed from the 

regression equation model ( , )Y f      [17]. The 

estimation model obtained from this research is intrinsically 

linear with geometric shape that can be linearized through 

logarithmic transformations. General form of geometric 

model Y X  . 

Generally, the tree biomass is determined indirectly 

through allometric equations arranged for tree biomass 

estimation. Some of allometric equations have been 

developed by Brown [9], [12],[13] for tree species in tropical 

forests. 

A total of 35 sample trees, especially Elmerrilla sp, were 

chosen to represent tree species in the agroforestry stand. 

They are the dominant tree species planted in both 

agroforestry locations, and in Minahasa generally there are 

no allometric equations available. These samples then be 

used to construct biomass allometric estimator equation.  

 

C. Biomass Estimator Stand Model of Elmerillia sp 

Allometric equation model are constructed from the 

assumption that there is a significant functional relationship 

between tree biomass and tree dimension. This relationship 

is examined using the equation models that was tested 

previously. The tree dimension used includes allometrics, 

which considered both one variable dimension and two 

variable dimension. Allometric equation that typically used 

in tropical forest are: 

 

log log log i iY D                                            (1) 

log log log logi i iY D H                           (2) 

2

iY D D                                                           (3) 

Where: 

Y  biomass estimation (ton/ha);  

, ,     regression parameters ;  

D    Tree’s diameter (Dbh) (cm) ;  

H   Tree’s Height (m) ;  

i    Error. 

Equation (1) is an equation that is widely used by 

researchers [18]-[20], and it is in line with the requirements 

of accuracy and practically. Equation (2) is an extension of 

equation (1) by adding the height of the tree. Equation (3) is 

the second order polynomial equations as proposed by Brown 

[12] for allometrics biomass tree in tropical forests. 

III. RESULTS AND DISCUSSION 

Tables 1 and 2 show the description of the Cempaka tree 

on both locations. Table 1 shows the agroforestry stand 

dominated by pure Cempaka trees, while in the second table 

shows the location of mixed agroforestry stand with other 

trees. 

Table 3 presents the model of the chosen allometrics 

equation and description of statistical criteria testing for the 

basis of selecting the best regression equation. The best 

regression equation model is statistically shown by the 

coefficient of determination R2, standard error estimation (s), 

PRESS Statistic and F Statistic and also the selection criteria 

for CVd and MSPE models. The best model has to meet the 

criteria that has the highest value of R
2
 and F Statistic and the 

lowest value of s, PRESS Statistic, CVd and MSPE. 

The high of Correlation Value (r) obtained between the 

totals of tree biomass and tree stem with Dbh, both types: 

Wasian and Cempaka. The correlation coefficient (r) 

between logarithm from Dbh (Log D) and Logarithm from 

total biomass (Log Y) are 99.2 (p < 0.05) for Wasian type, 

and 99.7 (p < 0.05) for Cempaka, and between the logarithm 

from Dbh and logarithm from stem’s biomass (Log Biostem) 

are 98.4 (p < 0.05) for Wasian, and 99.8 (p < 0.05) for 

Cempaka. Table 13 shows that based on the selection of the 

best regression parameter models to estimate the totals of tree 

biomass and part of tree trunk biomass and also other part of 

tree network which, the equations with one independent 

variable, i.e. tree diameter, are 

statistically very significant.  

This can be seen from the 

value of coefficient of 
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determination R2: 99.2 and 98.4 (p < 0.05) for Wasian type, 

while for Cempaka R2 is 99.7% and 99.8% (p < 0.05). Also, 

other statistical indicators such as standard error(s), Press 

Statistic, MSPE and CVd are very small and the highest value 

are R2 and F Statistic. 

The equation for tree biomass estimation using tree 

diameter variable is sufficiently reliable to estimate tree 

biomass. Equation 1 with tree diameter as an estimator 

variable provides high accuracy compared to equation 2 

which includes two estimator variables  

 

(tree diameter and height). The addition of tree height 

variable statistically only causes little diversity and tends to 

be unreal (p < 0.05) in increasing accuracy of tree biomass 

estimation. This is reflected by the value of R2 which tends to 

be fixed (or only increases slightly) or even tends to decrease. 

On equation 3, the 2nd order polynomial model with the 

combination of D and D2 as independent variables, the result 

is statistically good enough with very high R2 values, but the 

value of s, PRESS, MSPE and CVd are very large. However, F 

statistics (p < 0.05) tend not to be significantly different or 

insignificant and this model is not consistent as a biomass 

estimator for other parts of the tree network. 
 
Table 1. Descriptive statistics of 20 tree samples used developing regression 

allometric biomass model at agroforestry tree cempaka (Elmerrilia Sp) 

(location which is dominated by cempaka trees) 

 

Tree Dimension Range Mean Se MSe 

Diameter dbh (cm) 20.50-45.25 36.26 9.25 2.64 

Total High(m) 23.50-36.25 26.10 8.54 2.28 

High branch free (m) 14.50-26.20 13.15 4.86 1.32 

Canopy (m
2
) 10.5-13.0 58.0 49.3 11.5 

Age (year) 10.00-30.00 15.88 5.5 2.1 

Basal Area (m
2
) 328.99-1607.34 

1146.5

0 
64.8 7.42 

Stem Biomass (kg) 76.2-1565.1 446.7 
233.

7 
50.3 

Branch Biomass (kg) 32.5-309.1 66.5 46.6 26.6 

Twigs Biomass (kg) 0.98-89.02 22.50 
25.8

5 
6.67 

Leave Biomass (kg) 2.59-49.34 20.46 
14.3

2 
3.70 

Fruits Biomassa (kg) 0.00-10.75 1.53 1.90 1.01 

Bark Biomass (kg) 10.86-83.20 29.04 
21.9

6 
6.19 

Root Biomass (kg) 12.6-65.3 34.1 13.0 5.7 

Total Biomass (kg) 121.0-2762.0 679.1 303 94 

 

Table 2.   Descriptive statistics of 15 sampled trees used developing regression 

allometric biomass model at agroforestry tree cempaka (Elmerrilia Sp) (Mix 

Location Cempaka Tree) 

 

Tree Dimensi Range Mean Se MSe 

Diameter dbh (cm) 17.50-40.00 21.00 10.59 3.99 

Total High(m) 16.50-28.55 22.05 6.65 2.97 

High branch free (m) 12.0-19.01 10.82 3.99 1.13 

Canopy (m
2
) 6.10-13.20 10.22 16.11 8.32 

Age (year) 15.0-25.0 20.05 4.74 1.22 

Basal Area (m
2
) 239-1599.4 715.2 71.60 11.55 

Stem Biomass (kg) 56.3-1330.7 380.5 155.8 81.9 

Branch Biomass (kg) 31.9-366.9 77.9 69.3 15.6 

Twigs Biomass (kg) 20.9-273.0 69.6 48.5 15.7 

Leave Biomass (kg) 11.89-75.69 33.54 18.03 9.43 

Fruits Biomassa (kg) 0.00-15.42 5.83 2.90 1.52 

Bark Biomass (kg) 8.50-198.0 42.9 20.5 13.0 

Root Biomass (kg) 1.3-30.0 26.8 19.1 2.4 

Total Biomass (kg) 114.0-2691.0 514.2 674.0 174 

 

IV. CONCLUSION 

The allometric equation model with one independent 

variable that is tree diameter (Dbh) is the best model and is 

reasonably reliable and consistent in estimating biomass 

potency and carbon uptake of Cempaka tree in agroforestry. 

The selected allometric equation model for estimating total 

biomass of Cempaka tree is Y = 0.0646D2.71 with the 

coefficient of determination (R2) = 99.7%, and for Cempaka 

domination is Y = 0.1991D2.40 with the coefficient of 

determination (R2) = 99.2 %. 
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