
Open Access Journal of Waste Management & Xenobiotics
ISSN: 2640-2718

MEDWIN PUBLISHERS
Committed to Create Value for Researchers

Modeling Tree Height, Crown Diameter, Volume and Carbon in Response to Diameter at Breast 
Height of Schima wallichii and Catanopsis indica: A Study from Midhills, Nepal

J Waste Manage Xenobio

Modeling Tree Height, Crown Diameter, Volume and Carbon in 
Response to Diameter at Breast Height of Schima wallichii and 

Catanopsis indica: A Study from Midhills, Nepal

Koirala K1, Mandal RA2* and Khadka A3    
1Kathmandu Forestry College, Nepal
2School of Environmental Science, Kathmandu, Nepal
3Forest Research and Training Centre, Kathmandu, Nepal
 
*Corresponding author: Ram Asheshwar, Mandal School of Environmental Science and 
Management, Kathmandu, Nepal; Email: ram.mandal@gmail.com

Research Article 
Volume 5 Issue 2

Received Date: August 01, 2022

Published Date: September 13, 2022 

DOI: 10.23880/oajwx-16000176

Abstract

The study regarding correlation between diameter at breast height (DBH) and other variables like height, crown diameter, 
volume and carbon of the tree species of Schima wallichii and Castonopsis indica was not done yet. Thus, this research was 
objectively carried out to assess the correlation between DBH and different parameters particularly height, crown diameter, 
volume and carbon stock. The study was centered on the mid hill region where natural Schima-Castonopsis forest is abundantly 
found. Total 360 nested sample plots were established having 12.62 m radius for tree, 5.58 m radius for pole, 2.78 m radius 
for Sapling, 1.76 m radius for seedling measurement. The DBH and height were measured of these tree species in the plots. 
Collected data was analyzed using Pearson correlation to show the relation of different characteristics of tree and equations 
were examined using ANOVA and t-test. The descriptive statistics mean ± standard error (SE) of DBH was 28.65±1.25 cm, 
standard deviation was 19.682, minimum value was 5.2 and maximum value was 161.5 of Castonopsis indica. Similarly, 
mean±standard error of DBH was 22±0.96 cm, standard deviation 10.254, minimum value was 5.5 and maximum value was 
54.3 of Schima wallichii. Moreover, there was positive and strong correlation between DBH and height of Castonospsis Indica 
with R square value 0.71 and the equation was Y=7.1075ln(X)-9.4467 whereas, Y is the height of the tree and X is DBH. This 
correlation between DBH and height of Schima wallichii also showed positive and strong with R square value 0.81 and the 
equation was Y=7.9982ln(X)-11.277. Same correlation was found between DBH and crown diameter of Castanopsis Indica 
having equation Y=3.4335ln(X)-6.8637 whereas Y is the crown diameter of the tree and X is DBH. Moreover, similar correlation 
between DBH and volume was also found. Statistically, ANOVA and t-test showed that there was significant correlation between 
DBH and tree characteristics like height, crown diameter and volume at 95% confidence level. This research will be useful for 
the decision maker and scientific community to assess the volume and carbon measuring single variable i.e. only DBH.     
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Abbreviations: DBH: Diameter at Breast Height; SE: 
Standard Error; PSP: Permanent Sample Plots; FRTC: Forest 
Research and Training Centre.
 

Introduction

Schima wallichii and Castanopsis Indica are hilly plant 
species generally found in Bangladesh, Bhutan, southwestern 
China, Myanmar, Thailand, Laos, Vietnam, northern India 
and Nepal. Both species are medium fast growing. Schima 
wallichii is an evergreen tree belonging to the tea family 
Theaceae while Castanopsis Indica is belonging to Fagaceae 
family. These species are used mainly for timber to construct 
the house in hilly areas in these countries. The, leaves of 
these species are used for fodder and nuts are edible. The 
mid hill is very suitable habitat for this species. These species 
generally distributed in eastern central hilly region of Nepal. 

Several types of models are essential to understand tree 
characteristics [1-3]. These models are differed according 
to species and their use [4,5]. The timber is most valuable 
forest product which is traded in volume unit [6-8]. Similarly, 
another important product is biomass and carbon [9]. 
Carbon sequestration is vital role of tree which is also known 
as carbon credit [10-12]. This carbon sequestration helps us 
to understand the phenomenon of climate change [6,13,14]. 
The volume and carbon assessment of felled trees is easy 
and convenient job but it is very difficult to assess theses 
parameters of standing trees [15]. Thus, reliable equations 

are needed. There are very limited equations to assess the 
volume and carbon in Nepal. 

The diameter is most important variable in the forest 
science. Almost all parameters correlate with the diameter 
at breast. There is strong correlation between diameter and 
other variables like height, volume and carbon. However, 
these correlations are varied according to species, climatic 
condition and geographical areas. The correlations of these 
variables of Schima wallichii and Castanopsis Indica are 
limitedly explored in Nepal. The assessment of correlation 
between the variables is important to show the height, 
volume and carbon of the tree with respect to diameter at 
breast height. These equations will help to evaluate volume 
and carbon stock only measuring the diameter at breast. 
Thus, such types of research are essential. Therefore, this 
study was carried out to assess the correlation between DBH 
and different parameters like height, volume and carbon 
stock.

Materials and Methods

Study area: The study was centered on the mid hill region 
where natural Schima-Castonopsis forest is dominantly found. 
Mid Hills, lie north of Churia along the southern flanks of the 
Himalayas [16]. The region occupies 4,306,230 ha (29.2%) 
of the total land area of the country and covers parts of 55 
of the nation’s districts. The specific plots for the study were 
determined after the preliminary visit and study Figure 1.

 Figure 1: Mid-hill (Middle Mountain) Region of Nepal.
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Sampling Design

Permanent sample plots (PSP) were used for inventory 
works. The sample plots were chosen in such a way that 
environmental variability can be incorporated into the 
growth of species. Plot sizes were chosen according to the 
guideline of Forest Research and Training Centre (FRTC) of 
Nepal and measurement was done.

Data Collection and Analysis

Total 360 nested sample plots were established to 
collect the data. The plots were established having 12.62 
m radius for tree, 5.58 m radius for pole, 2.78 m radius for 
Sapling, 1.76 m radius for seedling measurement. The DBH 
and height were measured of these tree species in the forest. 

The following formulae were used for the quantitative 
analysis. 

Volume Calculation

2d( *Height*form factor)
4( )

10000
Volume V

π

=

Whereas, V = Volume in m3 and d = diameter in cm

Above Ground Tree Biomass (AGTB)C

The equation developed by Chave, et al. [17] was used to 
calculate above ground tree biomass, 

𝐴𝐺𝑇𝐵 = 0.0509 ∗ ρ ∗  d2 ∗ H

Where, AGTB =  above ground tree biomass (kg), ρ =  wood 
density of the species (gm/cm3)
d= diameter (cm) and H= tree height (m) 
 

Carbon Calculation

Again, the total biomass stock was converted into carbon 
stocks using conversion factor 0.47.

𝐶𝑎𝑟𝑏𝑜𝑛 (𝐶) =  0.47 ∗  𝑡𝑜𝑡𝑎𝑙 𝑏𝑖𝑜𝑚𝑎𝑠𝑠

Collected data was analyzed using Pearson correlation 
to show the relation of different characteristics of tree and 
these equations were examined using ANOVA and t-test. 

Results 

Descriptive Statistics of Different Parameters of 
Castanopsis Indica and Schima wallichii

The descriptive statistics includes mean, standard 
error, standard deviation, minimum and maximum value of 
diameter, carbon, height, and crown diameter of Castanopsis 
Indica. The mean and standard error (SE) value of DBH was 
28.65±1.25 cm, standard error was 1.25, standard deviation 
19.682, minimum value was 5.2 and maximum value was 
161.5. Similar values were estimated for height, crown 
diameter, volume and carbon of Schima wallichii. The mean 
and standard error value of DBH was 22±0.96 cm, standard 
error was 0.96, standard deviation 10.254, minimum value 
was 5.5 and maximum value was 54.3. Similar values were 
estimated for height, crown diameter, volume and carbon 
(Table 1).

Statistics Mean ± SE Standard Deviation Minimum Value Maximum Value
Castonopsis indica

DBH 28.65±1.25 19.682 5.2 161.5
Height 13.13±0.32 5.018 3.9 32.8

Crown diameter 4±0.143 2.252 1.4 15
Volume 1±0.187 2.94 0 32.96
Carbon 1464.83±259.56 4056.74 9.45 45472.1

Schima wallichii
DBH cm 22±0.96 10.25 5.5 54.3
Height m 12±0.40 4.29 3 25

Crown diameter 9.5±0.58 6.19 1 20.5
Volume 0.3±0.04 0.47 0 2.5
Carbon 509±60 653.15 6.45 3576.57

Table 1: Descriptive statistics of characteristics of Castonopsis indica and Schima wallichii.
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Correlation Between DBH and Height of 
Castanospsis Indica as Well as Schima wallichii

The result showed that there was positive and strong 
correlation between DBH and height of Castonospsis Indica. 
The equation was Y=7.1075ln(X)-9.4467 whereas, Y is the 
height of the tree and X is diameter at breast height. The 
estimated R-square value was 0.7117 (Figure 2). Similar 
correlation was found between DBH and height of Schima 
wallichii. The equation was Y=7.9982ln(X)-11.277 whereas, 
Y is the height of the tree and X is diameter at breast height. 
The estimated R-square value was 0.811 (Figure 3). 

Figure 2: Correlation between DBH & ht of Castonospsis 
Indica.

Figure 3: Correlation between DBH & ht of Castonospsis 
Indica.

Statistically, ANOVA showed that there was significant 
relation between DBH and height. In addition, t-test also 
showed that intercept and x-variable of the equation was 
significant since P-value was less than 0.05 in both tests.

Correlation Between DBH and Crown Diameter 
of Castanopsis Indica as Well as Schima wallichii

The correlation between DBH and crown diameter of 
Castanopsis indica was also strong and positive. The derived 
equation was Y=3.4335ln(X)-6.8637 whereas Y is the crown 
diameter of the tree and X is diameter at breast height. The 
estimated R-square value was 0.8241 (Figure 4). This result 
was also same to show correlation between DBH and crown 
diameter of Schima wallichii but the equation was different, 
i.e. Y=11.803ln(X)-25.663 whereas, Y is the crown diameter 
of tree and X is diameter at breast height. The estimated 
R-square value was 0.8462 (Figure 5).

Figure 4: Correlation between DBH and crown diameter of 
Castonopsis indica.

Figure 5: Correlation between DBH and crown diameter 
of Schima wallichii.

The equation and its intercept and x-variable were 
significant at 95% confidence level, as the p-value of ANOVA 
and t-test showed less than 0.05.

Correlation between DBH and Volume of 
Castanopsis Indica and Schima wallichii

It was positive and strong correlation between 
DBH and volume of Castanopsis Indica. The equation 
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was Y=0.1304ln(X)-2.6737 whereas, Y is the volume of 
Castanopsis Indica and X is the diameter at breast height. The 
estimated R-square value was 0.7614 (Figure 6).

Figure 6: Correlation between DBH and volume of 
Castonopsis indica.

Similar correlation was found between DBH and volume 
of Schima wallichii. The equation was Y=0.0424ln (X)-0.566 
whereas, Y is the volume of Schima wallichii and X is the 
diameter at breast height. The estimated R square value 
was 0.8419 (Figure 7). ANOVA and t-test showed that the 
equation showing correlation between DBH and volume 
of Castonopsisi Indica and Schima wallichii was significant, 
the intercept as well as x-variable was also significant since 
p-values of these tests were less than 0.05.

Figure 7: Correlation between DBH and volume of Schima 
wallichii.

Correlation between DBH and Carbon Stock of 
Castonopsis indica and Schima wallichii

The correlation between DBH and carbon stock of 
Castanopsis Indica was also positive and strong. The equation 
was Y=179.85ln(X)-3688.6 whereas, Y is the carbon stock of 
Castanopsis Indica and X is the diameter at breast height. 
The estimated R-square value was 0.7614 (Figure 8). Similar 
correlation was found between DBH and carbon stock of 
Schima wallichii. The equation was Y=58.445ln(X)-780.91 
whereas, Y is the carbon stock of Schima wallichii and X is 
the diameter at breast height. The estimated R-square value 
was 0.8419.

Figure 8: Correlation between DBH and carbon of 
Castonopsis indica.

Figure 9: Correlation between DBH and carbon of Schima 
wallichii.
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The p-value of ANOVA and t-test analysis showed that 
the carbon estimation equations of Castonopsisi Indica and 
Schima wallichii was significant, the intercept as well as 
x-variable was also significant since p-values of these tests 
was less than 0.05 (Figure 9).

Discussion 

There was positive and strong correlation between 
DBH and height of Castonospsis Indica and Schima Wallichi 
[18-20]. This research also showed an excellent relationship 
between DBH and tree height. Several authors support this 
concept and many authors showed this relation. The findings 
of this research showed that, as the diameter increases the 
height also increase but at a certain point height growth is 
constant. This concept is also supported by West and West 
(2009), West (2015).

The most common use variables are diameter at breast 
height, height, form factors and site quality. To determine the 
volume, crown diameter and carbon. This model is based 
on diameter at breast height. The height, crown diameter, 
volume and carbon models were developed with respect 
to DBH. Similar variables are used to determine the height, 
crown diameter, volume and carbon. 

The correlation between tree characteristics like height, 
volume and carbon stock and DBH was affected due to several 
factors [2 1-2 3]. Overall, fire was the most prominent cause in 
all community forests followed by litter. In fact, intentional 
fire was general cause of the forests carbon loss. The report 
of DFRS [16] also showed that grazing as the most disturbing 
factor in carbon stock. The report published on drivers of 
deforestation and forest degradation showed illegal logging, 
grazing and fire were the main drivers of carbon loss [2 4-2 7].

Conclusion and Recommendation 

The correlation between diameter and other parameter 
like height, volume, crown diameter and carbon stock was 
strong and positive. The ANOVA and t-test showed that the 
correlation between diameter and other parameter was 
significant. These equations can be used to assess the height, 
volume, crown diameter and carbon stock only measuring 
single parameter i.e. diameter at breast height. Similarly, 
these equations will be useful to derive other equation at 
local level as well. The research should be carried out to 
show the relation between DBH and other parameters as 
well as how these relations response to factors likes aspect, 
altitude and soil. 
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