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ABSTRACT 

Mathematical biomass functions were developed for Cassia fistula L. trees raised inside a district park of 

East Delhi. Thirty (30) trees were randomly and independently recorded from 0.4 ha land. The Diameter 

at Breast Height (over bark) of the trees selected varied between 3.8– 30.5 cm. It was assured that trees 

were selected randomly covering entire DBH range in the given area. The biomass was measured by non- 

destructive method. The correlation between Volume Vs Basal Area, Volume Vs Diameter, Total 

Biomass Vs Basal Area and Height Vs Diameter was found to be significant. Multiple linear regression 

biomass functions were developed using different allometric models and model of “best fit” was selected. 

The equation y = 0.7837x – 0.0004 came out to be the best model with R2 and sb values of 0.9999 and 

0.0020 respectively. The actual biomass yield came out to be 9.6582 Ton whereas the biomass yield 

predicted from the linear regression equation was calculated as 9.6575 Ton. Carbon stored in 30 C. fistula 

trees was 4.8291 and 4.8288 Tons respectively in both cases. Both Diameter and Height parameters had 

significant effect on CO2 sequestration though correlation between Carbon Sequestration Vs DBH was 

much high (R2 = 0.9593) in comparison to Carbon Sequestration Vs Total Height (R2 = 0.6896). 
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INTRODUCTION  

With the inclusion of Afforestation-Reforestation as a part of Clean Development Mechanism, world’s 

forestry has taken a major shift and it has been treated as a conservation model rather than a commercial 

entity. In this context evaluating ecosystem services and assessing ecosystem dynamics taking humans at 

the centre stage is gradually gaining importance. 

Global Warming and Climate Change eventually seems to be the most dreaded man-made threat which is 

affecting our planet globally and stabilizing Greenhouse Gases (GHGs) is the only solution to the 

problem. Carbon emissions seem to be in bulk hence focusing on carbon mitigation through different 

mechanisms and management practices is the need of the hour. Carbon mitigation by forests is one of the 

most effective ways of stabilizing atmospheric CO2 concentrations. 

With the set up of Inter Governmental Panel on Climate Change (IPCC), United Nations Framework on 

Climate Change (UNFCCC) and the gradual implementation of the Kyoto Protocol (KP) carbon has 

become a tradable commodity.  

The forest sector has equally rouse to the occasion and developed various methods/techniques to quantify 

carbon in trees and in forests. Regression and Correlation is an important biostatistical tool which 

establishes a relationship between different tree parameters called as variables. Biomass is an important 

component to quantify carbon inside a tree.  

Thus, developing biomass regression equations for different tree species in different localities and 

environmental conditions has become a matter of prime importance.  

Initially, destructive methods were applied to quantify tree biomass in which the entire tree was felled and 

parts segregated to get the dry biomass. But, now a day, there is a growing trend to develop mathematical 

biomass equations without felling or harming the tree. As trees take several years to grow it is not wise to 

cut them. In non- destructive methods measurable parameters (DBH and H) of the tree are taken into 

consideration and mathematical functions are developed using independent and dependent variables. 

Studies shows that the method is non- destructive, accurate, requires less time and labor and also can be 

managed and monitored easily. 
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Moderate to dense tree vegetation is a life line for Delhi and helps in achieving sustainable development 

goals. Such trees grow in green patches which provide a number of ecosystem services to the urban 

society including carbon storage and sequestration. As trees unknowingly performs a remarkable service 

of carbon mitigation through photosynthesis hence urban forests should be managed taking into 

consideration short/long term carbon sequestration potential of individual tree species (Tripathi et al., 

2015). 

In the process of developing local regression biomass equations for individual trees, Cassia fistula 

(Amaltas) tree was selected. As the tree is cosmopolitan across Delhi/NCR, fast growing, possess high 

wood density and forms an integral component of Delhi urban forest ecosystem hence a need was felt to 

develop local biomass regression equations for the tree species under a given set of environmental 

conditions.  

Thus in the present investigation biomass functions for C. fistula trees were developed keeping into 

consideration the habitat and environmental conditions does not very much. Linear regression biomass 

functions were developed using measurable parameters like DBH (over bark) and Total Height. Various 

regression models were tested to predict the final results. Moreover, general factors affecting carbon 

sequestration and dynamics were also explored and are discussed below. 

 

MATERIALS AND METHODS 

Study Site  

Delhi is located at 28°37’N 77°14’E/ 28.61°N 77.23°E and lies in north India. The city has a humid sub 

tropical climate. Temperature ranges from 5-40°C, annual mean temperature is 25°C. Delhi receives an 

annual rainfall ranging between 600-800 mm. The soil in this part of the city is mostly fertile and alluvial 

in nature. Vegetation of Delhi is thorny scrub which is peculiar to arid and semi-arid region. 

Volume and Biomass Estimation  

C. fistula was identified for estimation of volume and subsequently aboveground biomass. Trees of 

different diameter were selected for measurement of C fistula plantations raised inside a district park of 

East Delhi. The diameter covering a range of 3.8- 30.5 cm were taken into account. For statistical 

accuracy, at least 30 minimum trees are required for constructing volume or biomass equations 

(MacDicken, 1997). Same principles were applied in this case also. 30 trees of C. fistula were selected 

randomly from District Park of all available ages and representing different diameters and heights. The 

DBH and H were measured without felling the tree. Initially, GBH was measured which was later 

converted to corresponding DBH values. GBH of trees was measured directly by measuring tape. Height 

of the trees was measured by pole method. 

Individual tree volumes (m3) were calculated using the equation V = πr2H where both r and H in meters 

and respective volumes were multiplied by wood density (790 Kg/m3) to get the actual aboveground 

biomass (Kg). The aboveground biomass was multiplied by a conversion factor of 0.26 to get the 

belowground biomass. Total biomass (Kg) was calculated adding above and below ground biomass. The 

actual total biomass was converted to Tons for statistical analysis. Now different linear regression models 

were used to establish a relationship between biomass as a function of D and H. Values of a, b and other 

statistical parameters were calculated for each model using the actual biomass data. The results are 

tabulated and discussed in the next section. On the basis of maximum correlation coefficient (R2) and 

minimum standard deviation of b i.e. regression coefficient (sb), the "best fit" model was selected. 

The actual biomass data of 30 C. fistula trees was tabulated and compared with the biomass data predicted 

from the regression equation.  

 

RESULTS AND DISCUSSION 

Biomass Functions 

The DBH, Total Height, Volume and Total Biomass of 30 C. fistula trees were actually measured to 

construct the biomass equations. The linear correlation between Volume Vs BA, Volume Vs D and Total 

Biomass Vs Basal Area among 30 trees taken for actual measurement was found to be significant with 
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value of R2 0.9878, 0.9593 and 0.9878 respectively as depicted in figure 1, 2 and 3. The value of R2 is 

close to +1 which indicates that the better the line fits the data.  

  

  
Figure 1: Correlation between Volume (m3) Vs 

Basal Area (m2) 

Figure 2: Correlation between Volume (m3) Vs 

Diameter (over bark)  

 

Table 1: Field data (D and H) of 30 C. fistula trees collected from the site and conversion of Volume 

to Total Biomass (Actual Biomass) 

Tree 

No 

D (m) H (m) BA (m2) V (m3) TB (Kg) TB (Ton) 

1 0.0382 1.8 0.00115 0.0021 2.142 0.0021 

2 0.0457 2.3 0.0016 0.0038 3.78 0.00378 

3 0.051 2 0.002 0.0041 4.032 0.00403 

4 0.0595 3.4 0.0028 0.0095 9.45 0.00945 

5 0.0605 3.8 0.0029 0.010919 10.836 0.0108 

6 0.0775 5.4 0.0047 0.025461 25.326 0.0253 

7 0.0799 6.1 0.005 0.03057 30.492 0.0305 

8 0.0858 5.5 0.0058 0.031784 31.626 0.0316 

9 0.0889 5.2 0.0062 0.03226 32.13 0.0321 

10 0.1005 6 0.00793 0.04757 47.376 0.0474 

11 0.1115 7.9 0.009759 0.077099 76.734 0.0767 

12 0.1306 7.9 0.013389 0.105775 105.336 0.1053 

13 0.1401 8 0.01541 0.123264 122.724 0.1227 

14 0.1783 9.9 0.02496 0.24706 245.952 0.246 

15 0.1943 9.5 0.029636 0.28154 280.224 0.2802 

16 0.207 9.7 0.03364 0.32627 324.828 0.3248 

17 0.2229 10.4 0.039 0.40562 403.704 0.4037 

18 0.2425 9.9 0.04616 0.45701 454.86 0.4549 

19 0.248 10.7 0.048281 0.516603 514.206 0.5142 

20 0.25 9.5 0.049063 0.466094 463.932 0.4639 

21 0.25 10.8 0.049063 0.52988 527.436 0.5274 

22 0.256 10 0.051446 0.514458 512.064 0.5121 

23 0.27 10.5 0.05723 0.600878 598.122 0.5981 

24 0.285 8.9 0.063762 0.567479 564.858 0.5649 

25 0.293 9.8 0.067392 0.660436 657.468 0.6575 

26 0.295 11.2 0.068315 0.765124 761.67 0.7617 

27 0.3 10.8 0.07207 0.778357 774.774 0.7748 

28 0.305 10.3 0.073025 0.752154 748.692 0.7487 

29 0.305 9.5 0.073025 0.693738 690.606 0.6906 

30 0.3 9 0.07065 0.63585 632.898 0.6329 
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Figure 3: Correlation between Total Biomass 

(Tons) Vs Basal area (m2) 

Figure 4: Correlation between Height (m) Vs 

Diameter at Breast Height (over bark) 

 

The actual data was used to construct biomass functions. Different linear regression models were applied 

taking DBH and total tree height as independent variable and biomass as dependent variable. On the basis 

of maximum correlation coefficient (R2) and minimum sb, the best fit model was selected. Multiple 

regression equations were tried to work out the relationship between the DBH (over bark) and total height 

with the biomass. Some standard forms of biomass prediction linear regression equations were applied as 

follows: 

 

Table 2: Linear Regression Models tested to predict the biomass of 30 C. fistula trees.  

 No. Linear Regression Model used Equation obtained 

1 In y = a + b D y = 18.193x – 5.3822 

2 y = a + b D2 y = 8.1344x – 0.0214 

3 y = a + b D2H y = 0.7837x – 0.0004 

4 In y = a + b D2H y = 4.541x – 3.9319 

  

On the basis of maximum correlation coefficient and minimum sb, the best model selected was: 

y = a + b D2H 

Where y = Total Biomass (Ton)  

D = Diameter at Breast Height (m) and  

H = Total Tree Height (m) 

 

Table 3: Other Statistical parameters 

sb R R2 Adjusted R2 F value  

1.1400 0.9495 0.9015 0.8980 0.0125 

0.1371 0.9935 0.9871 0.9866 0.00053 

0.0020 0.9999 0.9999 0.9999 0.000081 

0.4545 0.8837 0.7810 0.7732 0.0187 

* F: Furnival index 

The general biomass table was prepared by using the best fit regression equation on the actual growth 

data. The actual biomass yield came out to be 9.6582 Ton whereas the biomass yield obtained from the 

linear regression equation was calculated as 9.6575 Ton. Carbon stored in 30 C. fistula trees was 4.8291 

and 4.8288 Tons respectively in both cases.  

 

Table 4: ANOVA table for the regression analysis using the model, In y = a + b D 

Source df SS MS Computed F 

Regression 1 88.775 88.775 256.131 

Residual 28 9.705 0.3466  

* F: Variance ratio 
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Table 5: ANOVA table for the regression analysis using the model, y = a + b D2  

Source df SS MS Computed F 

Regression 1 2.273 2.273 3551.56 

Residual 28 0.018 0.00064  

 

Table 6: ANOVA table for the regression analysis using the model, y = a + b D2H 

Source df SS MS Computed F 

Regression 1 2.2906 2.2906 160181 

Residual 28 0.0004 0.0000143  

 

Table 7: ANOVA table for the regression analysis using the model, In y = a + b D2H 

Source df SS MS Computed F 

Regression 1 76.90598 76.90598 99.8364 

Residual 28 21.5689 0.77032  

  

   
Figure 5: Correlation between Carbon 

Sequestration (Kg) Vs Diameter (cm) 

Figure 6: Correlation between Carbon 

sequestration (Kg) Vs Total Height (m) 

 

Biomass Functions 

Biomass equations are used to estimate the weights of the tree based on DBH and Height of the trees in 

the sample area. Biomass equations are available only for some dominant commercial tree species. The 

equations which are available are often only species specific and also location specific. Neither biomass 

equations developed using mature trees can be used for young trees nor the equations for younger trees 

for mature trees (Chavan et al., 2012). Biomass equations are not available for most of native tree species 

in many regions. It makes desirable to develop biomass equations wherever possible to suit the local tree 

species and age of the stand trees in different study regions (Ravindranath et al., 2008).  

Allometric equations deal with the relationship between volume/biomass/basal area Vs diameter and 

height of a tree. To test the effect of height and diameter on the biomass of C. fisula different regression 

models were tested and equation based on high (R2) and low (sb) was considered best fit. C. fistula was 

selected as the tree is cosmopolitan in Delhi/NCR, fast growing, carries high wood density, native to 

Indian sub-continent, thrives well in sub tropical Delhi climate and presents a wide range of dbh and 

height classes with different aged trees in stands. The plantation of this tree is quite common and forms a 

major component of the biodiversity of this region. DBH ranging from 3.8- 30.5 cm was taken into 

account. Therefore, we can say that the developed biomass equation covers a wide range of DBH class 

thus the equation has a broader scope in application.  

Physiology of Carbon Dynamics  

The seed once germinated grows from seedling to sapling and eventually to a tree. During its entire 

growth and development cycle it accumulates or fixes carbon through a unique process called 

photosynthesis. From ecological point of view it can be stated that both DBH and tree height influences 
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carbon sequestration, and this correlation has been mathematically proved from time to time by regression 

equations as well as through our basic acquired acumen.  

As photosynthesis is a pivot around which carbon sequestration phenomenon revolves hence we can say 

that by examining the environmental factors which regulates photosynthetic activity we can up to a 

certain extent interpret about the role of such factors in carbon storage and accumulation. An insight on 

how the carbon is captured and moves inside a living cell and eventually get stored in tissues has always 

been a matter of great interest for physiologists and ecologists all across the world. When a tree grows 

and its tissues and organs develops, part of the CO2 fixed is utilized (broken down) to release energy 

through respiration. Thus, some portion of the biomass is used up to generate energy for day to day cell 

functioning and metabolism. The remaining biomass is stored in trees which is called Net Primary 

Productivity (NPP). It can be said that respiration is about 50% of the net daily assimilate production, and 

a major component of the carbon balance. 

There are a variety of complex environmental factors which influences the photosynthetic efficiency of a 

tree-system and thus has direct or indirect access to regulate carbon sequestration as well. They are: 

intensity and duration of sun light (both small and large energy flux or change in spectral characteristic 

such as increased UV-B radiation), extremes of temperature, availability of water, nutrient supply, CO2 

and O2 concentration etc (chemical composition of the environment). The water potential within a leaf has 

a powerful effect on stomata opening and closing. High temperature usually causes stomata closing, 

which might be an indirect response to water stress, or else a rise in the respiration rate might cause an 

increase in the CO2 within the leaf. Increased levels of CO2 in leaf can cause stomata to close partially. 

This in turn reduces transpiration which ultimately influences global warming and climate change.  

The nutrient supply required for the formation and smooth functioning of the photosynthetic apparatus 

includes Nitrogen (N), Phosphorus (P), Potassium (K), Magnesium (Mg) and those which damage it 

includes Na-ion in saline conditions, SO2
2- and heavy metals which may be from natural sources or 

human activities (pollution). The nutrient absorption further relies upon soil-nutrient-availability, 

efficiency of root system (coarse and fine roots), rhizosphere structure and function, and various root- 

mycorrhizal characteristic. Elaborating complex physiochemical and biochemical processes of soil-plant 

interaction is beyond the scope of this article.  

Light and temperature are two factors which need to be dealt separately and in slight detail as it regulates 

and controls both Calvin (C-3) and Glycolate (C-2) cycle commonly referred to as photorespiration. C-3 

cycle coupled with occasional C-2 cycle is the characteristic feature for all living plants. C. fistula is a 

deciduous dicotyledonous tree belonging to family Fabaceae. Under favorable conditions C-3 cycle 

operates to fix atmospheric CO2. Appropriate portion of the biomass synthesized is utilized for other 

metabolic requirements of a tree. This daily energy/carbon budget varies from individual to individual 

and under different set of environmental conditions. 

To understand the different effect of O2 on C-3 species it must be remembered that net CO2 fixation is the 

amount by which photosynthesis exceeds respiration, because respiration continuously releases CO2. 

From the previous studies it has become evident that respiration in leaves of C-3 species is often 2 or 3 

times as rapid in light as in darkness and that under field conditions it causes release of about ¼ of the 

CO2 fixed by photosynthesis. Simultaneously respiration in illuminated photosynthetic organs occurs by 

two processes: the process that occurs in all plant parts even during darkness and a much more rapid 

process known as photorespiration. The latter process is stimulated by high light and temperature levels, 

high O2 and low CO2 concentrations around ribulose-bis-phosphate carboxylase/oxygenase (rubisco 

which is first enzyme of C-3 cycle).  

Molecular O2 and CO2 compete for the same rubisco enzyme and for the same RUBP substrate which is a 

5C compound. The competition between O2 and CO2 explains the greater inhibition of photosynthesis in 

C-3 plants at low than at higher CO2 levels. The affinity of rubisco for CO2 is much greater than for O2, 

but O2 fixation in all plants can occur because the O2 concentration in leaves is much higher than that of 

CO2. Atmospheric concentration of O2 average 21% by volume and CO2 about 0.03%. Post 

developmental activites, the amount of CO2 in the air is gradually adding up due to increase in fossil fuel 



International Journal of Applied Engineering and Technology ISSN: 2277-212X (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jet.htm 

2015 Vol. 5 (4) October-December, pp.16-22/Tripathi  

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)   22 

 

burning and removal of forests and grasslands that use more CO2 in photosynthesis than they release in 

respiration. At any given time, rubisco enzyme fixes about 1/3 to 1/4 as much O2 as CO2. When 

temperature are warm, the ratio of dissolved chloroplastic O2 compared to CO2 is higher than when 

temperatures are cool, so O2 fixation by rubisco occurs faster, and photorespiration then indirectly slows 

growth. Photorespiration is light dependent because RUBP formation occurs much faster in light than in 

darkness. This is so because operation of Calvin Cycle needed to form RUBP requires ATP and NADPH, 

both light dependent products. Furthermore, light causes release of O2 from H2O directly in chloroplasts, 

so chloroplastic O2 is more abundant in light than in darkness, when it must diffuse inwardly through leaf 

surface with closed stomates. The glycolate pathway is an important way of regulating the energy and 

reductant balances of leaves. Photorespiration is an important oxidative process consuming C3 cycle 

products and energy. The biochemistry of the pathway explains that the cycle looses 4C but again 

regenerates the 3C compound, so there is a total loss of 1C in form of CO2. Thus, this cycle is useful to 

the plant as it channelizes the high intensity radiations thus preventing damage to photosynthetic 

apparatus and also recovering 75% of the carbon fixed but at the same time is harmful as it has net loss of 

25% carbon. So if the cycle goes for a longer time then it becomes harmful to plant.  

Thus we see that C-2 cycle is a natural adaptation by C-3 plants for a wide range of light intensities and 

temperature range. It can also be suggested that for smooth functioning of C-3 cycle the CO2 availability 

around rubisco should be high, as C-3 cycle cannot operate under low CO2 concentration. It can further be 

acclaimed that when sun light reaches saturation point, O2 has inhibitory effect on photosynthesis. 

According to various reports from the past it can be concluded that photosynthetic efficiency of the plant 

is almost 90% when only C-3 cycle operates but drops down to 54% when C-3 cycle is coupled with C-2 

cycle. In other words, photorespiration is a necessary evil for plants.  

Thus, we see that at physiological level there are variety of complex environmental factors which 

influences photosynthetic rate and carbon sequestration in growing trees. Such factors control growth and 

development of natural forests as well as plantations. We can also conclude that the efficiency of the 

carbon sequestration will be reduced if the tree species is nutrient, water, light and temperature limited. In 

spite of big challenges it can be predicted that advanced forest monitoring and management practices 

could play a vital role in enhancing photosynthetic efficiency and carbon sequestration potential of trees. 

With the assurance by India to cut down its GHG emissions by 33-35% from 2005 levels and carbon 

storage targets of 2.5- 3 billion tons through LULUCF activities by 2030, in near future our country 

should design forest cover enhancement program across India taking into consideration bioenergetics, 

ecological as well as physiological aspects of the planting species in order to sequester more carbon. 
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