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ABSTRACT

Forest management hitherto focussed attention on increasing the woody biomass and conserve biodiversity. However, 
in the light of climate change and the international negotiations the forest management needs to be reoriented to 
enhance the carbon stocks of the ecosystem and also conserve the biodiversity. The inter-relationship of the carbon 
stock in different pools, their changes with respect to different management treatments under different climate 
conditions throws open a vast field for research to understand carbon dynamics of the forest ecosystem. Preliminary 
analysis of the total carbon stock per hectare of different forest types in different canopy densities indicate that the 
carbon stock change is different for different forest type. The study of this may have practical forest management 
significance which is indicated here.   
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Introduction Under the REDD+ regime, therefore, the job of forest 
manager becomes a delicate balancing act and he/she Forests play an important role in mitigating the 
will have to be better equipped with the knowledge of adverse effects of climate change by absorbing carbon 
carbon stocks, the changes under different silvicultural dioxide from atmosphere. Deforestation and 
systems and treatments. degradation, however, release carbon dioxide increasing 

its concentration in atmosphere. It is, therefore, the Limitations in measurements of tropical forests
responsibility of all stake holders of forestry systems to About two thirds of world forest resources are in 
prevent deforestation, and degradation and maximise the tropical regions. These tropical forests are 
carbon sequestration to mitigate the effects of climate characterised by the presence of a large number of 
change through various management options available.  species on every unit of forest area. Different species 
Knowledge of carbon stocks and their changes over time grow at different rates, attain different dimensions and 
will, therefore, be one of the important forest generally have different wood densities. In the absence 
management requirements under the climate change of rings in most of the species not age but the distribution 
paradigm. Although wood / biomass oriented forest of different species in different diameter classes is 
management is over a century old its association with important. The management of such forests becomes a 
carbon per se is of very recent origin. Many dimensions of highly skilled job if we want to retain the original crop 
carbon sequestration by different forest types under composition which the nature produced. This is because 
different silvicultural systems and management regimes management practices generally tend to favour or 
are yet to be studied. These studies become important disfavour one or the other species unless the 
under REDD+ programs where not only carbon stocks are management prescriptions are in tune with nature on 
to be enhanced but the biodiversity conservation also is every site. The growth, increment and the potential 
to be taken care of. productivity of these forests have not been studied 

adequately probably because of the complex nature of REDD+ requirements in International negotiations
the problem and long time required to reach any 

The five finally agreed terms of international 
meaningful results.  

negotiations on climate change with respect to forestry 
The carbon stock measurements in Indiaare reduction of deforestation and degradation, 

sustainable forest management, conservation and In India FSI has been carrying out National Forest 
enhancement of carbon stocks (UNFCCC/CP/2010). Inventory since 2002. The basic objective has been to 
‘Conservation’ in this context means the conservation of collect the quantitative information of the forest 
carbon stocks and also of the biodiversity essential for resources of the country. Two 0.1 ha plots are laid out in a 
the livelihood of the local dependent communities. grid of 2.5’X2.5’. Growing stock information by species is 

compiled for which volumetric equations of different Carbon stock changes and the forest types 
species in different regions have been evolved through A few observations on the carbon stocks of five 
the data collected during the inventory. For getting the forest types occupying large extent of the area, under 
carbon stock data of dead wood and leaf litter additional three crop canopy densities based on the data given in FSI 
studies on assessing these were undertaken. For report are presented in Table 1. 
assessing the soil organic carbon, soil samples were 

Following inferences are drawn from the above 
collected and analysed in the laboratories. For the 

data and graph (Fig. 1).
underground biomass default values as recommended 

1. The slopes of the lines depicting carbon stock by IPCC were used. It is, however, felt that adopting 
change with canopy density are different for default values for below ground biomass may be 
different forest types. The above lines show the replaced by actual values for different forest types by 
change in the total of five carbon pools with undertaking special studies in the next cycle of carbon 
canopy density, the above ground biomass being stock assessment even if these studies are destructive in 
one of them.   It can be seen that the Tropical dry nature. The detailed methodology is given in the FSI 
deciduous forests gain most in terms of carbon report (FSI, 2013).
stock when the canopy density increases from 

The data of sample plots falling in different forest 
open to moderately dense category while the gain 

types was analysed separately for the three forest 
in carbon is minimum when in the same forest 

canopy density classes (very dense forest-canopy density 
type the canopy density changes from moderately 

more than 0.7; moderately dense forest –canopy density dense to very dense category. However, in case of 
0.4-0.7; and open forest- canopy density 0.1 -0.4) for subtropical pine forest and semi evergreen forests 
compiling the carbon stock information. of western ghats the carbon stock builds up slowly 

A forest type represents a definite crop as the canopy increases from open to moderately 
composition within a range of environmental dense forest category  but its growth is more when 

the canopy density increases from moderately parameters. Reporting the carbon stock information for 
dense to very dense category. These differences various forest types and canopy density classes, thus, has 
become important in deciding the restocking a better ecological sense than reporting the same by 
priorities of different forest types for immediate manmade district boundaries.          
gain of carbon. The increase in carbon stock as the The figures reported in FSI report seem to have an 
canopy density increases from open to moderately 

important bearing on the management of forest 
dense forest for the five forest types is given in the 

ecosystems. They also imply that a variety of research 
first row of the table 2. The increase in carbon 

activities are needed to better understand carbon 
stock as the canopy increases from moderately 

sequestration by different pools under different soil, 
dense to very dense category is given in the second 

moisture, temperature and treatment conditions.  row of the Table 2.

Preliminary analysis of the total carbon stock per hectare of different forest types in different canopy 
densities indicate that the carbon stock change is different for different forest type.

Table 1 : Total carbon in tons per hectare for five forest types by three canopy densities in India

Canopy density Mid-point of canopy 
density class 

Tropical semi- 
evergreen 

Tropical moist 
deciduous 

Tropical dry 
deciduous 

Montane and 
tmoist emperate 

Subtropical 
pine 

Very dense                   
0.7+   (VDF) 

0.85 181.50 124.99 151.41 176.46 156.86 

Moderately dense 
0.4-0.7  (MDF) 

0.55 117.73 95.39 136.26 139.75 104.53 

Open forest  
0.1-0.4  (OF) 

0.25 75.32 65.25 48.30 88.86 77.61 

Table 2 : Carbon stock change with canopy density for different forest types

 

Change in canopy density Tropical 
semi- 

evergreen 

Tropical 
moist 

deciduous 

Tropical dry 
deciduous 

Montane & 
moist temperate 

Subtropical 
pine 

Open to moderately dense forest 42.41 (5) 30.14 (7) 87.96 (1) 50.89 (4) 26.92 (9) 
Moderately dense to very dense forest 63.77 (2) 29.6 (8) 15.15 (10) 36.71 (6) 52.33 (3) 
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Restocking of open category of tropical dry dense to very dense as in case of semi ever green 
deciduous forests is more important, for gain in forest may be due to  interaction of soil moisture 
carbon stock than restocking of open moist and reduced soil temperature at higher canopy 
deciduous forests. These two forest types density. 
comprise about 42 and 19 per cent, respectively, 3. It may be noted that the above curves are drawn 
of the total forest area of the country. with canopy density on x axis and carbon stock on y 

2. The difference in the growth of carbon stock of axis.  The time taken to reach different canopy 
different forest types with canopy density may densities may be different for different forest 
probably be due to, besides the different rates of types (species composition) and cannot be read 
growth of Above Ground Biomass of these forest from these graphs. And to that extent the 
types, drop in soil temperature which seems more restocking priorities suggested above will undergo 
pronounced in dry forests than in others. The rapid changes. Separate study may be required to do 
increase in carbon stock in going from moderately this.  

Fig. 1 : Carbon stock change with canopy density for five forest types in India (C stock in tons per ha on y axis and canopy density on x axis)
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The soil carbon content in all the forest types is 
substantial compared to the general perception of 
foresters. It is 40-70 per cent of the total carbon content 
and is as high as the carbon content of the above ground 
biomass. Within the same forest type the percentage of 
the soil carbon is more in the lower canopy density. This 
probably is because of the fact that the soil carbon 
changes are much slower compared to canopy density 
changes. The carbon stock changes more rapidly initially 
with canopy density in tropical dry deciduous forests 
than in the temperate forests but slows down after the 
crown closure. 

It can be seen that soil carbon changes are slower 
than those of AGB. “Soils in equilibrium with a natural 

Fig. 3 : Changes in soil carbon, carbon in AGB and the total carbon with canopy density 

Fig. 2 
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forest ecosystem have high carbon density......Fire, be monitored periodically at the time of every revision of 
natural or managed, is an important perturbation that the management plan. The FSI carbon stock data is good 

for estimation of the stock at national level. For more can affect soil carbon stock for a long period after the 
precise carbon stock information at the forest division event’’(Lal, 2005)     
level higher intensity of sampling may be required. The changes in soil carbon, carbon in AGB and the 
Within the same forest type there may be lot of variation total carbon with respect to canopy density of two forest 
in the carbon stocking depending upon the site quality types are shown in Fig. 3.  
and other locality factors at different locations. ‘’The 

Soil carbon content of temperate moist forest is carbon storage capacity of the stable pool can be 
always more than the AGB carbon. increased by increasing the productivity of the forest 

It seems that the temperature plays important role thereby increasing the Carbon input to the soil’’ (Jandi et 
in carbon loss of a forest. al., 2007).  

Forest Management plans and the carbon stocks In their submission to UNFCCC, Government of 
India has accepted that by 2017 the sub national level Given the present climate-change scenario it 
carbon stock information at State and District level will appears certain that future forest management plans 
have + 20% accuracy. This commitment calls for greater may require better understanding of carbon changes 
effort on capacity building of the state forestry personnel with different management treatments on the part of 
in updating their knowledge and skills with regard to forest manager. The carbon stock of compartments, the 
carbon stock assessment and efforts to reorient smallest unit of management generally having uniform 
management perspective.   crop composition, and that of working circles will have to 

Table 3 : Carbon stock changes in AGB and SOM in two forest types 

 

Canopy 
Density 
of crop 

Tropical dry 
deciduous 

 

(A) 

AGB 
t /ha 

 

(A) 

% of 
AGB to 
total 

(A) 

SOM 
 
 

(A) 

SOM % 
to total 

 

(A) 

Montane and 
moist 

temperate 

(B) 

AGB  
t /ha 

 

(B) 

% of 
AGB to 
total 

(B) 

SOM 
 
 

(B) 

SOM % 
to total 

 

(B) 
VDF 151.41 61.93 40.9 58.83 38.8 176.46 64.1 36.3 91.61 51.9 
MDF 136.26 59.16 43.4 53.12 39.0 139.75 50.58 36.2 73.6 52.7 
OF 48.30 12.82 26.5 29.91 61.9 88.86 24.8 27.9 55.66 62.6 

Hkkjr esa ou dkcZu LVkWd] LVkWd ifjorZu vkSj ou izca/ esa tfVrk,a 

vkj-Mh- tdkrh

lkjka'k

ou izca/u esa vc rd dk"Bh; tSoek=kk c<+kus vkSj tSofofo/rk laj{k.k djus ij è;ku dsfUnzr fd;k x;k gSA rFkkfi] tyok;q ifjorZu vkSj 

vUrjkZ"Vªh; le>kSrksa dks è;ku esa j[krs gq, ikfjra=k ds dkcZu LVkWdksa dks c<+kus ds fy, vkSj tSofofo/rk laj{k.k ds fy, Hkh ou izca/ dk iquj 

fu/kZj.k djus dh vko';drk gSA fofHkUu tyok;q voLFkkvksa ds rgr fofHkUu izca/ mipkjksa ds laca/ esa fofHkUu iwyksa esa dkcZu LVkWd ds 

vUr%laca/ vkSj muds ifjorZu ou ikfjra=k dh dkcZu xfrdh dks le>us ds fy, vuqla/ku gsrq ,d fo'kky {ks=k miyC/ djkrs gSaA fofHkUu forku 

?kuRoksa esa fofHkUu ou fdLeksa ds izfr gSDVs;j dqy dkcZu LVkWd ds izkjafHkd fo'ys"k.k n'kkZrs gSa fd dkcZu LVkWd ifjorZu vyx&vyx ou fdLe ds 

fy, vyx&vyx gSaA  bldk vè;;u O;kogkfjd ou izca/ egRo dk gks ldrk gS] ftls ;gk¡ n'kkZ;k x;k gSA  
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ABSTRACT

Volume equations are critical starting points to make forest management successful and efficient. Allometric equations 
for predicting total and merchantable volume play a critical and obvious role in the management of any silvicultural 
system. The importance of volume equations is indicated by the existence of numerous such equations and the 
constant search for their improvement. The objective of any volume equation is to provide accurate estimates with 
acceptable levels of local bias over the entire diameter range in the data. Equations that provide accurate predictions of 
volume without local bias over the entire range of diameter are one of the basic building blocks of a forest growth and 
yield simulation system.

In this article, volume equations for Eucalyptus camaldulensis, Dalbergia sissoo and Tecomella undulata 
planted in Indira Gandhi Nahar Pariyojana (IGNP) area of Arid Rajasthan and Acacia nilotica and Eucalyptus hybrid 
stands in Gujarat state in India are presented. Apart from this, biomass equations for Azadirechta india planted in 
Gujarat are also reported. The biomass equations for each component were derived independently. The component 
predictions are not additive which implies that the predicted weight of stem plus branches may not be equal to the sum 
of the predicted values of stem and branch. The volume and biomass equations are extremely useful in estimating 
above-ground carbon stock in these species and in preparation of carbon tables.

Linear and non-linear equations were used to model the relationship of total volume and/or biomass with dbh, 
and with dbh and total height of the trees, and were compared on the basis of fit and validation statistics. An equation 
that fits very well to a data set may not necessarily be the best when applied to another data set collected from the 
same population. The contrasting results, obtained between model fitting and validation, emphasize the need for 
model validation as an important step in the model construction process.

Key words: Volume and biomass equation, Linear and non-linear functions, Model evaluation, Rajasthan, Gujarat.

Volume equations play an important role in forest Management. Also, volume and biomass equations 
are extremely useful in estimating above-ground carbon stock and preparation of carbon tables.

Introduction successful and efficient. Allometric equations for 
predicting wood volume play a critical and obvious role in Forest mensuration is one of the most 
the management of any silvicultural system, and their fundamental disciplines within forest- and related 
absence would represent an impediment to developing sciences. It deals with the measurement of trees and 
and implementing management plans geared towards stands and the analysis of the resultant information. 
the harvest and utilization of wood products. The aim of During the early days of sustained forest management, 
any volume equation is to provide accurate estimates simple measurement and estimation methods and 
with acceptable levels of local bias over the entire range analysis of inventory and research data were available. 
of tree size in the data. The accurate prediction of The middle of last century, however, witnessed a 
intermediate and final harvests in the construction of worldwide increase in the need for more quantitative 
yield tables depends on the accuracy of individual-tree information about trees and stands. Development of 
volume equations (Perez and Kanninen, 2003; Bi and sound management practices is one of the major 
Hamilton, 1998). Although volume is the accepted priorities of the forestry sector. Accurate predictions of 
parameter for measuring forest growth, there are stand yield are needed for determining sustainable 
advantages of a weight based approach. The value of harvests.
wood for fuel-wood, pulp and paper and many other uses 

Volume equations play a crucial role in forest 
is much more closely related to the weight (biomass) 

management. Accurate estimates of tree volume are 
rather than the volume (Spurr, 1952). The role of 

fundamental for forest ecosystem modelling and 
validation in examining the predictive ability of a model 

regional carbon accounting. Volume equations are 
before its application has been stressed by various 

critical starting points if forest management is to be 
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