
Analyzing Forest Carbon Accounts for Sustainable Policy Options with Special Reference to Livelihood Issues 

i 
 

Study Report  

On 

 
 

Analyzing Forest Carbon Accounts 
for Sustainable Policy Options 

with Special Reference to 
Livelihood Issues  

 

 

January, 2013 

 

 

                                    
 

 
 

  



Analyzing Forest Carbon Accounts for Sustainable Policy Options with Special Reference to Livelihood Issues 

ii 
 

Project Execution Team 
Coordinating Organisation 

 INDIAN INSTITUTE OF FOREST MANAGEMENT, BHOPAL 
  R.B.Lal, Ph.D.,PI and Ex-Director, IIFM (ravinderlal11@gmail.com) 
 Madhu Verma, Ph.D., Co-PI and Professor, Environment and 

Developmental Economics (mverma@iifm.ac.in) 
 Priyanka Batra, Consultant, TIFAC-IIASA  Project 

(pri.batra@gmail.com) 
 

Partner Organisation 
IORA ECOLOGICAL SOLUTIONS PVT. LTD, NEW DELHI 

 Swapan Mehra , CEO and Founder (swapan@ioraecologicals.com) 
 

Modelling Support 
INTERNATIONAL INSTITUTE OF APPLIED SYSTEM ANALYSIS, 
LAXENBURG, AUSTRIA 

 Anatoly Shvidenko, Ph.D., Senior Research Scholar, Ecosystems 
Services and Management (shvidenk@iiasa.ac.at)  

 Dimitry  Schepaschenko, Ph.D., Research Scholar, Ecosystems 
Services and Management (schepd@iiasa.ac.at) 

 Hannes Boettcher, Ph.D., Research Scholar, Ecosystems Services and 
Management (bottcher@iiasa.ac.at) 
 

 
Photo credits 

Madhu Verma 
Priyanka Batra 
A.V. Minj 
Hannes Boettcher 

 

Disclaimer 

The views expressed and any errors are entirely those of the authors and do not 
necessarily corroborate to policy view points of the contacted individuals, 
institutions and organizations.  

  



Analyzing Forest Carbon Accounts for Sustainable Policy Options with Special Reference to Livelihood Issues 

iii 
 

Foreword 

It gives me great pleasure to introduce the report on ‘Analyzing Forest Carbon Accounts 
for Sustainable Policy Options with Special Reference to Livelihood Issues’ prepared by the 
Indian Institute of Forest Management, Bhopal in collaboration with Forest Survey of 
India, Dehradun, International Institute of Applied System Analysis (IIASA), Laxenburg, 
Austria and Iora Ecological Services Pvt. Ltd., New Delhi, under India-IIASA programme 
of TIFAC, New Delhi. This report highlights net forest carbon sequestered in 
Chhindwara and East Sikkim districts taking into account forest carbon removals like 
fuelwood, timber and fodder by the forest dependent communities. Further, based on 
the methodology developed in collaboration with the Forest Survey of India, Dehradun 
& using extensive primary data, it attempts to understand the linkages of socio-
economic conditions of the forest dependent communities and their dependence on 
forest carbon products, such that a holistic understanding can be developed and 
requisite interventions can be undertaken to secure the livelihoods of the communities 
while keeping the forest carbon stock int+act.   

Forest play a critical role in our lives and over 200 million people, mostly poor are 
dependent on forests for meeting their subsistence and livelihood needs. Apart from 
this it is well established that forests are major carbon sinks.  India recognizes the role 
played by forests Initiatives like National Afforestation Programme (NAP), Green India 
Mission (GIM), etc. are aimed towards enhancing the forest and tree cover and thereby 
augmenting the forest ecosystem services as we pursue on the path of inclusive growth.  

This report intends to link socio-economic factors like  education level , economic level 
and livelihood opportunities available to forest dependent communities and understand 
their energy consumption and forest dependence pattern for Chhindwara district 
situated in Madhya Pradesh state and East Sikkim district of Sikkim state. It 
simultaneously brings out a cross comparison among the districts because of their 
location, policy implementation at state level, cultural and social factors that directly 
affect the forest stock. With these insights, interventions engaging the local 
communities have been put forward by the authors.  

I compliment the authors for their endeavour and extend my best wishes for this report 
& hope that the findings of the report will equip the policy makers with tools & 
techniques of forest carbon estimation in socio-economic, livelihood scenario & set up 
to incentive based instruments for conservation of carbon stock.  

Bhopal, Dated 14th January, 2013. 

                                                                                                 (A. K. Srivastava) 
Director, IIFM & ADG(FC), MOEF 
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Executive Summary 

The forestry sector in India has been undergoing considerable changes on account of 
climate variability and anthropogenic pressures in recent years. Many a times both  
cause and effect can be located within the sector but the policy response to it has been 
minimal on account of lack of understanding of the sector in holistic manner in relation 
to its services, processes and stakeholders which are so much interdependent.  The 
study titled ‘Analyzing Forest Carbon Accounts for Sustainable Policy Options with Special 
Reference to Livelihood Issues’ was undertaken with the objectives (i) to analyse existing 
forestry, land use and other policies which have bearing on livelihood from the forestry 
sector; (ii) to develop site specific India Forest Carbon Model with special reference to 
Himalayan state of Sikkim and central Indian state of Madhya Pradesh; (iii) to analyse 
the feasibility of suitable financial mechanism in the forestry scenario of India, with 
special reference to project areas and; (iv) through the findings of site specific India 
Forest Carbon Model suggest interventions for sustainable management of Forests of 
India.  

The working sites for the study were Chhindwara district in Madhya Pradesh and East 
Sikkim district of Sikkim. These sites are situated in different physiographic zones of the 
nation and hence have different forest type. It enables us to understand the variations in 
the dependence of forest communities on forests resource stock in terms of net carbon 
sequestered. Carbon stock accounting includes above ground biomass, below ground 
biomass, organic soil carbon, forest floor (dead wood, litter, herbs, climbers, shrubs) 
and bamboo. This study does not claim any precision; it is a sincere effort to establish 
linkages between the socio-economic variables like education level, livelihood 
opportunities available and economic level of the dependent communities to the 
existing forest carbon stock and the leakages in the form of fuelwood, timber and 
fodder.  The key learning’s and findings of the study are enlisted as follows:  

OUTCOME OF POLICY ANALYSIS 

The project adapted a hybrid methodology from the meta-policy and rational policy 
analysis models. Further, the execution of the model assigns values i.e. a set of criteria, 
against which performance (or consequences) of each option can be judged to the 
relating consequences, has been borrowed from the model.  
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The policy analysis  exercise was performed for both the working states of the study i.e. 
Madhya Pradesh and Sikkim. The findings reflected that the effectiveness of the selected 
policies has been scored as moderately effective for impact on livelihood promotion as 
well as conservation and enhancement of forest carbon stock in Madhya Pradesh, while 
the same has been scored as highly effective in Sikkim. 

Meta Analysis of Existing Models 

The authors carried out meta analysis of a number of existing carbon models all over 
the world. 

The meta-analysis of the models provides insight on the intensive data requirements to 
estimate the carbon stocks and flow of the forests. It was found that almost all of thses 
models dealt with productivity and changes in carbon stocks of forests. Further, most of 
the models were suited to temperate forests. While lessons from these models were 
internalised in the project, the meta-analysis confirmed that no existing model fulfilled 
the requisite objectives of the study. 

The India Forest Carbon Model 

The project developed the India forest carbon model which took into account both 
forest resource and change data as well as socio economic data in order to map 
correlation to arrive at optimal planning solutions for villages in India. 

Out Come of Site Specific Research 

CHHINDWARA DISTRICT 

The total carbon stock or available carbon for Chhindwara District is 16. 50 million t out 
of which the consumption or leakage pattern estimated in terms of carbon consumed is 
as follows: (i)  Fodder consumption range = 63-97% of total carbon consumption; (ii) 
Fuelwood consumption range = 2-36% of total carbon consumption; (iii) Bamboo 
consumption range = 0.006 - 0.03% of total carbon consumption. 

It was observed that (i) in all the divisions livelihood opportunities are very limited, 
even though education level is high or moderate; (ii) access to LPG gas is limited ; 
(iii) alternate energy sources like agricultural waste, solar etc. are not being used; 
(iv) educated households have higher electricity usage.EAST SIKKIM DISTRICT 

The total carbon stock in East Sikkim district is 5.71 million t. From the primary field 
work and data analysed from various secondary sources for East Sikkim it can be 
concluded that the (i) Fuelwood consumption increases with increase in the BPL 
population; (ii) LPG gas and fuelwood are the two major sources of energy which is 
substantiated by kerosene; (iii) drastic improvement in forest density and quality has 
been observed by the locals because of  (a) reduced fuelwood requirement; (b) 
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negligible fodder dependence on forests; (c) high awareness level (d) strong 
governance.  

The authors also developed a Spreadsheet based site specific India Forest Carbon Tool 
developed at household level based on the carbon consumed and the socio-economic 
conditions (i)  household class (economic level) ;(ii) education level; (iii)  livelihood 
options. The tools runs for three scenarios created viz. (i) Baseline Scenario;  (ii) 
Transition Scenario and ; (iii)Best Carbon Scenario. The model/tool would work at the 
household level wherein the user would select the three socio-economic conditions in 
the Baseline scenario and the Transition scenario (consisting of primary and secondary 
transitions). It would then map the change in the consumption of the carbon consumed 
from the forest and also develop a case for best carbon scenario where in the three 
conditions would self- adjust to define the highest carbon conservation. 

Further, the analysis of the policy implementation through questionnaire based survey 
from practitioners of forest and various other line departments revealed that National 
Forest Policy 1988 is revealed to be most effective policy in the sector, Land Acquisition 
Act (Amendment) 2007 has been least effective at the central level. 67% respondents 
score the existing policies to be moderately effective on promoting livelihood strategies 
at the national level. 9% respondents score the policies to be highly effective in 
conservation of forest carbon stock, 58% - moderately effective. Policy implementation 
in Madhya Pradesh state is moderately effective while they are highly effective for the 
state of Sikkim.  

Additionally, to enhance the forest carbon stock, plantation potential of the two districts 
were estimated. According to forest inventory data of FSI, 596.92 km2 for Chhindwara 
district which is 12.49% of RFA has been assessed with plantation potential which 
amounts to 2.06 million t of carbon with a value of USD 12.36 million (per unit price 
assumed to be USD6 per t Carbon). Similarly for East Sikkim 54.99 km2 has plantation 
potential which is 7.14% of RFA comprising of 0.41 million t of carbon which 
approximately values to USD 2.45 million. This builds a strong case for developing 
projects under international forest carbon mechanisms like REDD+ and A/R CDM.  

Recommendations from the Study 

The study highlights potential correlation between forest carbon stock and livelihood 
interventions in villages of India. However, it is evident that there is a need for 
repetitive time series data of both socio economic characteristics as well as forest 
resource availability in order to further develop these correlations. Further, there is a 
need to build capacity of the state forest departments to actively record and monitor 
these data sets. Forest dependent communities can be compensated for conservation of 
forest carbon resources through various international PES markets and the above data 
sets will be essential to form baselines, monitoring plans, etc. for the same. It is also 
recommended that specific impacts of policy at a village level be studied further. 



Analyzing Forest Carbon Accounts for Sustainable Policy Options with Special Reference to Livelihood Issues 

vii 
 

 

Bhopal, Dated 14th January, 2013. 

 
 

 (Madhu Verma) 
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CHAPTER -1 

Introduction to the Study 

  

   

   
 

  

KEY FEATURES 

 Objectives of the study  
 to analyse existing forestry, land use and other policies which have bearing on livelihood from 

the forestry sector;  
 to develop site specific India Forest Carbon Model with special reference to Himalayan state of 

Sikkim and central Indian state of Madhya Pradesh; 
 to analyse the feasibility of suitable financial mechanism in the forestry scenario of India, with 

special reference to project areas and; 
 through the findings of site specific India Forest Carbon Model suggest interventions for 

sustainable management of Forests of India 
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1 Introduction to the Study 
  

Contributing Authors: IIFM, Bhopal and IES, New Delhi 

1.1 Introduction to the Study  

India by size is the seventh largest nation of the world and home to nearly one sixth of 

the entire human population (India, 2010). India’s location, demographics and socio-

economic standing make it one of the key players in the emerging geo-political scenario 

of the world as well as the new order of the world’s economy.  

The Indian economy is closely tied to its natural resource base and has a very large rural 

population dependent on agriculture and forests. In spite of rapid economic progress, a 

majority of this forest dependent population lives in conditions of poverty. The Indian 

forests play vital role in harboring more than 45,000 floral and 81,000 faunal species of 

which 5150 floral and 1837 faunal species are endemic. The country has a network of 

597 Protected Areas comprising 95 National Parks, 500 Wildlife Sanctuaries 2 

conservation reserves covering 1.56 million ha area or 4.75 per cent geographical area 

of the country (WWF-India, 2010). But the rising demand for forest based products and 

resultant deforestation and encroachment has led to a severe loss of natural resources 

and destruction of habitat. A report from United Nations Development Programme 

(UNDP, 2010) on poverty notes that wild products provide 14–23% of the rural poorest 

income and in times of drought it rises to 42–57% in the drylands of India. These people 

are further affected due to the climate change which reduces the livelihood assets of the 

poor. Forests, by acting as a sink for greenhouse gases help mitigate the effects of 

climate change on forest biodiversity. Similarly, forests are a major issue in climate 

change politics due to carbon storing capacities.   

Forests are complex ecosystems that yield subsistence and income for large number of 

forest dwellers and fringe communities. Further India being signatory to Convention of 

Biodiversity (CBD) and having its own Biodiversity Action Plan permits access to bio-

resources, benefit sharing and incentives. There is weak institutional mechanisms, and 

poor access to technology. Hence, there is an obvious need to develop a robust 

adaptation strategy for the forestry sector in India. 
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India has been concerned about these threats and is acknowledging the same as an 

active participant and signatory to Kyoto protocol and similar other global agreements. 

Moreover, India is one of those countries who are setting targets for reducing emissions. 

Given India’s low economic development, curtailing emissions poses a great challenge. 

In this regard the Forestry sector in India can play a key role in climate change 

mitigation by acting as a carbon sink.  

Need for the study  

The forestry sector in India has been undergoing considerable changes on account of 

climate variability, in recent years. Many a times both cause and effect can be located 

within the sector but the policy response to it has been minimal on account of lack of 

understanding of the sector in holistic manner in relation to its services, processes and 

stakeholders which are so much interdependent. Thus there is an urgent need to build 

capacities in forest resource modelling to (i) understand the sector in totality and 

impact of changes in forestry sector specially relating to its capacity to absorbs shocks 

of climate change through its infrastructural function and resilience mechanism; (ii) its 

output function in terms of provisioning of various goods and services on local, regional 

and global economies; (iii) pressures it is subjected to. Thus the study was 

conceptualised to build capacities for forestry and land use modelling and equip the 

forest managers and researchers with appropriate response strategies that may be 

formulated for sustainable management of forest resources. 

Couple of regional studies using ecological modelling framework have demonstrated the 

impacts of climate change on these forests and biodiversity in India and also 

incorporated assessments of the current needs and dependence of forest communities 

in central India and the Western Ghats in southern India. They have also predicted a 

major shift in India's forest types due to the increased temperatures and variable rains, 

especially on tropical dry forests, moist and dry savanna such as in the Niligiri hills of 

Karnataka state.  It states that the shift may lead to large scale loss of forests and 

biodiversity, even though net primary productivity of forests may increase for a period 

before becoming unsustainable for forest communities in the long term due to forest-

loss (Chaturvedi et. al.,2010). Biodiversity is inextricably linked to climate, but these 

interactions are not straightforward and in turn, biodiversity also affects climate 
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change. Greater biodiversity increases resilience, adaptation capacity and decreases 

vulnerability of forest ecosystem. Since with biodiversity and climate change so closely 

linked, a well-built integrated response is urgently needed, which could be better 

demonstrated in modelling framework. Thus finding strategies for the adaptation and 

mitigation is a major challenge for a country like India with a large forest dependent 

community, large and fragile ecosystem and also the varied socio-economic system, 

which poses hurdles in implementing measures. The Himalayan Ecosystem, which 

houses a large share of India’s biodiversity and also most of its glacial rivers, is 

particularly vulnerable to Climate Change. Also almost the entire populace in these 

regions is dependent directly on natural resources and forest is one of the major 

livelihood resources in the region.  

Thus a need was felt to understand the carbon sequestration service rendered by the 

forest ecosystem and to introspect the extent of dependence of forest fringe 

communities with special reference to their livelihood issues. It was also felt to 

understand the forest policy of India considering the socio-economic dimension, the 

welfare implication and relevant planning and management of forest resources with 

focus on livelihood options generated from the forests.  

1.2 Objectives 

The study titled “Analyzing Forest Carbon Accounts for Sustainable Policy Options 

with Special Reference to Livelihood Issues” was formulated with well defined 

working areas of Chhindwara district in Madhya Pradesh and East district of Sikkim 

state. It has been envisioned to build an integrated site specific India Forest Carbon 

Model considering economic, social and ecological factors to establish correlation 

between livelihood and forest carbon stock from which relevant policy based 

interventions and market mechanisms would be put forward for sustainable forest 

management in India, which in long term would build resilience for climate change 

impacts.  

In this regard the specific objectives of the study were (i) to analyse existing forestry, 

land use and other policies which have bearing on livelihood from the forestry sector; 

(ii)  to develop site specific India Forest Carbon Model with special reference to 

Himalayan state of Sikkim and central Indian plain state of Madhya Pradesh; (iii) to 
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analyse the feasibility of suitable financial mechanism in the forestry scenario of India, 

with special reference to project areas and; (iv) through the findings of site specific 

India Forest Carbon Model suggest interventions for sustainable management of Forests 

of India. 

The sites chosen for the study highlight the contrast in the physiographic and 

socioeconomic fabric of the society, providing an insight to the local impacts of policy 

and management regimes on the existing forest carbon stock and livelihood options. 

The Himalayan Ecosystem, which is the youngest mountain ecosystem on earth, plays a 

key role in water supply through its glaciers and forests, climate regulation, in many 

ways sustaining life in the sub continent itself. There is a large population which also 

resides in the Himalayan states in India, dependent almost entirely on the local forests 

for their livelihood and sustenance. While the central highlands are one of the oldest 

physiographic formations in India and have distinct forest types which alter the 

livelihood pattern of the communities residing. The study endeavors to establish 

correlation between the forest carbon stock and its impact on livelihoods of forest 

dependent communities. 

1.3 Scope  

Though there are a few sectoral policies in the country for management of different 

natural resources but they lack an integrated approach. The recently implemented 

National Environment Policy (NEP), which came into being in 2006 is a step towards 

integrating such sectoral policies which needs to be further strengthened as it has a 

very strong bearing on mitigation and adaptation aspects of climate change in India. 

Furthermore policies can be evaluated for scenarios; with the possibility of having 

elements of various incentives based mechanism which normally increase effectiveness 

of policies through increased involvement of various shareholders of natural resources 

and help in better management and sustainable use of the resources.  

In terms of responses and scope, avoided deforestation could be one of the option , 

which may also be evaluated for it efficacy as the proactive means of low cost solution 

towards the problem of climate change as a protection measure than going for 

afforestation of degraded areas as a defensive tool, using socio-economic analysis.  

Further compensation and rewards for conservation of ecosystems, Reducing Emissions 
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from Deforestation and (forest) Degradation (REDD and REDD+ with carbon stock 

enhancement), Sustainable Forest Management (SFM), Afforestation and Reforestation 

(A/R) - are few such means / instruments of achieving desired objectives, which may be 

considered in the study. After evaluation, the positive findings of such instruments may 

help in their inclusion in future policies and bring forward an entry into the already 

existing international financing mechanisms and how other payment for ecosystem 

services regimes can be utilized for enhanced livelihood opportunities.  

In Himalayan Context: With specific reference to the Himalayan forests and 

specifically Eastern and north eastern Himalayan forests which have been globally 

recognised as important and critical ecosystems, there has been considerable 

recognition by the Government of the criticality of conserving the Himalayan Ecosystem 

in form of the recent governmental approval of the National Mission for Sustaining 

Himalayan Ecosystems in October, 2009. Though this has marked a beginning on action 

towards such issues, for more concrete and timely action to foster suitable adaptation 

measures all the sectoral policies have to be mainstreamed to address climate change 

vulnerability concerns. Also since one of the major issues which face suitable adaptation 

measures in the Himalayan region is the poverty, many of the policies are primarily 

driven by the objective of sustainable livelihoods and poverty alleviation. This 

substantiates the reason to document and model issues of Himalayan forests in totality 

and make projections for future and recommend suitable strategies for their 

conservation and management. 

Relevance to National/State priorities: The above discussion clearly states that 

forestry sector not only offers an environmentally acceptable option for mitigating and 

avoiding calamity, but also for meeting the forest products needs of local communities 

for poverty eradication. It additionally has vast potential for mitigating climate change 

by way of adjusting atmospheric carbon. The study intends to develop Ecological 

Models for Resource Management so as to represent the problem in totality and then 

intends to analyze options in the forestry sector using a generic carbon budget model. It 

would also assess the consequences of management activities on forest carbon stocks 

on their landscape and would consider the effects of planned activities on forest carbon 

stocks and stock changes. It eventually intends to enhance role of ecological modeling in 

decision making process in forestry sector.  
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1.4 Methodology 

The study execution plan/ methodology have been well thought over and a Study 

Steering Committee (SSC) was established consisting of eminent people of the forestry 

sector in India. The role of SSC was to facilitate execution of the project by bringing in 

timely assistance and guidance in the study. The framework of the study elucidates the 

integration of different components in order to obtain the livelihood linkage with the 

forest ecosystem service i.e. carbon sequestration by the forests. The study area 

comprises of Sikkim, a Himalayan state, and Madhya Pradesh in central India. The study 

model as shown in Figure 1 will demonstrate variabilities in the forest carbon stock by 

taking into account the following externalities and the resultant impact on livelihoods of 

forest dependent communities. 

Figure 1-1: Framework of the study 

 

Source: Adapted from Carbon Budget Model of Canadian Forest Sector (CBM-

CFS3)  

Existing forest policies and the regulatory regime would provide the socio-economic 

scenario. This includes the existing legal framework, market mechanisms like clean 
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development mechanism (CDM) and REDD+, forest ownership status, sectoral policies 

and other energy policies in the project area.  The forest inventory would be 

supplemented by the biophysical parameters of the forests and the tree cover and the 

working plans drafted by the forest department. The biophysical parameters would 

capture the data on the growing stock, age class, density class, forest type, soil type, 

forest cover, tree cover which has been documented by the forest department of the 

respective states and has been recently inventoried by the Forest Survey of India (FSI), 

Dehradun. The working plan: would be valuable source of information on forest 

management practices elaborated in its working plans. The forests are also prone to 

disturbances which would deplete the carbon stock. The identified sources of 

disturbances have been classified into three categories (i)Ecological disturbance: loss of 

forests due to fire, attack of insects, pests, diseases and impact of climate change; (ii) 

Social factors: pressure exerted on the forest resources due to population surrounding 

forests, population density, cattle density, livelihood requirement of local communities; 

(iii) Land use change issues: such as diversion of forest area for non-forest purposes, 

encroachment, etc. Carbon accounts would establish the impact on the livelihoods of 

forest dependent communities. With the projected scenarios of impact, the appropriate 

policy interventions would be drafted. Establishment of Payment for Ecosystem 

Services (PES) market would also be directly linked to the livelihood impacts of the 

carbon accounts and market development would be facilitated.   

The methodology consists of identifying the variables for the above mentioned 

components through extensive literature review and from stakeholder consultation 

with the practitioners and subject matters specialist mainly the governmental officials 

from the various line departments from the Ministry of Environment and Forest (MoEF) 

and Ministry of Statistics and Programme Implementation, Institutions, research and 

local Non-Governmental Organizations (NGOs) representatives and locals from the 

forest fringe communities at Chhindwara and East Sikkim. The forest inventory data 

using National Forest Inventory (NFI) methodology was used for calculating the carbon 

stocks of the existing forests of the identified districts. Field investigations using 

participatory observation methods were conducted at sites with approved methodology 

from the SSC, developed jointly by Indian Institute of Forest management (IIFM), 

Bhopal and FSI, Dehradun to understand the socio-economic fabric of the respondents 

and also their dependence on the forests.  
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1.5 Limitations  

1. Lack of Time Series Data 

2. During the course of this study, it was felt that developing site specific India 

Forest Carbon Model (IFCM) extensive datasets on forest carbon inventory 

(obtained from FSI), detailed socio-economic data (obtained through primary 

survey) were not sufficient to build a comprehensive model based on one time 

data collection Lack of availability of time series data pertaining to socio 

economic variables as well as site specific forest carbon stock limited the scope 

of development of an exhaustive correlation matrix which could form a basis of 

predicting the cause and effect relationship. For establishing the socio-economic 

and forest livelihood linkages, data has to be collected at regular time intervals 

that can be compared to the baseline data established such that the pattern of 

change can be observed.  To obtain such a data there has to be a prolonged 

interval between each field assessment and data collection, and requirement of 

multi-disciplinary team. 

3. Lack of Policy Impact Data 

4. There is limited data available on the impact of specific policies on the change in 

socio economics and forest carbon in the project area. As a result, we have tried 

to capture aggregate and macro policy impact only.  

5. Carbon stock analysis only includes tree and bamboo above ground biomass data 

6. The socio economic data for dependency on forests only considers large timber, 

fuel-wood, Bamboo and fodder. A number of other NTFPs were not included in 

this analysis. 
 

 

1.6 Deliverables  

The deliverables of the study are being presented in a comprehensive report addressing 

component wise findings as per the framework developed and discussed in the previous 

sections.  The policy outcomes are being presented in the Chapter 2 titled “Analysis of 

Policies impacting Forest Carbon Stock in India”, while Chapter 3 meta-analyses the 

forest carbon models and integrated models developed at the global level. The site-

specific India Forest Carbon Model, its stages of development are being presented in 
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chapter 4 and 5. The methodology for data collection is presented in Chapter 6 and its 

findings for Chhindwara and East Sikkim are discussed in detail in Chapter 7.  Based on 

the outcomes suitable financial mechanisms and market linkages are introduced in 

Chapter 8 while the conclusions and recommendations are presented in the last Chapter 

(9) of this report. Guidance papers have been released for specific audience.  

**************** 
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CHAPTER -2  

Analysis of Policies Impacting 
Forest Carbon Stock in India 

   

  
KEY FEATURES 

 National Forest Policy 1988 is revealed to be most effective policy in the sector, Land 

Acquisition Act (Amendment) 2007 has been least effective at the central level 

 67% respondents score the existing policies to be moderately effective on promoting livelihood 

strategies at the national level 

 9% respondents score the policies to be highly effective in conservation of forest carbon stock , 

58% - moderately effective  

 Madhya Pradesh- Policies are moderately effective  

 Sikkim – policies are highly effective 
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2  Analysis of Policies Impacting Forest Carbon Stock in India  

Contributing Authors: IIFM, Bhopal, FSI, Dehradun and IES, New Delhi 

2.1 Review of Frameworks for Policy Analysis  

“Defining policy is rather like the elephant – you know it when you see it but you 

cannot easily define it” ----(Cunningham, 1963, cited in Keeley and Scoones, 1999:4). 

Defining Policy:  

A policy is a "Statement of Intent" or a "Commitment" described typically as a principle 

or rule to guide decisions and achieve rational outcomes. Policies assist in both 

subjective and objective decision making. They can be mechanisms of political, 

management, financial, and administrative nature arranged to reach explicit goals. And 

the decision-makers can be held accountable for their "Policy”. It is different from a law 

as law compels or prohibits behavior whereas policy merely guides actions toward 

those that are most likely to achieve a desired outcome (Policy analysis, 2012). . 

Policy is complex and dynamic in nature and embraces a range of different aspects. 

Policy can be specific to any sector while integrated policies can be formulated for 

addressing cross sectoral issues because of which the policy formulation process also 

becomes significant. Measures for policy implementation (e.g. laws, regulations, or 

programmes) are necessary to ensure that policy can be put into practice. Further, 

policy and policy making is conditioned and shaped by the political, social and economic 

environment, as well as historical factors. The process of policy formulation is intense 

involving not only policy makers abut also many stakeholders who would facilitate the 

implementation, institutions, such as markets or  the legal system, and organisations  

such as NGOs or bureaucracies. It can also be thought of as an interface where policy 

and people meet (Pasteur,K., 2001).  .  

Policy Analysis:  

The study of policy or policy analysis may also refer to the process of making important 

organizational decisions, including the identification of different alternatives such as 

spending priorities or programs on the basis of desired impact they would have. The 

analysis would also help in determining the alternative policies that will most achieve a 
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given set of goals in light of the relations between the policies and the goals". The policy 

analysis can be divided into two major types (i)Analysis of policy which is analytical and 

descriptive—i.e., it attempts to explain policies and their development and (ii) 

Analysis for policy which is prescriptive—i.e., it is involved with formulating policies 

and proposals (e.g., to improve social welfare). The objective of analysis determines the 

type to be used (Policy analysis, 2012). 

Policy and Sustainable Livelihoods: 

In the context of sustainable livelihoods, policy analysis would require an 

understanding of the livelihood priorities of the people, with relevant policy sectors and 

whether or not appropriate policies exist in those sectors. Effective realization of the 

policy priorities of poor people can be enhanced if they have the capacity to articulate 

their demands and influence the policy process. Either through public participation or 

through representation in the policy formulation panel can be possible ways of 

involving the primary stakeholders from the very beginning stages of the policy 

formulation process.  Further, the ‘level’ of formulating and implementing the policy can 

be international and regional, national and sub-national (state or local). The linkages 

and paths of influence between these levels are also significant for understanding policy  

Thus, an understanding of policy must be broad in its definition, and dynamic in its 

perspective. When analyzing policies with the lens of sustainable livelihoods, in the 

addition to investigating what policies exist, one has to understand the relationship 

between policy (and policy-making processes) and the livelihoods of poor people. It 

should also consider the extent to which policy and policy making support the 

principles for best practice development intervention advocated by the sustainable 

livelihoods approach (i.e. participatory, holistic, dynamic, building on strengths, linking 

macro to micro and sustainable). Some of the broader questions analyzed by the 

policies can be (i) the ways in which the policies affect the livelihood strategies of the 

people and their livelihood priorities (ii) Institutions and organizations as interface 

between policy and people (Pasteur,K., 2001). 

Need for sustainable livelihood approach for policy analysis: The sustainable livelihoods 

approach recognises the importance of policies and institutions in governing poor 

people’s access to livelihoods assets, and in influencing their livelihood strategies and 
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their vulnerability to shocks and stresses. Hence, the approach advocates a more 

‘upstream’ approach to reducing poverty. In addition to micro-level work that directly 

aims to improve poor people’s livelihoods, it recognises that for change to be 

sustainable macro-level issues need also to be addressed, including policy (Pasteur,K., 

2001).  The advantages of analyzing policies with sustainable livelihood context as 

highlighted by (Ashley and Carney, 1999) is (i) it helps ensure that policy is not 

neglected; (ii) provide a common language for policy makers from different sectors; (iii) 

encourage a more people-focused approach to policy; (iv) linking macro to micro as 

part of a Livelihoods Analysis - i.e. local realities and policies that structure and shape 

them; (v) understand poor people’s capacity for articulating demand 

Moreover it also advocates that interventions in support of the poor people should be 

participatory, people centered, dynamic and build on people’s strengths in addition to 

being sustainable. A direct relationship between policy and impacts in the livelihoods is 

very difficult to prove, but insightful linkages can be made.  

Approaches 

Although various approaches to policy analysis exist, out of which three are most easily 

distinguished as shown in the table below:  

Table 2-1: Approaches for Policy Analysis 
Sr.no Name Description Scope Nature of 

problem  
interpretatio
n 

1. The analycentric 
 approach 

focuses on individual problems and their solutions 
The primary aim is to identify the most effective and 
efficient solution in technical and economic terms 

micro-
scale 

technical 
nature 

2. The policy 
process approac
h 

puts its focal point onto political processes and involved 
stakeholders 
It aims at determining what processes and means are 
used and tries to explain the role and influence of 
stakeholders within the policy process. By changing the 
relative power and influence of certain groups solutions 
to problems may be identified 

meso-scale political nature 

3. The meta-policy 
approach  

a systems and context approach 
It aims at explaining the contextual factors of the policy 
process; i.e., what are the political, economic and socio-
cultural factors influencing it. As problems may result 
because of structural factors solutions may entail 
changing the structure itself. 

macro-
scale 

structural 
nature 

Source: Adapted from Policy analysis (2012)  
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Policy analysis is methodologically diverse. It can focus on qualitative and quantitative 

methods which can include primary research methodologies, case studies, statistical 

analysis, model building etc. the most common approach is to (i) identify the problem 

and evaluation criteria; (ii)  identify all alternatives; (iii) evaluate the alternatives; and  

(iv) recommend the best policy agenda per favor. The above methodology can be 

executed through models as discussed in table 2.2. the use of these models is to identify 

important aspects of policy, as well as explain and predict policy and its consequences.  

Table 2-2: Policy analysis models 

Sr. No Name of the 
model 

Description  

1. Institutional model Public policy as determined by the political institutions applied universally to all 
citizens of society and enacted by the government through its executive, legislative and 
judicial branches.  

2. Process model Model through which the policy is formulated through the following steps :  

 Problem identification and demand for government action. 
 Formulation of policy proposals by various parties (e.g., political parties, think 

tanks, interest groups, etc.). 
 Policy legimitation i.e. selection and enactement of the policy  
 Implementation 
 Evaluation 
Disadvantages : (i) overly linear and simplistic in nature; (ii) does not take into account 
the multiple actors attempting the process itself as well as each other, and the 
complexity this entails. 

3. Rational model  Herbert Simon is the father of rational models. As the name suggests, this model is 
based on the decision-making process for making logically sound decisions in policy 
making. In other words policy formulation with appropriate goals which can be 
achieved with limited conditions and constraints.  The model is based on the 
assumptions that (i) the model must be applied in a system that is stable; (ii) the 
government is a rational and unitary actor and that its actions are perceived as rational 
choices; (iii) the policy problem is unambiguous, and (iv) there are no limitations of 
time or cost. 

Rational model intends to achieve maximum social gain. For achieving rational 
decisions, Ian Thomas describes Simon's steps as follows (i) Intelligence gathering— 
data and potential problems and opportunities are identified, collected and analyzed. 
(ii) Identifying problems (iii) Assessing the consequences of all options (iv) Relating 
consequences to values— that can be expressed as a set of criteria, against which 
performance (or consequences) of each option can be judged. (v) Choosing the 
preferred option 

Disadvantages: (i) It is difficult to quantify values assigned to social and environmental 
criteria. (ii) The assumptions are never fully valid in the real world context. (iii) 
applying the same in common property resources or public sector can be challenging as 
the system is complex and highly interdependent.  
 

4. Group   model The political system's role is to establish and enforce compromise between various, 
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conflicting interests in society. 

5. Elite model  Policy is a reflection of the interests of those individuals within a society that have the 
most power, rather than the demands of the mass 

6. Six-step model This model is very similar to the process model. The policy formulation is defined in six 
steps defined as (i) Verify, define and detail the problem; (ii) Establish evaluation 
criteria ; (iii) Identify alternative policies; (iv)  Evaluate alternative policies; (v) Display 
and distinguish among alternative policies and ; (vi) Monitor the implemented policy 

Source: Adapted from Policy analysis (2012)  

2.2 PAM (Policy Analysis Matrix) 

A convenient tool for policy analysis is to develop a policy analysis matrix (PAM) by 

summarizing the impacts of policy alternatives for various options. The examination of 

the matrix can reveal the tradeoffs associated with the different alternatives.  At this 

part of the process, all the economic, social, and environmental factors that are 

important to the policy decision need to be identified and then expressed as policy 

decision criteria. It is also important to understand that ‘Uncertainty’ — the degree to 

which the level of policy impacts can be known is limited and uncertain to an extent 

where there exist intangible and diffused effects.   

The aim of the policy analysis in context of the study is to analyze the effectiveness in 

which the policies affect the livelihood strategies of the people vis-a-vis the natural 

resource base i.e. the forests / carbon stock.  As environmental (affect on the forest 

carbon stock) and socio -economic values (impact on livelihood strategies of forest 

dependent communities) need to be assigned the policy analysis matrix developed for 

this study has been adapted from the rational model discussed in the table 2.2.  The 

effectiveness of sectoral policies related to forestry and allied sectors at national and 

state level (Sikkim and Madhya Pradesh) has been analyzed. The list of policies, acts and 

missions have been elucidated in table 2.3 of section 2.2 below.  The policies were first 

individually analyzed on the following designated heads:   

1. Name of Policy 

2. Policy Scope 

3. Date of Adoption 

4. Main Area of Focus 

5. State/ Central Implementing Authority 
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6. Correlation to Forest Stock, biomass and carbon 

7. Correlation to Livelihoods  

8. Note 

2.2.1 Methodology for Policy Analysis  

The methodology for policy analysis has been adapted from the meta-policy approach 

and rational model as none of the approaches or models discussed in the above section 

tailor fit to the requirements of the policy analysis of the study. The approach that fits is 

a mix of policy process approach as it puts its focal point onto the involved stakeholders 

at various levels but is not political in nature. It is closer to the meta-policy approach 

except that it would not be explaining the contextual approach of formulation of the 

policy but takes into account the system and context. While the rational model is based 

on the set of hypothetical assumptions (which do not hold good in the real time 

scenarios) it intends to achieve maximum social gain. The execution of the model also 

assigns values i.e. a set of criteria, against which performance (or consequences) of each 

option can be judged to the relating consequences, has been borrowed from the model.  

The methodology used is described in detail as follows:  

1. Decision criteria for the analysis: The analysis of the policies/acts/missions 

implication had never been analyzed before as many of them have been 

formulated recently. The process of identifying suitable comprehensive decision 

criteria was vulnerable to being skewed by pressures arising from impact of the 

policies being vast, cross sectoral, diffused, uncertain and delayed. For example, 

it was difficult to identify the impact of allied sectoral policies on direct increase 

or decrease of the forest carbon stock as a tangible, immediate or certain impact 

or for that matter impact on livelihood strategies.   

The decision criteria chosen for the analysis was focused on the two important 

aspects around which the study revolves and forms the core of the research the 

forest carbon stock and the livelihood options / strategies. The aim of the study 

is to understand the interdependence relation with the two and subsequently 

suggest interventions for increased livelihood opportunities along with increase 

in forest carbon stock. Thus the criteria are (i) change or impact on the existing 
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forest carbon stock in view of the policy goals and objectives and; (ii) change or 

impact on livelihood security or generation of livelihood from the forests 

The above chosen criteria are not easily measurable or definable. For instance 

the livelihood options generated would vary from site to site depending on the 

forest type, degree of dependence of the people residing near the forest and their 

demography spread around the forest.  They have thus been expressed 

qualitatively. Ultimately though, the set of decision criteria needs to embody all 

of the policy goals, and overemphasizing the more easily definable or measurable 

criteria will have the undesirable impact of biasing the analysis towards a subset 

of the policy goals. 

2. Choosing stakeholders: the stakeholders for the analysis were the bureaucrats 

from the various line departments of Government of India (The Indian 

administrative Services, Indian Audit and Accounts Services, Indian Police 

Services), practitioners and decision makers (Indian Forest Service) and experts 

from the legal field.  

3. Obtaining the response through questionnaire: Questionnaires can be 

effective in gaining a broad picture of stakeholder’s views on policy issues. They 

are useful for collecting a large sample of views for comparison according to 

different stakeholder groups. The questionnaire designed was based on likert 

scale with well outlined policy objectives and scope for informed responses. 

4. Evaluation of the responses:  In our case the policy analysis exercise was to 

understand the overall effectiveness of polices on the forestry sector, carbon 

stock and livelihood linkages. The evaluation consists of statistical analysis with 

normalization of the responses against the selected decision criteria.  

5. Comparing and analysis of the policy alternatives and understanding the 

impact of the policies: Here utility concept was implemented where each 

impact was given a weightage such that 1 unit of each weighted impact is 

considered to be equally valuable (or desirable) with regards to the collective 

well-being/effectiveness of the policy. Based on which policy was ranked as well 

as compared collectively 
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2.3 Identified Policies having a Bearing on Forest Carbon Stock and Livelihoods  

The identified areas for the study are Chhindwara of Madhya Pradesh State and East 

district of Sikkim state.  Thus the forest policies and allied sector policies for these 

states as well as at the national level have been analyzed and are attached in the 

Annexure <No.>.  Policy is an umbrella term used in the chapter, specific categorization 

of the policies, acts, missions, action plan etc has been done. Thus the use of policy is 

just an indicative to refer to various types of acts, missions, action plans, rules etc for 

the forestry and allied sector.  

Table 2-3: Forestry and allied sector policies analyzed at Central/National level  

Sr. No Title  

1. The National Forest Policy of 1988  

2. The Indian Forest Act 1927 

3. Forest (Conservation) Act, 1980 {FCA} 

4. Land Acquisition Act, 1894, Land Acquisition (Amendment) Act  2007 

5. The Provisions of the Panchayats (Extension to the Scheduled Areas) Act, 

1996  {PESA} 

6. The Scheduled Tribes and Other Traditional Forest Dwellers 

(Recognition of Forest Rights) Act, 2006 {FRA} 

7. Ownership Rights of Forest Dependent Community Act  

8. Biological Diversity Act 2002 

9. National Action Plan on Climate Change {NAPCC} 

10. Green India Mission {GIM} 

11. National Mission on Sustaining Himalayan Ecosystem draft June 2010 

12. National Environment Policy 2006 {NEP} 

13.  20 point Programme 1986 

14. National Afforestation and Ecodevelopment Board {NAEB} 
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Table 2-4 : Relevant policy listing for Sikkim state 

Sr. No Title  

1. The Sikkim Forests and Water Courses (Preservation and Protection) 

Act, 2007 

2. Sikkim State Compensatory Afforestation Fund Management and 

Planning Authority 

3. Sikkim State Green Mission 

 

Table 2-5 : Relevant policy listing for Madhya Pradesh state 

Sr. No Title  

1. MP State Forest Policy 2005  

2. MP State Water Policy 2005  

3. MP Solar Policy  

4. Mineral Policy of MP    

5. MP Tourism Policy  

 

2.4 Discussion  

The forest stocks of the nation  

Tangible products obtained from the forests include fuel wood, timber, fodder, manure 

and minor forest products, intangible services such as hydrological benefits, soil 

conservation, climate change mitigation and habitat for wildlife, and other intangible 

values such as spiritual or aesthetic values (collectively termed as ecosystem services). 

These benefits flow towards many different beneficiary groups. Only some of these 

beneficiaries live in physical proximity of the forest to receive the direct benefits. Others 

live downstream in the watershed, or in the whole. It is estimated that some 1.6 billion 

people worldwide depend on forests for their livelihoods. 60 million indigenous people 

depend on forests for their subsistence (World Bank, 2004) 

Early Legislation 

The first Indian Forest Act was passed in the year 1865. It was a hasty approach and 

was put together with an intention to bring certain tracts of land under State control 
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(the British Empire) – as and when the State required.  There were no provisions for the 

rights of users. This law was later amended in the year 1878 and the forests were 

brought under direct State control. A categorization was created which divided forests 

into three distinct categories, viz. reserve, protected and village forests. In 1894, the 

British government declared its first Forest Policy Resolution, in which state control and 

commercialisation of forests formed the dominant motif. The basic aim of this policy 

was to conserve forests that were being fast depleted due to indiscriminate use by 

increasing the State control over forests.  

An important legislation on forests during the colonial period was the Indian Forest Act 

(1927), based on the Indian Forest Act, 1878. This 1927 Act attempted to consolidate 

laws relating to a number of issues regarding forests and forest- produce. The period 

immediately following independence saw a spate of forest laws which made it clear that 

all interests were to be subservient to the national interest. 

The National Forest Policy of India, 1952 was based on certain vital needs of the 

country. A balanced, systematic and complementary land use was required to enable 

maximum returns at least cost. In order to check the problem of soil erosion and the 

expansion of the North-Western desert, increased afforestation was envisaged. 

Continued forest supplies were also required to meet the demands for industrial and 

other developmental projects. The 1952 Forest Policy stipulated for bringing 33 % of 

the geographical area of the country under forest cover. At present the forest cover of 

the nation is 23.8 % (I-SFR, 2011). However, with the growing economy forest land was 

diverted on a large scale.  

In 1976, as stated by the National Commission on Agriculture (NCA) forests were to be 

managed to continue production of wood for industrial purposes, and the focus was on 

production forestry only.  Thus, priority was given to industrial development over 

individual and community needs. This continued for three decades from 1950–1980. In 

the year of 1976 forests were transferred from the State to the concurrent list, bringing 

them within the purview of the Centre. Further, the Forest Conservation Act was passed 

in 1980 and subsequently amended in 1988. This amendment took place after the 

Forest Department was transferred from under the Ministry of Agriculture to the 

Ministry of Environment and Forests, thus shifting the focus from revenue-earning to 
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conservation.  This was a major shift for the forestry sector in India. This Act aimed at 

conservation of forests and wildlife, and greater State control in Reserved Forests (RF), 

and provided for penal measures in case of contravention of these provisions. It also 

sought to ensure that encroachers of forest land for purposes of cultivation or other 

purposes were kept out at all costs. It emphasized the environmental role of forests and 

the need to fulfill the subsistence requirements of the local populations dependent on 

forests.  

Livelihood and Forests Connect: 

Historically, the relationship between tribal communities in India and forests was 

characterized by co-existence and these communities were considered integral to the 

survival and sustainability of the ecological system. During the pre independence and 

the post independence period, these communities have thrived in the shadow of the 

insecurity of tenure with the looming threat of eviction from their traditional 

settlements. 

In response to the resulting pressure from these sections of the society, the 73rd 

Constitutional Amendment Act, 1992 was passed which created Panchayati Raj 

Institutions (PRIs) as tiers of self governance below the level of States in the federal set 

up. It is a landmark resolution in the course of decentralized development as it 

envisages people’s participation in the process of planning, decision-making, 

implementation and delivery of various governmental schemes.  

The Ministry of Rural Development (MRD) constituted a committee (Bhuria committee) 

to make recommendations on the salient features of the law for extending provisions 

(‘Panchayats’) to Scheduled Areas. The report inter alia argued for the legal recognition 

of the Gram Sabha as the primary centre of tribal governance. It also recommended that 

the longstanding demand of tribal control over productive land and forests should be 

conceded to and administrative interference in their affairs should be minimized. 

Following this report, the parliament passed the Panchayats (Extension to the 

Scheduled Areas) Act, 1996.  

Correlation of Forests and Livelihoods:  

The National Forest Policy of 1988 recognizes certain customary rights of local 

communities and proposes that holders of the customary rights must be motivated to 
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identify themselves with the protection and development of forests from which they 

derive benefits. Further the Land Acquisition Act, 1894, and Land Acquisition 

(Amendment) Act in 2007 introduced compulsory social impact assessment study. It 

stated that if land acquisition results in the displacement of 400 families in the plains or 

200 families in the hills or tribal areas, the government must conduct a social impact 

assessment. It would include the effects of displacement, a Tribal Development Plan, 

and provisions for infrastructure development in resettlement areas. In 1984 Act, the 

term ‘person interested’ includes those who are claiming land compensation and those 

interested in an easement (limited right of use of the land) on the land. The Act 

proposes to expand the definition to include tribal and other traditional forest dwellers 

who have lost any traditional rights as well as individuals with tenancy rights under 

state law.  

2.5 Comparative Policy Analysis on Carbon Stocks and Livelihoods 

2.5.1 Analysis of Policies at Central level 
The policy ranking was performed by scoring each policy against livelihood, forest 

carbon and overall effectiveness criteria. Further each score set was normalised and 

ranked using the utility concept explained in the section 2.2.1. As per the results 

National Forest Policy 1988 is revealed to be most effective policy in the sector, 

followed by National Biodiversity Act 2002, National Afforestation and Ecodevelopment 

Board, Green India Mission, 20 Point Programme 1986, National Environment Policy 

2006, NAPCC and others while the Land Acquisition Act (Amendment) 2007 has been 

least effective at the central level, as shown in Figure 2.1.  
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Figure 2-1: Graph for overall policy ranking in terms of effectiveness of each policy 

 

The index of the Policy acronyms is detailed in Table 2.6.  

Table 2-6: Index for policies 

Acronym Full form Acronym Full form  

NFP 1988 The National Forest Policy of 1988 FCA 1980 Forest (Conservation) Act, 1980 

NBA 2002 National Biological Diversity Act 

2002 

ORFDCA Ownership Rights of Forest Dependent 

Community Act 

NAEB National Afforestation and 

Ecodevelopment Board 

IFA 1927 The Indian Forest Act 1927 

GIM Green India Mission NMSHE National Mission on Sustaining Himalayan 

Ecosystem draft June 2010 

20 P 1986 20 Point Programme 1986 FRA 2006 The Scheduled Tribes and Other Traditional 

Forest Dwellers (Recognition of Forest 

Rights) Act, 2006 {FRA} 

NEM 2006 National Environment Policy 2006 PESA 

1996 

The Provisions of the Panchayats (Extension 

to the Scheduled Areas) Act, 1996 

NAPCC National Action Plan on Climate 

Change 

L A 2007 Land Acquisition Act, 1894, Land Acquisition 

(Amendment) Act  2007 

 

These policies work simultaneously together in the systems, thus the overall 

effectiveness of the policies at the national level indicate that 78% of the policy 

implementation is moderate while 8% is highly effective as shown in Figure 2.2.  
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Figure 2-2: Percentage effectiveness of the policies 

 

With respect to study specific policy impacts on (i) livelihood strategies promoted and 

(ii) forest carbon, the effectiveness score is as follows: 

1. Policy impacts on promoting livelihood strategies and its implementation 

(Figure 2.3) 

a. 67% respondents score the existing policies to have moderate 

effectiveness on the promoting livelihood strategies at the national level, 

while one third find the policies to be least effective.  

2. Policy impacts on promoting / enhancing or conserving forest carbon stock 

(Figure 2.4) 

a. 9% respondents score the policies to be highly effective in conservation of 

forest carbon stock , while 58% find the policies moderately effective, 

with 33% least effective.  
 

Figure 2-3 : Analysis w.r.t livelihood context at the central level 
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Figure 2-4 : Analysis w.r.t forest carbon context 

 

2.5.2 Policy analysis for Madhya Pradesh and Sikkim  
Similar exercise was performed for policy analysis for the working states of the study 

i.e. Madhya Pradesh and Sikkim. The findings for which are discussed in the following 

sub-sections:  

Madhya Pradesh:  The policies considered for analyses for Madhya Pradesh state are 

(i) Madhya Pradesh Forest Policy 2005; (ii) Madhya Pradesh Solar Draft Policy; and (iii) 

Madhya Pradesh Tourism Policy.  The overall effectiveness of the selected policies has 

been scored as moderately effective for impact on livelihood promotion as well as 

conservation and enhancement of forest carbon stock.   

Sikkim:  The policies considered for analyses for Sikkim state are (i) The Sikkim Forests 

and Water Courses (Preservation and Protection) Act, 2007; (ii) Sikkim State 

Compensatory Afforestation Fund Management and Planning Authority; and (iii) Sikkim 

State Green Mission.  The overall effectiveness of the selected policies has been scored 

as highly effective for impact on livelihood promotion as well as conservation and 

enhancement of forest carbon stock. This can be attributed to the strong governance 

and high awareness level of the people.  

2.6 Conclusion  
The current analysis of the policies draws attention to the possible ways in which policy 

impacts on different aspects of people dependent on the natural resources and their 

livelihood assets. It is not possible to draw a direct and tangible impact however it does 

give meaningful insight into the effectiveness of polices from the view point of the 

decision makers and practitioners.  

************* 
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CHAPTER -3 

Meta-analysis of Forest Carbon 
Models 

   KEY FEATURES 

 Models developed for forest carbon accounting. 
o Carbon Budget Model- Canadian Forest Sector (CBM-CFS-3) 
o Russia Full Carbon Accounts (R-FCA) 
o Carbon Accounting Model for Forests (CAMFor) 

 Integrated models analysed  
o Global Biomass Optimization Model (GLOBIOM) 
o Climate Change – Terrestrial Adaptation and Mitigation Model (CCTAME) 
o  Forest Carbon Index (FCI)  
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3  Meta-Analysis of Forest Carbon Models 
 

Contributing Authors: IIFM, Bhopal 

The study framework takes into consideration the forest management regime, socio-

ecological disturbances, policy and regulatory scenario to develop a core forest carbon 

model. The policy impact on the carbon and livelihood aspects of the forestry and 

related sectoral policies have been discussed in detail in Chapter 2. This chapter meta-

analyses various carbon and integrated models developed across the globe as it 

provides  a  rigorous  framework  for  the  qualitative and quantitative  synthesis  of  the 

results  of  independent  studies. In this study the aim of the meta-analysis was to fully 

understand the data requirements, software application used for designing such models 

and how the carbon models have been integrated with various other objectives. Hence 

the models chosen were mainly developed by International Institute for Applied System 

Analysis (IIASA) (modelling partner in the study) having global expertise in developing 

integrated models.  

3.1 Understanding Meta-Analysis 

As defined by Hedges and Olkin (1985), “Meta-analysis is the quantitative synthesis, 

analysis, and summary of a collection of studies”. Meta-Analysis provides us a holistic 

view that emerges when the studies are seen together. We can compare and analyse the 

different methods, limiting factors, levels of aggregation that combine together to form 

the overall picture.  

Unlike a primary study, meta-analysis takes variation in study characteristics into 

account and can provide insight about factors that have critically influenced earlier 

results. This, in turn, leads to better overall understanding and prediction. The 

advantage of performing a meta-analysis is that, in contrast with primary studies that 

uses one method and usually examine one or very few limiting factors, it allows 

researchers to ask questions about the impact of a particular method or limiting factor 

relative to others (Jeroen et. al. , 2004). 
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Types: 

Types of meta analysis approaches are (i) a quantitative meta-analysis based on 

descriptive statistics and multiple regression analysis and (ii) a comparative 

qualitative analysis based on detailed cross analysis of the qualitative parameters 

across various studies like approach, methodology etc.   

One of the most popular analytical frameworks that describe meta-study is as follows: 

Figure 3-1 : Meta-study research process 

 
Source:  Adapted from Paterson et al.  (2001, 11-12) 

The above framework breaks down the meta-synthesis into three components of 

theory, analysis and method.  In meta-theory major cognitive paradigms and schools of 

thought are identified, understood and represented. The related theory is then linked to 

larger social, historical, cultural, and political context uncovering significant 

assumptions research findings underlying specific theories and providing a link to 

theory-practice continuum. It thus constructs a conceptual frame for testing, 

interpreting, and developing the extant theory of the objective of the study.  The 

theoretical basis of which can be explored through a comparative qualitative and 

quantitative analysis.  

The next component of meta-study is meta-analysis which is key in (i) identifying  

analytic  strategy; (ii) developing  filing & coding  system; (iii) categorizing  the  data ; 

and (iv) discussing  and  interpreting  findings  as  they  relate  to  research  question(s).  

It involves a  critical  examination of multiple  accounts  of  phenomena,  to  reveal  

similarities  and  differences  among  them  (Noblit  and Hare  1988).  It involves a 

systematic approach that requires analytic strategy, coding  system  to  categorize data  

and  interpret  findings  in  relation  to  the research question.  The analytic procedure 

aims at answering conceptual questions. 

 



Analyzing Forest Carbon Accounts for Sustainable Policy Options with Special Reference to Livelihood Issues 

30 
 

Moving on to the third component i.e. meta-method wherein one (i) specifies the 

methodological characteristics of selected reports and (ii) elaborates methodological 

characteristics influencing research findings. This process enables establishing  the  

rigor and epistemological  soundness  of  research and  is used  to compare  and  

contrast findings of  different studies  in a  substantive  area of  inquiry (Paterson et  al.  

2001). It can be through   examination of case studies as well as concept papers.  

 

These three components form meta-synthesis that presents the overall view/ holistic 

picture of the study. It critically interprets the strengths and limitations of the various 

studies. It uncovers significant assumptions underlying the specific theories. It also 

searches for alternative explanations for paradoxes and contradictions determining 

which existing theoretical stances are compatible or not and proposes alternate 

theoretical structures within which existing knowledge can be interpreted. Meta-

synthesis  seeks  to  'create  a  holistic  interpretation'  (Jensen and Allen  1996)  by  

bringing together the  emergent  properties of  the  three  analytic  meta- procedures  in 

order to  validate,  negate,  or create  a new  understanding of  the  phenomena  as  

studied  by others.   

 

The use of  these  techniques  has become  widespread in all emerging fields like the 

ecological and social sciences where its potential is just  beginning  to  be  realized  

(Arnqvist  and Wooster  1995).  Recent  applications  to  ecological  problems  include  

syntheses  of  the  experimental  evidence  for  competition (Gurevitch  et  al.  1992),  the  

responses  of  woody  plant species  to  elevated  CO2 (Curtis  1996)etc.   

3.2 Applicability to the Study  

Meta-analysis is particularly relevant for synthesizing the results of earlier studies. In 

this study the authors have focused only on  meta-analysis components as it provides  a  

rigorous  framework  for  the  qualitative and quantitative  synthesis  of  the results  of  

independent  studies.   

3.3 Models Considered for Meta-Analysis 

The objectives of the study focus on the forest carbon and its relation to the socio-

economic setting. Moreover the study also considers the policy impact on the carbon 
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and livelihood aspects of the forestry and related sectoral policies (as discussed in detail 

in Chapter 2). There have been various models developed for forest carbon pool as well 

as flux accounting such as Carbon Budget Model- Canadian Forest Sector (CBM-CFS3), 

Russia Full Carbon Accounts (R-FCA), Carbon Accounting Model for Forests (CAMFor) 

etc.  Based on the forest management regime the forest carbon is calculated in the 

models. They however do not give any indication on the social and economic dynamics 

and its impact on the natural resource (or carbon specifically). To analyze the aspect 

integrated models like Global Biomass Optimization Model (GLOBIOM), Climate Change 

– Terrestrial Adaptation and Mitigation in Europe (CCTAME) and Forest Carbon Index 

(FCI) were considered. These models consider the suitability of emerging market 

mechanisms like REDD+, A/R CDM; policy impacts on sectors through bottom –top 

approach.  

The aim of the meta-analysis was to fully understand the data requirements, software 

application used for designing such models and how the carbon models have been 

integrated with various other objectives. Hence the models chosen were mainly 

developed by IIASA having global expertise in developing integrated models. The 

models discussed have the management system of production forestry which is quiet 

unlike the practice of social forestry in India. Also two models are Intergrated multi-

sectoral models working on a global scale.  

Table 3-1: The models analyzed  

Sr. No Model Name 

1.  Carbon Budget Model- Canadian Forest Sector (CBM-CFS3) 

2.  Carbon Accounting Model for Forests (CAMFor) – Australian Model 

3.  Russia Full Carbon Accounts (R-FCA) 

4.  Forest Carbon Index (FCI) 

5.  Climate Change – Terrestrial Adaptation and Mitigation in Europe (CC-TAME) 

6.  Global Biomass Optimization Model (GLOBIOM)  

 

3.3.1 Carbon Budget Model- Canadian Forest Sector (CBM-CFS3) 

The model was developed to meet the operational-scale forest carbon accounting needs 

(carbon-related criteria and indicator reporting) of forest managers and analysts across 
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Canada. It is a stand- and landscape-level modelling framework that can be used to 

simulate the dynamics of all forest carbon stocks required under the provincial and 

territorial governments, sustainable forest certification organizations, and the Kyoto 

Protocol.  It was conceptualised in 2002 by the carbon accounting team at Natural 

Resources Canada’s Canadian Forest Service, in partnership with the Canadian Model 

Forest Network. The pilot studies were conducted on Lake Abitibi Model Forest and 

Western Newfoundland Model Forest for development and testing of the model (Kull et. 

al., 2007).  

Features: CBM-CFS3 is an aspatial model and the total area is divided into spatial units 

and within it is divided in stand level.  

The model is down scalable upto stand level with capabilities to assess change in carbon 

stock due to management actions and natural disturbances. It also has the capability to 

evaluate future changes taking place at stand and spatial unit level.  The figure 3.2 

represents the framework of the model for which data is required on forest inventory, 

growth and yield curves, natural and human-induced disturbance information, forest 

management schedule and land-use change information and information from national 

ecological parameter databases.  

Figure 3-2 : Framework for CBM-CFS3 

 

Source: Kull et. al. ( 2007) 
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The analysis takes place at two levels. At stand level ecosystem carbon dynamics and 

impacts of management and disturbances are modelled and at landscape level selection 

and scheduling decisions are enabled. 

3.3.2 Carbon Accounting Model for Forests (CAMFor) – Australian Model  

CAMFor determines the carbon masses in forest stands and estates. An estate is defined 

by the summation of associated groups of similar stands. It is a spreadsheet model 

comprising of two EXCELWorkbooks (i) CAMFor: for species and management regime 

and (ii) CAMFor Estate: at estate level as shown in Figure 3.3. The carbon movements 

are modelled over period of time which includes carbon movements during a year (no 

harvest, thinning or fire) , carbon movements due to harvest or thinning, carbon 

movements in a stand-replacing fire and carbon movements in regenerating (crown and 

ground) fire.  

Figure 3-3: Application overview 

 

Source: Richards and Evans (2000) 
The model runs at stand and estate level and accepts data for stand and management 

attributes, management regime, the thinning regime, timing and impact of fires, species 

of tree, growth rates and distribution of growth and the age and area of stands. The 

output is generated in the form of graphs and trend lines.  
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Carbon from dead organic matter, soil carbon and from the biomass (trees: stem, 

branches, bark, leaves and twigs and roots) is calculated (Richards and Evan, 2000).   

3.3.3 Russia Full Carbon Accounts (R – FCA) 

Russia Full Carbon Accounting has been done by The Forestry Project (FOR) at IIASA 

for 1990, together with scenarios for 2010. This study includes both fluxes and pool 

data on carbon.  The objectives were (i) to calculate a more complete carbon balance 

for Russia than has been produced by previous attempts, based on spatial inventories, 

and re-estimate crucial indicators of the carbon account (ii) to use the R- FCA as a case 

study to identify and illustrate uncertainties in determining the carbon balance; (iii) to 

use the Russian case study as a tool to identify important policy issues to be 

considered by policy makers at different levels and by the United Nations Framework 

Convention on Climate Change (UNFCCC); and (iv) to identify important policy-

relevant research tasks for the future with respect to carbon and greenhouse gases. 

The platform was a system of geo-referenced descriptions of the environment and land 

of Russia developed at IIASA in cooperation with a network of Russian partners. The 

analyses followed a systems approach, and considered various pools and fluxes in 

soils, terrestrial biota, agricultural products, animal husbandry, forest products, and 

the energy sector, the linkages of which are depicted in Figure 3.4. 

Figure 3-4: Pools and Fluxes considered in the Russian FCA 

 
Source: Nilsson et. al. (2000) 
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FOR applied the methods to estimate the verification times for the changes in four 

types of accounts: fossil fuel balance, atmosphere and ecosystem balance (excluding 

fossil fuels), total flux balance (including fossil fuels), and Kyoto mimic (fossil fuels 

with anthropogenic biospheric changes [ABC scenarios]). The analysis assumed that 

all ABCs were eligible under the Kyoto Protocol. The fossil fuel balance showed the 

greatest dynamics (temporal changes) and the atmosphere and ecosystem balance 

(excluding fossil fuels) the slowest dynamics of behaviour. The dynamics strongly 

affect the verification time, which is the time when the emission changes outstrip the 

uncertainties. When the ABCs are considered together with the fossil fuel balance 

there is a mixture of fast and slow dynamics, and the verification times depend heavily 

on the uncertainties connected with the estimation of the ABCs (Nilsson et. al., 2000).  

3.3.4 Forest Carbon Index (FCI) 

The model was developed by Rights for Future (RFF), IIASA and Climate Advisors. It is a 

global one time model that analyzes the potential of every piece of land on Earth to 

combat climate change by storing carbon in forests, whether existing or newly planted.  

Its main objectives were to illuminate geography of potential forest carbon, estimate 

forest carbon costs, quantities, and revenues and act as a powerful tool for policymakers 

and market players. It is based on geospatial analysis that estimates each nation’s 

potential to attract forest carbon investment based on profit potential and country-

specific risk factors.  

It uses a hybrid of stock and flow approach to predict the geography of supply. The 

datasets required are on forest activities (including both REDD and A/R), risk factors 

such as country governance, ease of doing business, and readiness. The framework is 

represented in Figure 3.5. It provides insight at the global, national, and local levels for 

all countries with forest carbon potential and models the most likely policy and market 

conditions. It does both qualitative and quantitative analysis (Deveny et. al., 2009). 
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Figure 3-4: FCI Framework 

 

Source: (Deveny et. al. (2009) 

The results are presented in maps to illustrate the potential geography of forest carbon 

and in tables to show the estimated costs, quantities, and revenues from forest carbon. 

It is depicted at two scales (i) the country scale where the  investment strategy and 

potential is highlighted and (ii) the local scale which demarcates the investment 

opportunities in terms of REDD and A/R (Deveny et. al., 2009). 

3.3.5 Climate Change-Terrestrial Adaptation and Mitigation in Europe (CC-

TAME) 

CC-TAME is the outcome of three year project executed by IIASA from 2008-2011 for 

European Union (EU). It is based on Policy-model-data fusion concept that assesses the 

impacts of agriculture, climate, energy, forestry and other associated land-use policies 

considering the resulting feed-backs on the climate system in the EU.  All policy models 

in CC-TAME are data and technology rich bottom-up models, which are fed by 

information from plot level simulation “experiments” which guarantees robustness of 

results and will illustrate the impacts and efficiency of policies on various levels of 

aggregation both in terms of economic impacts and on the concrete place specific 

concrete management practice.   

The concept of CC-TAME as represented in Figure 3.6 is to model explicit land use on 

farm/forest management practice level taking into account the emerging technological 

changes in the land-use sector and its associated industries. CC-TAME combine regional 

climate models with biophysical ecosystem models, which are rich in technology 

representation, with bottom-up type economic sector models.  
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Figure 3-5: Concept and dataset  

 
Source: (Obersteiner, and Kraxner (2011) 

The bottom-up approach on the farm/forest management practice level to full fledged 

sector analysis allows the CC-TAME consortium to assess “The efficiency of current and 

future land-use adaptation and mitigation processes” on various levels: (i) Land-use 

practice (fertilization, tillage, thinning etc…) (ii)  Land-use change (e.g. bioenergy 

potential) (iii)  Economic efficiency (cost minimization) – economic potential and 

competitive economic potential (iv)  Efficiency of policy instruments (e.g. subsidies, 

auctioning of environmental services, taxes) (v) Effectiveness with respect to political 

implementability and acceptability. Particular policies to be analysed include those 

aimed at enhancing or preserving carbon stocks (national implementation of incentives 

provided by the Kyoto Protocol, for example), enhancing the use of bioenergy 

(Renewable Electricity Directive, Liquid Biofuels Directive, in the future a Renewable 

Heating and Cooling Directive) as well as policies aimed at reducing non-CO2 green 

house gas (GHG) emissions (CH4, N20) from agriculture (Obersteiner, and Kraxner, 

2011).  
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3.3.6 Global Biomass Optimization Model (GLOBIOM) 

 GLOBIOM is a recursive dynamic partial equilibrium model that integrates the 

agricultural, bio energy and forestry sectors and presents policy advice on global issues 

concerning land use competition between the major land-based production sectors. It 

optimizes the biomass from three sectors i.e. forestry, agriculture and bioenergy.  

It is a graphic user interface based models that covers the earth with basic resolution of 

27 regions.  The input data comprises of  base year supply and demand quantities, 

prices, tariffs input use, crop, forest and livestock productivities, related environmental 

parameters (GHG, nitrogen leaching) as illustrated in Figure 3.7. The results are in 

terms of exogenous baseline parameters - e.g.  GDP and POP projections, human diet 

structure, projected bioenergy demand and forward looking scenario and sensitivity 

analysis results comprise of land use, land use change, land use management, livestock 

management, GHG emissions, projected prices, demand and supply quantities of inputs 

and outputs, trade flows (Havlík et. al., 2008). 

Figure 3-6: Framework 

 

Source: http://www.iiasa.org.at 

So far, the models have been discussed based on their framework and overall objective.  

Table3.4 and 3.5 presents meta-analysis of the models considered in the previous 

section based on the published documents. It is a cross comparison of all the models 

with respect to their interest to present study / study description; region/scope 
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objectives; output; developing partners; time taken to develop/date of release; 

software/technology used; dataset; carbon sources considered; description; limitations; 

model execution and Carbon values/ results represented separately in Table 3.5.  
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3.4 Meta-Analysis of Models:  

Table 3-2: Meta-analysis of Models 

S. 
no 

Attributes 
for 
Comparison 

CBM-CFS3 V1.0 CAMFor V 3.35 R-FCA  CC-TAME FCI GLOBIOM 

1 Interest to 
present study 
/ Study 
description 
 

Carbon modelling for 
partial pools based on 
forest inventory 

It is a sophisticated 
spreadsheet tool 
developed to assist 
in carbon masses in 
forest stands and 
forest estates. 

A full carbon account that 
encompasses and integrates all 
carbon-related components. 
FCA is essential both as the legal basis 
for compliance with the Kyoto 
Protocol and as the only mechanism 
for assessing the uncertainties in 
carbon accounting 
 

It is a policy-model-
data fusion concept that 
couples biophysical-
climate-human system. 
It is a multi-model 
approach.  

Integrated model. 
Index is based on 
quantitative and 
qualitative analysis.  

A model integrating 
agriculture, bioenergy 
and forestry sectors 
with focus on policy 
advice. 

2 Region/scope 
 

Canada Australia Russia European Union Global Global with basic 
resolution for 27 
regions 
 

3 Objectives 1. To meet the 
operational-scale forest 
carbon accounting 
needs 
stand- and landscape-
level modelling 
framework 
2. To estimate forest 
carbon stocks, changes 
in carbon stocks, and 
emissions of non-
CO2 greenhouse gases in 
Canada’s managed 
forests under UNFCCC 
and Kyoto Protocol.  

1. Calculates the 
carbon flows 
associated with 
a stand of trees, 
including the wood 
products made 
from wood 
harvested from that 
stand. 

1. To calculate a more complete 
carbon balance for Russia than has 
been produced by previous attempts, 
based on spatial inventories, and re-
estimate crucial indicators of the 
carbon account; 
2. To use the Russian FCA as a case 
study to identify and illustrate 
uncertainties in determining the 
carbon balance; 
3. To use the Russian case study as a 
tool to identify important policy issues 
to be considered by policy makers at 
different levels and by the United 
Nations Framework Convention on 
Climate Change (UNFCCC); and 
4. To identify important policy-

An assessment of the 
efficiency of current 
and future land use 
adaptation and 
mitigation processes 
and identification and 
quantification of the 
adaptation induced by 
policies. Thus, to 
quantify (scenario 
analysis), understand 
(attribute through 
modelling), predict and 
assess the impact of 
policies on the 
evolution of land use 
processes.  

The FCI combines the 
best available data and 
methodological 
approaches to achieve 
two specific 
objectives: 
(i) Illuminate 
geography of potential 
forest carbon, and (ii) 
estimate forest carbon 
costs, quantities, and 
revenues to combat 
climate change by 
storing carbon in 
forests, whether 
existing or newly 
planted. 

A global recursively 
dynamic partial 
equilibrium model 
integrating the 
agricultural, bioenergy 
and forestry sectors 
with the aim to give 
policy advice on global 
issues concerning land 
use competition 
between the major 
land-based production 
sectors. 
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S. 
no 

Attributes 
for 
Comparison 

CBM-CFS3 V1.0 CAMFor V 3.35 R-FCA  CC-TAME FCI GLOBIOM 

relevant research tasks for the future 
with respect to carbon and 
greenhouse gases 
 

 

4 Output 
 

Graphs showing the 
change in various pools 
of the carbon as per 
simulation conditions.    
help forest managers to 
meet carbon-related 
criteria and indicator 
reporting requirements 
of provincial and 
territorial governments, 
sustainable forest 
certification 
organizations 
and  the Kyoto Protocol  
(The Kyoto Protocol  to  
the Convention on 
Climate Change 
1992). Enables for better 
forest planning and 
management 

Graphical and 
tabular 
representation of 
the carbon changes. 
The graphs can be 
modified as per the 
MS Excel features.   

1. The study has estimated changes in 
the full flux balance for the period 
1990–2010 for Russia.  
2. It has also developed three 
emissions scenarios reflecting 
different assumptions regarding 
Russia’s GDP growth in relevance with 
Kyoto Protocol. 
3. It has also highlighted the 
uncertainties involved in the carbon 
full accounting. 
 
. 

A technologically 
explicit bottom-up 
approach on the 
farm/forest 
management practice 
level to full-fledged 
sector analysis allows 
the CC-TAME 
consortium to assess 
"The efficiency of 
current and future 
land-use adaptation 
and mitigation 
processes" on various 
levels: 
(i)Land-use practice 
(fertilization, tillage, 
thinning etc.) 
(ii) Land-use change 
(e.g. bioenergy 
potential) 
(iii) Economic 
efficiency (cost 
minimization) - 
economic potential and 
competitive economic 
potential 
(iv) Efficiency of policy 
instruments (e.g. 
subsidies, auctioning of 
environmental services, 

1. The results are 
presented in maps to 
illustrate the potential 
geography of forest 
carbon and in table s 
to show the estimated 
costs, quantities and 
revenues from forest 
carbon.   
2. The FCI also 
demonstrates that a 
new forest carbon 
commodity market 
could be large and 
would have a 
significant economic 
impact on many 
participating 
countries.  
 

1.A table (country, 
region  resolution), or 
as a map (10x10 km 
resolution) 
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S. 
no 

Attributes 
for 
Comparison 

CBM-CFS3 V1.0 CAMFor V 3.35 R-FCA  CC-TAME FCI GLOBIOM 

taxes) 
(v) Effectiveness with 
respect to political 
implement ability and 
acceptability 
 

5 Developing 
partners 
 

The carbon accounting 
team (CFS-CAT) of 
Natural Resources 
Canada’s Canadian 
Forest Service, in 
partnership with the 
Canadian Model Forest 
Network (CMFN) 

The tool has been 
developed at the 
Australian 
Greenhouse Office 

The Forestry Project (FOR) at IIASA in 
cooperation with a network of 
Russian partners.  

IIASA and international 
consortium  composed 
of 16 multi-disciplinary 
science partners  
 

Resources For the 
Future (RFF), IIASA 
and Climate Advisors  

Forestry Program 
(IIASA), Department of 
Economics and Social 
Sciences (BOKU), 
Sustainability & Global 
Change Research Unit 
(Hamburg Univ.) 
Soil Science & 
Conservation Research 
Institute (SSCRI) 
 

6 Time taken to 
develop/date 
of release 
 

1990 onwards 
functional (CBM-CFS2) 
the base model. CBM 
CFS3 was consequently 
developed in 2007.  
 

Version 3.35 was 
released in 2000 

Calculations for the period of 1990-
2010. The project has operated in 
Russia since the mid-1980s, 

2008 — 2011. December 2009 2008  

7 Software/tec
hnology used. 
 

GUI based software 
developed by EESA 
 
Data import compatible 
with models : Remsoft  
Spatial Woodstock™ 
Strategic  Forest 
Management Model©  
and user-  
developed data files 

An integrated 
spreadsheet  like 
GORCAM with 
conceptual 
foundations in 
a public domain 
FORTRAN program 
called ‘CO2Fix’ 
developed specially 
for carbon 
accounting for 
Australian forests. 

A system of geo-referenced 
descriptions of the environment and 
land of Russia 

GIS + customized 
software  
 
Models used are:  
1. Regional Climate 
Modelling: REMO 
2. Biophysical 
Modelling of 
Agricultural Systems : 
EPIC, DNDC, Sundial / 
RothC, SWAT, 
 GOTILWA+  

GIS based  model  
Existing forest carbon 
content model:  net 
primary productivity 
model, forest carbon 
quantity model , forest 
growth model, A/R 
quantity model, REDD 
quantity model , 
Forest carbon cost 
model, forest carbon 
profit potential model 

Optimization Model is 
based on the (FASOM 
structure), EPIC 
(Environmental Policy 
Integrated Climate 
Model) and G4M  
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S. 
no 

Attributes 
for 
Comparison 

CBM-CFS3 V1.0 CAMFor V 3.35 R-FCA  CC-TAME FCI GLOBIOM 

 3. Economic Modelling: 
FAMOS & PASMA, 
AROPAJ, CAPRI 
4. Regionalized forest 
sector models: EU and 
Global FASOM  
BEWHERE 
5. Global Forest Model 
GFM 
Prospective Outlook on 
Long-term energy 
Systems (POLES), 
Price-driven and agent-
based simulation of 
markets energy system 
models (PRIMES) , 
Regional Air Pollution 
Information and 
Simulation (RAINS)  
 

8 Dataset 
 

1. Forest inventory  :  
stand  identifier,  
administrative  unit,  
ecological  
region, ownership , area, 
age, species, forest type,  
volume, last disturbance 
type, growth and yield  
2. Volume-to-Biomass 
Conversions: 
information of natural 
disturbances and 
management actions, 
and changes to growth  
and yield 

Decomposition, 
turnover, 
humification and 
growth data on  
1. Trees (stem, 
branches, bark, 
leaves and twigs, 
roots) 
2. Debris (Decay 
pool, dead wood 
and litter) 
3.  Soil ( Humus, 
inert pool)   
4. Products ( bio-
fuel, pulp, paper, 

1. The information sources can be 
divided into two groups. (i) First 
group consists of integrated GIS 
products based on different thematic 
maps with related databases.(ii) 
Second group  databases include 
modified and formalized legends and 
attributes from scientific publications, 
archives, surveys and specific field 
measurements with a a number of 
attributive databases, which are not 
directly related to a definite GIS 
component (e.g., State Forest Account 
[SFA], terrestrial vegetative 
production, etc.), but are geo-

The dataset 
requirement is model 
based and as CC-TAME 
harmonizes and aligns 
with other models.  

Carbon pool data, data 
on human 
encroachment for the 
site, distance to 
transportation 
infrastructure, 
topography, 
population density, 
carbon supply curves 
for each country, 
opportunity costs of 
the land, global land 
cover map, World 
Bank Governance 
Index, Ease of Doing 

1. All model 
parameters: (base year 
supply and demand 
quantities, prices, 
tariffs 
input use, crop, forest 
and livestock 
productivities, 
related environmental 
parameters (GHG, 
nitrogen leaching)) 
2. Exogenous baseline 
parameters: (GDP and 
POP projections, 
human diet structure, 
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S. 
no 

Attributes 
for 
Comparison 

CBM-CFS3 V1.0 CAMFor V 3.35 R-FCA  CC-TAME FCI GLOBIOM 

packing wood, 
furniture, 
fiberboard, 
construction, mill 
residue)  

referenced tools.  
2. The datasets were developed for ; 
vegetation, Soil land categories, 
degradation, Physiographic map, 
landscape map, administrative map, 
eco-region map, forest map, state land 
account, state forest account, land 
class map, bio-productivity database.  
 

Business Index by 
World Bank, ease of 
doing business by WB 
FCPF and Woods Hole 
research Centre and 
data on remote 
sensing capacity, 
environmental market 
experience. Forest loss 
data 
 

projected  
bioenergy demand) 
3. Spatial database: 
(from 10x10 km, 
through COUNTRY 
level, to REGIONs  
representing 
aggregates of 
countries)  

9 Carbon 
sources 
considered 

 Carbon pool considered: 
Above ground biomass: 
foliage, branches, tops, 
and sub merchantable-
size tree biomass, 
merchantable wood, 
snag branches, snag 
wood.   
branches,  
Below ground: coarse 
roots , fine roots  
Soil: fast and slow 
decomposition  
Floor: dead wood and 
organic matter, litterfall 
 

Carbon Pool:  
Biomass (stem 
wood, branches, 
bark, fine and 
coarse roots, leaves 
and twigs) 
Soil (organic matter 
and inert charcoal) 
Debris (coarse and 
fine litter, slash, 
below ground dead 
material) 
 Products (waste 
wood, sawn timber, 
paper, biofuel, 
reconstituted wood 
products).  

A) Carbon pool: Phytomass 
Coarse woody debris, coarse roots 
litter, fine roots litter, on ground litter, 
organogenic soil carbon, humus, 
mineral carbon. The above ground 
biomass disturbed, converted to 
charcoal, harvested. Degradation of 
soil.  
2. The above pools in forests, 
agriculture and energy and industries.  
3. Processing of the wood to long lived 
products, medium lived products, 
short lived products and landfills. 
B) Carbon flux: interactions of the 
above pools with lithosphere, 
hydrosphere and atmosphere  
2. Carbon Pools and fluxes in soils, 
terrestrial biota, agricultural products, 
animal husbandry, forest products, 
and the energy sector , hydrosphere, 
lithosphere and atmosphere have been 
considered. These pools and fluxes 
illustrated cover more than 99% of the 
total known carbon amount.  

 Forest carbon 
stock/Carbon pool 
considered: Above 
ground biomass,  
Below ground, Soil, 
Forest floor  
Forest degradation 
data.  
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S. 
no 

Attributes 
for 
Comparison 

CBM-CFS3 V1.0 CAMFor V 3.35 R-FCA  CC-TAME FCI GLOBIOM 

10 Description   1. Forest carbon is used 
as an indicator for forest 
planning. 
2. It is an aspatial model 
3. It performs both 
stand-level and 
landscape-level 
simulations. 
4. At the stand level the 
model simulates 
ecosystem carbon 
dynamics such as 
growth,  litterfall, 
decomposition, and the 
impacts of management 
and disturbances. At the 
landscape level the 
model selects and 
schedules stands for 
management actions and 
natural disturbances. 

1. Calculates 
the carbon in the 
various tree, debris, 
soil and product 
components, and 
the carbon 
exchanged with the 
atmosphere, for 
several hundred 
years – through 
thinnings, multiple 
rotations, and fires 
2. This model can 
integrate 
information from a 
range of alternate 
sources including 
user input, default 
parameters and 
third party model 
outputs to calculate 
the carbon flows 
associated with a 
stand of trees and 
the wood products 
derived from 
harvests of that 
stand.  
2.CAMFor is 
essentially driven 
by the annual 
increment of stem 
volume or 
aboveground 

1. The analyses followed an ecosystem 
approach.  In this approach the full 
landscape is considered i.e. energy and 
industry, forests, non-forests, 
wetlands, agriculture for carbon 
accounting.  
2.   The FCA of terrestrial vegetation is 
considered as an open system with 
irreversible flows of carbon to the 
hydrosphere and lithosphere 
(sediments). These fluxes are taken 
out of the atmosphere /terrestrial 
ecosystem for a period of time 
corresponding to the geological scale. 
The same assumption is made for 
charcoal. The dynamics of terrestrial 
pools and fluxes depend on inter 
seasonal weather variability, climate, 
and disturbance regimes, among other 
factors.  
3. An FCA system has the advantage 
that it identifies some possible biases, 
which may be ignored under partial 
carbon accounting (PCA), the 
approach recommended by the Inter-
governmental Panel on Climate 
Change (IPCC) 
4. To ensure relevance to the Kyoto 
Protocol, IIASA sought to determine 
the absolute changes between 1990 
and 2010. However, this exercise 
includes all changes, many of which 
currently are not eligible according to 
the Protocol.  
5. It has quantified uncertainties and 

1. All policy models in 
CC-TAME are data and 
technology rich 
bottom-up models, 
which are fed by 
information from plot 
level simulation 
“experiments” which 
guarantees robustness 
of results and will 
illustrate the impacts 
and efficiency of 
policies on various 
levels of aggregation 
both in terms of 
economic impacts and 
on the concrete place 
specific concrete 
management practice. 

1. The FCI is a 
powerful tool for 
policymakers and 
market players 
because it achieves 
objectives by 
employing the most 
relevant sets of 
conditions. These 
include(i) Forest 
activities: 
Incorporates both 
REDD and A/R (ii )  
policy relevance: 
Models the most likely 
policy and market 
conditions (iii) Scale: 
Provides insight at the 
global, national, and 
local levels for all 
countries with forest 
carbon potential (iv) 
risk factors: explicitly 
accounts for risk 
factors such as 
country governance, 
ease of doing business, 
and readiness (v) 
Geography: Uses a 
hybrid of stock and 
flow approach to 
predict the geography 
of  supply 
 

1. GLOBIOM is a spatial 
price 
equilibrium model. 
This kind of model is 
particularly useful for 
the prediction of 
commodity trade flow 
patterns between 
spatially separated 
supply and demand 
markets. It is assumed 
that goods are 
homogenous and that 
markets are perfectly 
competitive. 
2. The land use 
considered in 
GLOBIOM are forests, 
crops, livestock and 
others on land which 
has a fixed production 
factor.  
3. The Local 
interdependencies 
Synergies or conflicts 
between different 
environmental effects 
(GHG emissions, water 
consumption, 
biodiversity) and 
social effects. 
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biomass 

 Carbon is tracked in 
pools which are 
tracked through 
thinning, fires and 
over multiple 
rotations. 
3. It computes 
carbon masses in 
computes carbon 
masses in tonnes / 
hectare over the life 
of the stand.  
 

laid out the nature of the uncertainties 
involved in developing an FCA. 
 

11 Limitations  1. It is not possible to 
simulate time steps of 
less than 1 year. 
2. Peatland carbon 
dynamics are not 
accounted as little is 
known about impacts of 
management, 
disturbances, and 
climate change on 
fluctuations in water 
tables 
3.  It can  simulate  the  
effects  of temperature 
changes on 
decomposition rates  but 
it does not address the 
impacts of changes in 
precipitation on 
decomposition 

Flux is not taken 
into consideration.  

1. Through the quantified results it 
was demonstrated that it is essential 
to develop new methods for assessing 
the uncertainties in the carbon 
account; otherwise, it is impossible to 
present reliable policy 
recommendations with respect to 
carbon accounting and management. 
Thus uncertainty execution for FCA 
was not done.  
2. They are not reliable for aggregated 
estimates of large territories because 
(i) the number of sites measured was 
small, (ii) the results depend strongly 
on site and seasonal weather 
conditions, and (iii) the impacts of 
disturbances are not taken into 
account. 

The model is confined 
to EU only 

1. The FCI does not 
account for soil 
carbon, and yet the 
quantity of carbon in 
the soil can vary 
significantly across 
different eco-regions. 
2. Transaction costs 
are left out of the cost 
models, and yet they 
can play a significant 
role in determining 
the cost of generating 
forest carbon. 
Transaction costs 
come in two general 
forms: project-level 
transaction costs and 
country or regional 
administrative costs. 
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4. It also does not 
address the impacts of 
climate change on forest 
growth. 
5. The impacts of climate 
change on disturbance 
regimes is also not 
predicted 
6. Insect disturbances 
that cause reductions in 
growth rates cannot be 
modelled.   
7. The carbon dynamics 
of the forest products 
sector are not explicitly 
modelled.  
8. Carbon flux is not 
accounted.  

12 Model 
execution 

 1: The pre processing of 
the data takes place for 
the data imported/user 
defined is parsed and 
converted. This data is 
stored in input database.  
2. User then defines the 
time line of simulation, 
and assumptions 
(climate, natural 
disturbances, dead 
organic matter turnover, 
growth, volume to 
biomass, forest 
management actions)  
3. For  the  
implementation  of  

1.  CAMFor 
calculates the 
carbon masses and 
carbon mass 
increments for a 
'group' of stands, in 
which each stand 
has the same 
management regime 
and species (and 
hence are in the 
same CAMFor 
workbook). 
CAMForEstate adds 
up the carbon 
masses and carbon 
mass increments of 

1. FOR applied the methods described 
in an earlier IIASA study to estimate 
the verification times for the changes 
in four types of accounts: fossil fuel 
balance, atmosphere and ecosystem 
balance (excluding fossil fuels), total 
flux balance (including fossil fuels), 
and Kyoto mimic (fossil fuels with 
anthropogenic biospheric changes 
[ABCs]). The analysis assumed that all 
ABCs were eligible under the Kyoto 
Protocol. 
2. Auxiliary models used for FCA are 
(i) Forest Phytomass Models; (ii) A 
system of models for growth and 
productivity ; (iii) Models of 
Agricultural Productivity (including 

The concept of CC-
TAME is to model 
explicit land use on 
farm/forest 
management practice 
level taking into 
account the emerging 
technological changes 
in the land-use sector 
and its associated 
industries.  
A) Modelling 
 1. Regional Climate 
Modeling:  assess the 
climate change impact 
on land use as well as 
the feedback of land 

1. FCI scores are set to 
a scale of 0 to 100, 100 
a best score in the 
world. These scores 
are untiless and 
therefore provide only 
a descriptive 
comparison across 
location.  
2. FCI = Profit 
Potential × Risk 
Factor; these two 
metrics that comprise 
the FCI are also 
aggregate measures. 
3. Profit Potential = 
Profit Margin × 

1. GLOBIOM is a 
bottom-up partial 
equilibrium model of 
total land use.  
2. G4M uses 
endogenously 
calculated information 
from the GLOBIOM 
model. 
3.  The GLOBIOM  
model determines 
equilibrium 
commodity prices,  for 
both the agricultural 
and forest sectors, 
matching supply 
quantities with 
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Kyoto  Protocol  
accounting,  information  
on  the  changes  
in  land-use  from  forest  
to  non-forest  
(deforestation)  and  
from  non-forest  to  
forest  
(afforestation or 
reforestation) since 
1990 is also required 
from the user. 
4. Processing: to run the 
scenarios and simulate 
growth and yield 
succession.  
5. Output: creates graphs 
by year and enables 
comparison by year 
across simulations and 
projects.  
  
 

each of its inputs; 
each input is either 
a group of stands 
described by a 
CAMFor workbook 
or an estate 
described by a 
CAMForEstate 
workbook. Thus 
CAMFor Estate 
workbooks can be 
used to assemble an 
estate of stands with 
any mix of 
management 
regimes and species 
2. Four key carbon 
movements are 
modelled over time 
to derive the 
estimates for carbon 
masses in a stand: 
C1 - Carbon 
movements during a 
year (no harvest, 
thinning or fire) 
C2 - Carbon 
movements due to 
harvest or thinning 
C3 - Carbon 
movements in a 
stand-replacing fire 
C4 - Carbon 
movements in 
regenerating (crown 

crop and livestock production and soil 
degradation development)  
3. Pools:  
(i) Primary soil pool: The total organic 
(organogenous and organic-mineral 
compounds) and mineral (carbonates 
and calcareous rocks) soil carbon pool 
(SCP) based upon the soil reference 
profiles and soil type areas as 
measured from the SOIL map, which 
was overlayed with the bioclimatic 
zone map. To understand the land use 
effect on soil carbon the soil 
degradation (DEG) database was 
overlayed on the SCP.  
(ii) Terrestrial Biota: Two principal 
methods were used for the 
calculations of the vegetation pools; 
(1) VEG database approach, and (2) 
approach based on data of agriculture 
statistics (for agricultural land) and 
forest inventory (for forests) 
By VEG database, phytomass C pools of 
land class, unit of spatial aggregation 
(administrative region, bioclimatic 
zone were calculated for all land 
classes.  
Agricultural phytomass  includes 
croplands and pastures (including 
perennial crops)  
Forest phytomass: was estimated for 
closed forests (forested areas) by 
bioclimatic zones and major tree 
species using SFA and Forest maps. 
Wetland phytomass and Grassland and 

use changes on the 
simulated climate 
2. Biophysical 
Modelling of 
Agricultural Systems:  
to analyse production 
and environmental 
impacts of agricultural 
systems (e.g. crop 
residue systems, crop 
rotations, agro-forestry 
and grazing systems, 
precision farming), bio-
energy systems, and 
other non-forest land-
use systems (e.g., 
wetlands) at plot, 
watershed, and EU27 
scales. Agricultural and 
bio-energy systems are 
assessed with respect 
to multifunctional 
agriculture exhibiting 
trade-offs in 
externalities of 
mitigation and 
adaptation strategies. 
3. Biophysical 
Modelling of Forest 
Ecosystems:  
A multi-model 
approach will be 
utilized to bridge 
various temporal and 
spatial scales and 

Quantity of Credits ;  
Profit potential 
combines a set of 
economic and 
biological information 
about a location to 
estimate the profit 
margin per credit and 
the quantity of credits 
for a given location. 
Profit potential 
combines a set of 
economic and 
biological information 
about a location to 
estimate the profit 
margin per credit and 
the quantity of credits 
for a given location.  
4. Risk = (Governance 
× 0.4) + (Ease of Doing 
Business × 0.4) + 
(Readiness × 0.2) ; 
The risk factor 
combines governance, 
ease of doing business, 
and readiness to 
capture a broad range 
of different potential 
market barriers. Risk 
is only calculated at 
the country level due 
to data constraints.  
5. Three policy 
scenarios are created 

demand quantities for 
regional aggregates 
accounting for  
interregional trade. 
 4. Population and GDP 
trajectories are 
exogenous to 
GLOBIOM driving basic 
demand for forest 
products and 
agricultural 
commodities. 
 5. In the G4M model 
the prices for each grid 
are estimated by 
multiplication of the 
grid’s prices for the 
base year and 
respective price 
changes for the 
respective region of 
the GLOBIOM model. 



Analyzing Forest Carbon Accounts for Sustainable Policy Options with Special Reference to Livelihood Issues 

49 
 

S. 
no 

Attributes 
for 
Comparison 

CBM-CFS3 V1.0 CAMFor V 3.35 R-FCA  CC-TAME FCI GLOBIOM 

and ground) fire. 
2.  A sensitivity 
module has been 
developed to assist 
examination of the 
important 
assumptions and 
inputs. 
3. Stem volume 
rather than biomass 
is typically used 
because many of the 
productive forest 
growing areas in 
Australia have 
existing models that 
can predict the stem 
volume growth. 
4. Bole Stem volume 
growth models 
typically use a 
measure or estimate 
of site index (height 
of the tallest trees at 
a nominated age) as 
an input parameter 
and this is a 
potential source of 
error if the stand is 
less than the 
nominated age. 
5. This balance of 
errors can be 
modelled by 
introducing a 

shrub phytomass were estimated by 
identifying the major species and 
deriving their carbon percentage 
multiplied with area.  
(iii) below-ground dead vegetation: 
below-ground dead vegetation organic 
matter (below-ground mort mass) by 
using methods corresponding to the 
phytomass calculation. 
(iv) The agricultural products pool is a 
subdivision of the agricultural 
phytomass pool. 
(v)A separate study was conducted for 
forest products carbon pool.  
4.  Fluxes :   
(i) soil flux : Soils interact with the 
atmosphere, biosphere, hydrosphere, 
and lithosphere through the exchange 
of energy and/or substances. Organic 
transformation processes, such as 
decomposition of organic matter 
generated by photosynthesis together 
with the mineralization and formation 
of humus, are the major actors in 
carbon turnover within an ecosystem. 
These transformations of organic 
matter could be associated with 
carbon in an ecosystem.  The 
calculations of gas (CO2,CH4) 
emissions are based on soil areas 
derived from GIS characteristics and 
measured mean daily flows excluding 
live root and microbe respiration. 
Humification was calculated by 
humification coefficients taken from 

provide a consistent 
modelling framework 
to cover responses to a 
changing climate as 
well as to alternative 
management practices. 
Mature, intensively 
tested plot/stand level 
process-based forest 
models from different 
bio-geographical 
regions (boreal, 
Mediterranean, 
temperate and alpine) 
will be used for 
calibration of a 
continental scale model 
with sufficient 
flexibility while 
providing 
computational 
efficiency and low input 
data requirements 
which is a necessity at 
such scale. 
4. Economic Modelling: 
In order to integrate 
the results of the 
biophysical models to 
the economic 
framework, the 
economic models used 
in the project need to 
apply compatible 
definitions with regard 

for the FCI that 
capture two different 
policy-relevant time 
periods and two 
carbon-crediting 
systems (i) reference 
(ii) ex-ante and (iii) 
long-term compliance 
6. Across each of the 
policy scenarios, 
policy constraints are 
imposed. The 
constraints are price 
constraints, non-
permanence risk 
buffer, and 
additionality 
threshold and quantity 
limits.  
7. The FCI captures the 
capacity of both REDD 
and A/R activities to 
serve as cost-effective 
climate change 
mitigation activities. 
8. The methodology in 
FCI is taken from 
Verified Carbon 
Standards (VCS), one 
of the forest carbon 
certifiers within the 
voluntary carbon 
market.  
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negative correlation 
between 5-year 
periods. Stem 
biomass is 
estimated from 
volume by a wood 
density (basic) 
constant, and 
carbon is estimated 
from biomass by a 
carbon content 
constant. 
6. CAMFor models 
the gross increase in 
the bark, branch, 
leaf, twig and root 
pools as an age 
dependent increase 
relative to the 
increase in the 
stem.  
7. The calculation 
cells in CAMFor can 
be easily aggregated 
to determine the 
expansion factor 
and root: shoot 
ratios from the 
individual above- 
and below-ground 
pools. Variations in 
the relative increase 
of the pools were 
introduced for the 
sensitivity studies. 

publications and according to 
bioclimatic zones. Dissolved organic 
and mineral carbon soil interflows 
were calculated from average 
concentrations of soluble organics 
found through lysimeter 
measurements. The amounts of 
penetrating water were calculated by a 
simplified water balance model 
and based on Leemans and Cramer 
(1991) and associated with soil GIS 
areas. Estimation of agricultural fluxes 
follows the IPCC manual (IPCC, 1997). 
The fluxes were linked with 
corresponding GIS estimates and with 
statistical data on land accounts and 
other factors. The flow of the DOS from 
soils of Russia considers organics 
carried by river flows (surface runoff) 
and by interstitial water of 
soils or migrated soil solutions. 
Fluxes in Terrestrial Biota: NPP 
methods – For all land classes 
(excluding forests, cropland and 
pastures) estimations were made by 
using a unified model with average 
NPP data for the same fractions and 
classification units as for phytomass. 
For cropland and pastures we 
assumed an annual life cycle, i.e., 
production was assumed to be equal 
to phytomass. Fluxes caused by 
disturbances in forests in which the 
disturbance ρ (fire, infestation by 
insects and diseases, harvest, abiotic 

to land use options and 
land (agricultural and 
forestry land) 
management policies 
considered and with 
regard to resource and 
product scopes. The 
harmonization criteria 
for different models are 
then implemented.  
 The models are then 
linked with the site 
specific farm and 
forestry models.  
5. Lastly financial 
theory modeling is 
agriculture and forestry 
sector is run which 
compare the outcome 
with the strategies 
suggested by the 
deterministic models 
and consider what the 
implications would be 
at the aggregate market 
level. 
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8. CAMFor can 
model changes in 
soil carbon or can 
import soil carbon 
data from an 
external source. 
9. CAMFor imposes 
a simple assumption 
that a constant 
proportion of the 
products will decay 
each year and 
release carbon back 
into the 
atmosphere. 

impacts.) generates the total carbon 
flux TCFρ,t1 during a year t1 (for 
annual time steps) (Shvidenko and 
Nilsson, 2000) . Disturbances of 
wetlands, grasslands and shrubs were 
also calculated. Fluxes from products 
of land management sector were 
calculated which included  assessment 
of harvested products, Amount of 
fodder carbon needed for the support 
of the livestock and livestock CO2-C 
respiration, Livestock CH4 emissions, 
emissions in manure and liming.  
Flux from forest products: (historic 
and current); fuelwood consumption 
(domestic, industrial).  
Energy and Other Sector Fluxes: 
employed a number of different 
models. The starting point was 
population growth and per capita 
economic growth with empirically 
estimated equations of past economic 
and energy developments.  Then IPCC 
scenarios were run.  
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Carbon 
values/ 
results 

CBM-CFS is central model 
of the Government of 
Canada's National Forest 
Carbon Monitoring, 
Accounting and 
Reporting System 
(NFCMARS) whose major 
system outputs include 
the National Inventory 
Report and policy 
development support. 
The national inventory 
report is submitted to 
UNFCCC. The major 
carbon values are 
enlisted below.  
In 2010, the net GHG 
balance of managed 
forest land amounted to 
emissions of 68Mt. This 
estimate includes net 
emissions and removals 
of CO2, as well as N2O, CO 
and CH4 emissions from 
wildfires in managed 
forests. For the purpose 
of UNFCCC reporting, 
managed forest lands are 
divided into forest land 
remain- 
ing forest land (229 Mha, 

Part of the 
FULLCAM project 
developed for 
Australia’s carbon 
accounting.  
In 2008, removals 
associated with 
reforestation 
activities were 
estimated to be 
approximately 23 
Mt of carbon 
dioxide (based on 
forests planted 
since 1990), 
effectively 
reducing national 
emissions by 
almost 4%. 

According to FOR’s estimate, 
the total fluxes (including 
energy and industry 
sectors) in Russia were a net 
source of 527 teragrams of 
carbon (Tg C) in 1990. FOR 
developed three different 
scenarios for the period 1990–
2010, reflecting different 
assumptions regarding Russia’s 
GDP growth. According to these 
scenarios, Russia will continue 
to be a net source of carbon to 
the atmosphere with 156–385 
Tg C in 2010, including the 
emissions from energy and 
other industrial sectors.  

The useful applications for 
CCTAME are: 
 Geo-Wiki (A GIS portal 

to improve the quality 
of global land cover 
maps) 

 Google Application (A 
Google Earth layer 
(.kmz) showing the 
amount of carbon 
emitted by baseline 
deforestation from 
2000 until 2100). 
Baseline scenario 
calculations show that 
close to 200 m ha or 
around 5% of present 
forest area will be lost 
between 2006 and 
2025, resulting in a 
release of additional 
17.5 GtC. Present forest 
cover will shrink by 
around 500 m ha, which 
is 1/8 of the current 
forest cover, within the 
next 100 years. The 
accumulated carbon 
release during the next 
100 years amounts to 
45 GtC, which is 15% of 

Forest conservation and re-
growth will mitigate almost 
one Gt CO2-eq of GHG 
emissions each year from 
2013-2020 and has the 
potential to create a forest 
carbon market 
approximately USD 18 
billion per year from 2013-
2020.  
 
The total potential for 
global forest carbon stock is 
4,403 GtCO2-eq . The total 
biological potential for A/R 
CDM is a carbon stock of 
3,641GtCO2-eq , which is an 
absolute maximum 
biological potential. The 
existing carbon stock in the 
forest is 763 GtCO2-eq 
which is comparable to 
other literature estimates 
ranging from 400-1,100 
GtCO2-eq.   
 
The total cost of conserving 
all stocks below the USD 20 
market price would be USD 
2.3 million over 8 years 
period i.e. USD 293 billion 

GLOBIOM has a new 
livestock production 
module 
GLOBIOM was used 
with IIASA's G4M 
model in a new global 
analysis by the WWF, 
The Living Forests 
Report. 
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net emissions of 69 Mt) 
and land converted to 
forest land (0.09 Mha, net 
removals of 0.7 Mt) in 
2010.  
(National Inventory 
Report , 2012) 

the total carbon stored 
in forests today. 
Incentives of 6 USD/tC 
for vulnerable standing 
biomass payed every 5 
year will bring 
deforestation down by 
50%. This will cause 
costs of 34 billion 
USD/year. On the other 
hand a carbon tax of 12 
USD/tC harvested forest 
biomass will also cut 
deforestation by half. 
The tax income will, if 
enforced, decrease from 
6 billion USD in 2005 to 
4.3 billion USD in 2025 
and 0.7 billion USD in 
2100 due to decreasing 
deforestation speed.  

per year.  
 
The total quantity of forest 
carbon stocks that could be 
available under USD 10 per 
tCO2-eq is almost 
157GtCO2-eq.  
 
Forest carbon market 
projection. 
From 2013-2020, 7.3GtCO2-
eq of forest carbon will be 
available, the average cost 
will be USD 13 /tCO2-eq by 
2020. This would protect 
973,000km2 of forests over 
8 years.  
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3.5 Relevant Learning’s and Outcomes from the Meta-Analysis 

The meta-analysis of the models provides insight on the intensive data requirements to 

estimate the carbon stocks and flow of the forests It is important to mention here that 

the models analyzed above are not a perfect match to the study. They vary on (i) 

Location: the models developed are for temperate regions of the world. (ii) 

Management regime: the forest management regime followed in the models is of 

Production forestry. In such a system the value of a forest is primarily focused on the 

timber value and hence the management is for increase in timber. Species 

recommended would be fast growing and monocultures; whereas in India social 

forestry is practiced. With these shifting paradigms, the assumptions on which the 

models are built vary considerably.  (iii) Datasets: In the temperate regions extensive 

research has been conducted as also the biodiversity is limited making data available. 

(iv) Objective of the study: any one of the model do not fully satisfy the study objectives 

of this study 

Thus a site specific India Forest Carbon Model (IFCM) is being developed in the 

undertaken study which would factor in the forest, bio diversity (considered in forest 

inventory), socio-economic conditions (including livelihood options) of the site. Further 

such a model would provide a realistic representation to the forest carbon stock in 

relation to the socio-economic linkage of the forest dependent communities.  

************************ 
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CHAPTER -4 

India Forest Carbon Model/Tool 

  

KEY FEATURES 

 Spreadsheet based India Forest Carbon Model/Tool developed at household level 
 Based on the carbon consumed and the socio-economic conditions (i)  household class (economic level) ;(ii) 

education level; (iii)  livelihood options  
 Scenarios created are: 

o Baseline Scenario 
o Transition Scenario 
o Best Carbon Scenario 
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4 India Forest Carbon Model/Tool  
 

Contributing Authors: IIFM, Bhopal; IES, New Delhi and IIASA, Laxenburg, Austria 

4.1 Model / Framework  

Based upon the learnings from policy analysis to understand livelihood dependence 

scenario in India (Chpater 2) and meta-anlaysis of various global 

models (Chapter 3) a site specific India Forest Carbon 

Model/Tool was developed which demonstrates variabilities in 

the forest carbon stock by taking into account the externalities 

and the resultant impact on livelihoods of forest dependent 

communities.  

The building blocks of the model are described as follows: 

A. Existing Forest Policies and the Regulatory Regime: It provides the constraints 

under which the model runs. This includes understanding the existing legal framework, 

market mechanisms like CDM and REDD+, forest ownership status, sectoral policies and 

other policies in the project area which can have limiting or promoting effect on the 

forest carbon.   

Figure 4-1: Framework for the study 
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Source: Adapted from Carbon Budget Model of Canadian Forest Sector (CBM-CFS3) 

B. The Forest Management Regime:  

1. The forest inventory: This includes data on enumeration of the tree species, 

measurement of diameter at breast height (dbh) etc that is recorded in the 

biophysical parameters and supplemented by the working plans.  

2. The biophysical parameters: It would capture the data on the growing stock, 

age class, density class, forest type, soil type, forest cover, tree cover which has 

been documented by the forest department of the respective states and has 

been recently inventoried by the FSI, Dehradun. 

3. The working plan: These plans would be valuable source of information on 

forest management practices elaborated in its working plans. 

C. Disturbances: The forests are also prone to disturbances which would deplete 

the carbon stock. The identified sources of disturbances have been classified into 

three categories 

a) Ecological disturbance: Loss of forests due to fire, attack of insects, pests, 

diseases and impact of climate change. 

b) Social factors: Pressure exerted on the forest resources due to population 

residing in and around forests, population density, cattle density, livelihood 

requirement of local communities are considered as social disturbances. 

c) Land use change issues: such as diversion of forest area for non-forest 

purposes, encroachment, etc. 

D. India Forest Carbon Model: All the factors above get processed which 

accounts for the net change in the carbon stock of the area. It includes the overall 

stocking (obtained from the forest inventory and the management regime) less 

the leakages from the disturbances, encompassed under the policy regime of the 

state and the centre. It calculates the amount of carbon available at the village 

level for consumption and conservation. 

E. Impact on Livelihoods:  The social factors helps in identification of the 

variables on which the subsistence of the communities on the forests depends for 

example livelihood opportunities available, education level and the economic 

status.  The impact on livelihoods is both ways i.e. it can either enhance the forest 
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carbon stock or can lead to depletion. Thus the recommendations should be such 

that it enhances the stock as well as creates better livelihood opportunities. 

F. Policy Interventions and Market Interventions: With the outcomes requisite 

recommendations and suggestions can lead to establishment of PES market and 

initiation of capacity building programmes that can facilitate the market based 

mechanisms like REDD+ or A/R CDM. 

4.2 Model Input and Data Requirements 

The data list prepared below enlists the ideal dataset required for developing IFCM.  It is 

an exhaustive list out of which the data that was readily available was collected through 

the various secondary sources while detailed primary data collection was also 

conducted to collect information for the socio-economic parameters of the forest 

dependent communities of the working sites.  

Datasets  

A. Forest resource data 

1. GIS maps for the following layers 

a. Administrative boundary layer of the district that includes (i) boundary 

munara, (ii) beat boundary, (iii) compartment boundary, (iv) range 

boundary, (v) division boundary, (vi) Recorded Forest Area layer 

b. Forest type layer 

c. Forest cover layer  

2. Forest inventory data through plots laid by FSI. 

3. Working plans  

4. Data on Timber collection  

5. Forest land diversion due to  

a. Degraded land 

b. Encroached area 

c. Land use change: pasture land etc 

d. Area diverted due to  

i. Hydro electric projects 

ii. Infrastructure development like roads, schools, hospitals etc 

iii. Mining  
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iv. Other uses 

B. Socio-economic data  

1. Forest dependent communities within 5km of the forest area 

a. Socio-economic data like (i) education level, (ii) religion, (iii) social group, 

(iv) livelihood opportunities,(v) house type etc.  

b. Population dependent on forests for livelihood 

c. Data on (i)  fuel wood consumption, (ii) fodder consumption, (iii) bamboo 

usage, (iv) timber used by the communities in form of furniture’s and 

fixtures 

d. Livestock maintained  by the forest dependent community 

e. Species and Volume of timber collection 

2. Secondary literature available through the studies conducted by State Research 

Institutes, Universities or the line Departments pertaining to Forest carbon stock 

or livelihood mapping in Chhindwara or East Sikkim district.  

3. Data on population of neighbouring states sharing the forest resource. 

4. Impact of disturbance on the forests 

5. Pools of carbon-above ground, below ground, leaf litter, soil, etc. 

6. Studies at FSI in relation to livelihood and forest 

4.3 Steps of Model/Tool construct 
Data was systematically collected from the State Forest Department of Madhya Pradesh 

and Sikkim, Rural Development Department, Census Office, FSI for developing the 

model.  The data gaps identified were (i) lack to time series data (ii) lack of species wise 

data on leakages and disturbances affecting the forests like fire, illicit logging, 

encroachments, fodder, fuelwood, timber consumptions from the forests.   These gaps 

were addressed through socio-economic survey conducted for Chhindwara district 

(discussed in detail in Chapter 5).  

The collected datasets were presented at the International Institute of Applied System 

Analysis (IIASA), Laxenburg, Austria who are modelling partners for the study, for 

developing a spreadsheet based tool/model which could be used by the forest officials 

for understanding the livelihood dependence with the existing forest carbon stock; and 
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the interventions that can enhance the stock and the livelihood options. The expected 

model / tool’s interface is presented in the next section   

4.3.1 Expected User Interface/ Outputs from Model/Tool 

The model/tool would work at the household level wherein the user would select the 

three socio-economic conditions in the Baseline scenario and the Transition scenario 

(consisting of primary and secondary transitions). It would then map the change in the 

consumption of the carbon consumed from the forest and also develop a case for best 

carbon scenario where in the three conditions would self- adjust to define the highest 

carbon conservation. It is explained in detail as follows:  

Screen 1 (User Selection) 

BASELINE (User selects combination of village household class strata (economic level), 

education strata and livelihood source strata at the household level from the respective 

drop down menus that would define the baseline scenario (Category X)     

 

BASELINE OUTPUT (It would correlate the above input on socio-economic factors with 

the forest carbon data (average of all plots within 5 km radius) to the chosen category of 

all the three conditions, in terms of the total carbon consumed.  

Total Carbon Consumed Bar Chart 

 

 

 

 

 

TRANSITION SCENARIO (transition in socio-economic category) (i) User chooses a 

different level of education strata/household class strata (economic level)/livelihood 

source strata to arrive on new Category Y in the following way: 

Input choice by the user for the 
Class  

Input choice by the user for the 
Education level  

Input choice for the user for the 
Livelihood source  
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Primary Transition (One factor of the three listed below)  

  

 

Secondary Transition (Choose the two remaining variables after the first one is 

chosen) 

 

Combination of these three will form the second Category Y 

OUTPUT (All bar charts will display data for Category X and Category Y)  

Total Carbon Consumed Bar Chart 

 

 

 

 

BEST CARBON SCENARIO (depicting the best case of transition for maximum 

sequestration of the carbon near the chosen category.)  

OUTPUT (All bar charts will display data for Category X, Category Y and Category Z)  

Keeping the first variable (primary transition) constant, peruse combinations of the 

other two to depict Category Z with highest carbon stock (this shows actions to 

optimize carbon stock for each primary transition) 

Total Carbon Consumed Bar Chart 

 

 

 

 

Household Class Education Livelihood source 

Household Class / Education / Livelihood source strata (Indicates any one factor to be kept 
constant for best carbon scenario modelling)            
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4.3.2  Model/Tool Developed 

The toolkit developed by IIASA scientists based on the above design varies in scenarios. 

Figure 4.2 is the screenshot for the baseline and the transition scenario which is user 

defined as he chooses the criteria for the baseline and the transition scenario.  The 

summary text below each scenario displays the information of the number of 

households qualifying in the category defined by the conditions and the average number 

of persons in each household. The tool is based on the workbook sheet with arranged 

data in the following sequence (i) village information- name of division, village name; 

(ii) general household information- number of members, type of house, plinth area; (iii) 

socio-economic information of the house hold- religion, social group, education level of 

the respondent; livelihood option; (iv) forest consumption information- fodder, 

fuelwood, timber, bamboo consumed household wise; (v) forest carbon available to the 

village to which the household belongs.  

Figure 4-2 : Baseline and Transition Scenario Screenshot (User-Input)  

 

In Figure 4.3 the outputs are represented through bar charts as well as table for 

baseline and transition scenario. The bar graph in green compares the carbon available.  
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Figure 4-3: Output Screen for Baseline and Transition Scenarios  

 

The feature designed in the model/tool was to develop a best carbon scenario by 

keeping the primary variable as defined by the user constant. However the tool has not 

successfully captured this feature and shows a static representation of the conditions 

(economic level, education level, livelihood level) that have the maximum carbon 

available in the dataset as shown in Figure 4.4 screenshot.  

Figure 4-4: Best Carbon Scenario Screenshot  
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 The model/tool develops thus varies from the designed concept. (i) The data 

representation in the best carbon scenario is static, which should change ideally with 

the change in the user conditions. (ii) The pattern of change in the consumption should 

have been captured when baseline and transition scenarios are compared. However the 

dataset available is at one time point collected during the primary survey.  

The model/tool has been developed for Chhindwara District the details of which are 

explained in the next chapter.  

**************** 
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CHAPTER -5 

Methodology for Carbon 
Accounting and Socio-Economic 

Survey 
 

 

 

 

 

 

 

 

 

  

KEY FEATURES 

 Methodology for forest carbon accounting for the following pools 
o Above Ground Biomass 
o Below Ground Biomass 
o Organic Soil Carbon 
o Forest Floor ( dead wood, litter, herbs, climbers, shrubs)  
o Bamboo  

 Socio- economic survey methodology for 
o Fuelwood consumption 
o Fodder consumption 
o Timber (furniture and fixtures) 
o Bamboo consumption 
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5 Methodology for Carbon Accounting and Socio-Economic Survey 
 

Contributing Authors: IIFM, Bhopal and FSI, Dehradun 

The study “Analyzing Forest Carbon Accounts for Sustainable Policy Options with 

Special Reference to Livelihood Issues” has been designed to establish the forest-

livelihood linkages and its impact on the forest carbon stock for sites; Chhindwara in 

Madhya Pradesh and East district of Sikkim state.  

The forest carbon–livelihood correlation is based on extensive primary data; separated 

in two different categories (i) forest inventory (using the National Forest Inventory 

(NFI) data collected during 2002-2008, conducted by FSI) and (ii) socio-economic 

survey data focused on livelihood sources and consumption from forests for forest 

dependent communities (based on the methodology for “Production and Consumption 

of wood” conducted by FSI during 2008-09). This chapter discusses in detail the 

methodology for forest inventory, carbon accounting and socio-economic survey.  

5.1 Forest Inventory Methodology 

FSI has been conducting NFI since its inception and therefore has a large repository of 

data on forest growing stock which form the basis for estimation of carbon stock. FSI 

made the first tentative estimate of woody growing stock of the country’s forests in 

1995 using its forest inventory data collected during 1965 to 1990, thematic maps and 

forest cover information (SFR, 1995). Since then it has contributed to India’s Nation 

Communication (INC also referred as NATCOM) submitted to UNFCCC in 2004 on tier I 

approach as defined by IPCC and in 2010 based carbon stock at two points of time . 

National Forest Inventory  

Under the national forest inventory (NFI) programme, FSI has been conducting forest 

inventory since 2002. The sampling design adopted for national forest inventory is in 

two stages as shown in Figure 5.1.  In the first stage the country is divided into 

homogeneous strata, based on physiography, climate and vegetation called as 

physiographic zones and the civil districts form the sampling unit.  There are 14 

physiographic zones; Western Himalayas, Eastern Himalayas, North-East, Northern 

plains, Eastern Plains, Western Plains, Central highlands, North Deccan, East Deccan, 

South Deccan, Western Ghats, East Ghats, West coast and East coast. 
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Selected 
District 

Figure 5-1: NFI methodology 

 

 
Figure 5-2: Selected districts of a cycle 

A sample of 10 percent districts (approx. 60 districts in 

the country) as shown in Figure 5.2 distributed over all 

the physiographic zones in proportion to their size are 

selected randomly for detailed inventory of forest. In the 

second stage selected districts are divided into grids of 

latitude and longitudes which form the second stage 

sampling unit. 

For forest inventory in selected districts plots are systematically laid out in forest area 

which is indicated on topographic sheets by double dotted line, printed as RF i.e. 

Reserved forests, PF i.e. Protected forests, thick jungle, thick forest etc, shown in green 

wash and any other area reported as forest area (generally un-classed forest) by the 

local Divisional Forest Officer. 

Figure 5-3: Scanned toposheet of 1:50,000 scale 

 

 

 

 

 

 

Stage 1

•The country is divided into physiographic zones 
•A sample of 10 % districts representative of physiographic zones (in proportion 
to their size )are selected randomly

Stage 2

•Districts are divided into grids 
•Using topographic sheets  plots, are systematically laid 
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For each selected district, Survey of India (SOI) toposheets, a sample toposheet is shown 

in Figure 5.3, of 1:50,000 scale (size 15×15 i.e 15 minutes latitudes and 15 minutes 

longitudes) is divided into 36 grids of 2½×2½ which is further divided into sub-grids 

of 1¼×1¼ forming the basic sampling frame. Two of these sub-grids are then 

randomly selected to lay out the sample plots. Other forested sub-grids in the districts 

are selected systematically taking first two sub-grids as random start.  The intersection 

of diagonals of such sub-grids are marked as the centre of the plot at which a square 

sample plot of 0.1 ha area is laid out to record the measurements. Within sample plot, 

sub plots of 1m x 1m are laid out at NE and SW corner for collecting data on soil, forest 

humus.  The data on herbs and shrubs including regeneration are collected from four 

square plots of 1m x 1m and 3m x 3m respectively.  These plots are laid out at a distance 

of 30 meters from the centre of 0.1 ha sample plot in all four directions along diagonals 

in non-hilly area and along trails in hilly areas. In case of hilly areas the plot are taken 

randomly 3-10 meters away either side of the trail. 

Figure 5-4: Layout of the sample plot 

 

 

 

 

 

 

 

 

 

 

 

0.1 ha

Plot for shrubs

31.62 m
Plot for herbs

80 m

Soil sample

3m

3m

1m

1m
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At each sample plot all trees of diameter 10 cm and above were measured. The woody 

volume of trees for each sample plot was calculated using volume equations developed 

by FSI for various species. The volume equation provides above ground woody volume 

i.e. above ground volume, which includes volume of main stem measured upto 10 cm 

diameter and volume of all branches having diameter 5 cm or more. Data of specific 

gravity and percentage carbon content of most of the tree species have been obtained 

from different published literature. For few species, percentage carbon content was 

ascertained by experimentation and for remaining an average of all other species was 

used. Standard formulae were used to calculate biomass and carbon content of each 

tree.  

Carbon Accounting Module 

The main carbon pools in tropical forest ecosystems are the living biomass of trees and 

under story vegetation and the dead mass of litter, woody debris and soil organic matter 

as shown in Figure 5.5. The carbon stored in the aboveground living biomass of trees is 

typically the largest pool and the most directly impacted by deforestation and 

degradation. While living trees are growing, they continued to store carbon and 

therefore acted as carbon sinks.  

Figure 5-5: Carbon pools (IPCC GPG) 
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Table 5-1: Different forest carbon pools 

 Pools Description 

Living 
Biomass 

Above ground 
biomass (AGB) 

All living biomass above the soil including stem, stump, 
branches, bark, seeds and foliage. 

Below ground 
biomass 

All living biomass of live roots. Fine roots of less than 
2mm diameter (country specific) are often excluded 
because these often cannot be distinguished empirically 
from soil organic matter or litter. 

Dead 
Organic 
Matter 

Dead wood 

Includes all non living woody biomass not contained in 
the litter, either standing or lying on the ground. Dead 
wood also includes dead roots and stumps larger than or 
equal to 10cm in diameter or any other diameter used by 
the country. 

Litter 

Includes all non-living biomass with a diameter less than 
a minimum diameter chosen by the country (for FSI 5 
cm), lying dead, in various states of decomposition above 
the mineral or organic soil.  

Soil Soil organic 
matter 

Includes organic carbon in mineral and organic soils 
(including peat) to a specific depth chosen by the country 
(for FSI 30 cm) and applied consistently through the time 
series.   

 

5.2 Carbon Stock Methodology 

The estimates of species wise carbon content in various pools as explained above in 

Figure 5.5 including bamboo carbon are calculated from NFI data. For estimating 

volume of the bark, the double bark thickness of trees measured during forest inventory 

and volume equation of trees have been used. Using species-wise, dbh and bark 

thickness, bark volume equations were developed and were adjusted for ‘bark void 

factor’ which were utilized to estimate bark volume. With the help of the specific gravity 

of bark, the volume was converted into biomass.  Using carbon content percent of wood, 

carbon stored in bark was estimated.  

The methodology with flowcharts for each pool is explained as follows:  

5.2.1 Above Ground Biomass of branches, foliage of trees having dbh ≥ 10 cm 

The trees measured under national forest inventory (NFI) give the volume of main stem 

measured upto 10 cm diameter and volume of all branches having diameter 5 cm or 

more. It does not give the volume of main stem less than 10 cm in diameter, small 

branches, foliage, fruits and twigs. Since these components also stock carbon in them, 

their contribution in carbon stock should be accounted. This has been done by 
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developing biomass equations taking dbh as independent variable and biomass of these 

components as dependent variable for small wood and foliage. The flowchart in Figure 

5.6illustrates it further.  
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Figure 5-6: Carbon estimation for tree > 10cm dbh 
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5.2.2. Above ground biomass of trees having dbh < 10 cm 

While for trees having < 10 cm dbh, two diameters are distributed in two classes of (i) 

0-4 cm: further classified into recruits, un-established, established plants; and (ii) 4-10 

cm. Estimation of small wood and leaves, twigs and flowers is done through biomass 

equations developed through destructive sampling by FSI.  The detailed methodology 

and factors used for estimation is explained in Figure 5.7.  
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Figure 5-7: Carbon estimation for trees having <10cm dbh 
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5.2.3 Above Ground Biomass of shrubs, herbs, climbers, and biomass of dead organic 

matter (DOM: dead wood and litter) – Forest Floor 

The forest floor comprises of shrubs, herbs, climbers, dead wood and litter. Estimating 

exact biomass content (hence carbon) becomes complex as herbs, shrubs etc. at each 

inventory point is tedious and time consuming and the quantity obtained is not 

sufficient for estimation. Keeping the above in mind FSI has developed factors for each 

component of forest floor physiographic zone, forest type and density wise for the 

entire nation. For this purpose, the data of forest inventory was analyzed to ascertain 

the optimum number of plots required for each combination of forest type and forest 

density. As determined by FSI, 15 clusters of 2 sample plots for each combination 

sufficed for estimating the biomass/carbon factors with 30% permissible error.  

For the desired combinations of forest type and forest density, the exact geographical 

locations (latitude and longitude) of the optimum number of randomly selected sample 

plots were visited. Using this information, centre of sample point, three concentric plots 

of size 5mx5m, 3mx3m and 1mx1m were laid out at a distance of 30m away from the 

centre of sample point in North and South direction. In 5mx5m plot, all dead wood 

above 5 cm diameter were collected, weighed and recorded. In 3mx3m plot, all woody 

litter i.e. all branches below 5 cm diameter were collected, weighed and recorded.  All 

shrubs & climbers in 3mx3m plots were uprooted, weighed and recorded in the 

prescribed format.  In 1m x 1m plot, all herbs were uprooted, weighed and recorded.  

Dry biomass was converted to carbon stock. Thus on the basis of data collected carbon 

factors were developed for each forest type and density. 

5.2.4 Organic matter in soil  

During forest inventory, the data on forest floor (non-woody litter and humus) and soil 

carbon is also collected from each sample plot. For collecting data on humus and soil 

carbon, two sub-plots of size 1mx1m are laid out within the main plot. The forest floor 

from both the plots was first swept and material so collected was weighed and a portion 

of same was kept for carbon analysis. Further, at the center of these two sub-plots, a pit 

of 30cmx30cmx30cm was dug and a composite sample of soil of 200gm was kept for 

organic carbon analysis. Samples of soil and humus were analyzed from standard soil 
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labs and were used for the calculation. The carbon estimation steps are described in 

Figure 5.8. 

Figure 5-8: Carbon estimation for soil 

 

 
 

5.2.5 Below ground biomass 

This is the most difficult pool to measure and generally not measured in forest 

inventory.  It is being included using a relationship (usually a root-to-shoot ratio) to 

aboveground biomass which has been established by various researchers. GPG also 

provide default ratios for six major global forest types ranging from 0.18 to 0.30 which 

have been used in this study.  The factors selected were based on forest type and 

density.   

5.2.6 Bamboo 

The data collected for bamboo was collected as per the age, quality and density of the 

clumps. The methodology adopted converts the various bamboo clumps to equivalent 

green bamboo through conversion factors developed and further convert it to dry 
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bamboo stock. As per methodology carbon conversion factor is on the dry stock to 

obtain the carbon content as explained in Figure 5.9.  

Figure 5-9: Carbon estimation for bamboo 

 

 
The data collected from the above methodology enables the study team to estimate the 

carbon stock of the forests. This would represent the available carbon stock in the pools 

of recorded forest area. However the stock does not remain intact or constant all the 

time. The livelihood dependence of the communities leads to ‘leakages’ or removals of 

the carbon stock, which needs to be estimated too.  

5.3 Socio-Economic Survey  

In order to understand the leakages, the team conducted a detailed socio-economic 

survey to capture the extractions form the forests by the dependent communities. The 
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sampling design developed by FSI for one of their studies on “Wood Consumption and 

Production Study” 

5.3.1 Objective of the survey 

The main objective of the survey is to develop precise qualitative and quantitative 

information about the forest – livelihood dependencies/correlation of the local 

communities living in the forests (Recorded Forest Area (RFA) only) and its fringe areas 

(within 5 km of the RFA), specifically with context to the extractions from the forests 

projected at district level for Chhindwara in Madhya Pradesh, in order to serve data 

needs for developing IFCM tool. 

5.3.2 Methodology for socio-economic survey for Chhindwara district 

Deciding villages to be surveyed 

 Village to be surveyed as per the forest composition was decided by contacting the 

DFO(s) of the territorial and social forestry division. Camping sites were selected in 

such a manner that maximum number of sampling units can be covered from a camp in 

the minimum traverse of distance.   

The villages to be surveyed were also decided by IIFM-FSI, by stratifying the district into 

forest type and density wise.  Within these strata, representative villages were selected 

satisfying the following criteria (i) the villages would be located within 5km range of 

forest area; (ii) ability to provide information and (iii) convenience of the study.  

Maps to be used during survey 

 The latest published SOI maps on 1:50,000 scale, gray prints, or bromide prints or even 

1” = 1 mile scale maps were used during survey. The maps also temporarily borrowed 

from the local Forest Departments.  

Precision and accuracy of survey 

The results of the survey would be at precision level ± 20% at 90% probability level at 

district level.   

Survey design 
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Stratified random sampling is being employed for the survey. The district is stratified 

into 2 strata formed on the basis of forest type.  As per Champion & Seth Classification 

(1968) the following forest types are found in Chhindwara:  

1. South Tropical Dry Deciduous Teak forest- 5A/C 1b 

2. South Tropical Dry Deciduous Mixed forest- 5A/C3 

Based on the list of the villages that fall within the 5km periphery of the RFA (Recorded 

Forest Area), representative sample would be selected and accordingly a design would 

be prepared. A separate stratum of forest density would not be considered because a 

single village or sample point can access forest of different densities which would make 

the process of data collection very difficult based on the forest density. It has been 

recommended that covering the forest type stratum would be feasible.  

The exact number of sample points can be calculated once the listing of villages within 

5km of RFA is obtained.  

Field survey 

Selected villages were surveyed along with local knowledgeable persons to identify the 

village boundary and estimate population of the village. In case the estimated number of 

persons was less than 1200, listing of households was started from one corner of the 

village or follow census house numbering or any available numbering of the house in 

the Form CH1:Listing Schedule-I (R) for preparation of rural frame (Annexure).  In case, 

such house numbers are not available then own running number was used 

In case of large villages where population is more than or equal to 1200 persons then it 

was divided the village into three or more hamlet-groups based on criterion for hamlet-

group formation given in next section. From these, two hamlet-groups will be selected 

randomly for the survey.  

Criterion for hamlet-group formation 

The population of the selected village which was found to be 1200 or more was divided 

into a suitable number of ‘hamlet – groups’ in the rural sector by more or less equalizing 

population as under. Hamlet groups formed are clearly identifiable in terms of physical 

landmarks. 
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Table 5-2: Hamlet group formation population wise 

Approximate population of the sample 
village No. of hamlet-groups to be formed 

Less than 1200 
1200 to 1799 
1800 to 2399 
2400 to 2999 
3000 to 3599 
… and so on 

1 (no hamlet-groups formation) 
3 
4 
5 
6 

Two hamlet-groups were selected from a large village by simple random sampling 

without replacement (SRSWOR) so that the selected hamlet will not be selected again.  

Listing were started for the first selected hamlet and continued for the second selected 

hamlet as shown in Table 5.2.  Selection of households done randomly from the 

combined listing. 

For preparation of frame 

In the sample, a household is classified as “Affluent” if the household owns any of the 

items like motorcar/jeep, tractor, truck/van/bus, large business, spacious pucca house 

in good condition or any two of the items like colour TV, telephone, VCD/DVD player, 

washing machine, refrigerator, microwave oven, two wheeler (automobile) or owns 

land/livestock in excess of certain limits (7.0ha. cultivable land /3.5 ha. irrigated land or 

at least 10 heads of cattle and buffaloes or at least 30 sheep/goats.)  

A household is classified as “Less-Affluent” if the household does not own above items 

and owns land/livestock less than the above mentioned limits and more than 0.4 ha. 

land area or at least 2 heads of cattle and buffaloes or 5 sheep/goats. A household is 

classified as “others” if the household does not own any items mentioned above and the 

land area less than 0.4 ha. or less than 2 cattle and buffaloes or less than five 

sheep/goats. 

The frame for the survey prepared as per the above criterion of “Affluent”,“Less-

Affluent” and “Others” class of households.  

In case, the complete list of household is available with primary health 

worker/Aganwari worker/Gram Panchayat etc. along with their consumption pattern 

(not income) from which households can be categorized in above three classes then it 

may be used as a frame. 
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Selection of the household for survey 

Twelve households were selected randomly for the survey (Two, five and five 

households from affluent, less-affluent and other class respectively) from the col. 57-58, 

59-60 and 54-56 of Form-CH1: Listing Schedule-I (R), for the affluent class, less-affluent 

class and others respectively. The households in each class are to be selected randomly 

with the help of random number table given in Annexure.  Different steps of using 

random number table have also been explained in the same Annexure. Total no. of 12 

household were  selected the shortfall in the first category i.e. affluent will be 

compensated from less-affluent class failing which ‘other class’ will be considered and 

the shortfall in less-affluent class will be compensated from affluent failing which from 

‘other class’. Others class will be compensated from affluent class failing which from 

‘less-affluent class’. 

Average household monthly consumer expenditure 

The average monthly consumer expenditure of the household will be ascertained and 

recorded in rupees (whole number).  It may be noted that this will be the average 

expenditure per month based on the preceding twelve months’ expenditure and not 

simply the expenditure of the preceding month. The procedure and the items are listed 

below: 

1. Expenditure on food items during last 7 days which includes cereals and its 

substitutes, gram, pulses and their products, milk and milk products, edible 

oil, vegetables, fruits (dry & fresh), meat, egg and fish, sugar, salt, spices, 

beverages, refreshments and processed foods.  On the basis of 7 days 

expenditure, annual expenditure will be calculated after multiplying by 

365/7.   

2. Similarly expenditure on pan, tobacco and intoxicants during the last 30 days 

will be recorded and annual expenditure will be calculated after multiplying 

by 365/30. 

3. Expenditure on fuel and light, rent, misc. consumer goods, misc. consumer 

services, taxes, clothing, bedding, footwear, expenditure on education and 

medical (institutional) and expenditure for purchase and construction 



Analyzing Forest Carbon Accounts for Sustainable Policy Options with Special Reference to Livelihood Issues 

82 
 

(including repair and maintenance) of durable goods for domestic use during 

the last 365 days ended on date of survey will be recorded. 

Sum of all the three items divided by 12 will give average monthly consumer 

expenditure of the household or monthly consumer expenditure.  The investigator can 

also use his own judgment for classifying a particular household in one of the three 

category based on his interaction with the household.  But in such cases, the 

approximate average household monthly consumer expenditure must to be recorded in 

the field form. While recording such information, it should be kept in mind that the 

consumption is the main criterion and not the income. 

Monthly per capita consumer expenditure (MPCE) 

Average monthly consumer expenditure divided by number of persons in a household 

will give monthly per capita expenditure. A table is given in Annexure-VI for deciding 

affluent, less-affluent and other classes for the particular state. 

Means of livelihood (m.l.) 

For urban households, m.l. class, to be recorded in Form-CH3, will be any of ‘self-

employed’, ‘regular wage/salary earners’, ‘casual labour’ and ‘others’ depending upon 

the source which fetched maximum income to the household during the last 365 days.  

The data has been collected based on forms DIF, CH1, CH3 (annexure) for consumption 

details of wood in the selected households. This provides us with the 

leakage/consumption data of communities within 5km periphery of recorded forest 

area. 

The above methodologies were applied to Chhindwara district the findings of which are 

presented in detail in the next chapter.  

********** 
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CHAPTER -6 
Model/Tool Output & Findings 
with Reference to Livelihoods 

 

   
 

  

KEY FINDINGS 

CHHINDWARA DISTRICT 

 Total available Carbon stock 16,50 million t 
 Total consumption pattern observed  

o Fodder consumption range = 63-97% of total carbon consumption 
o Fuelwood consumption range = 2-36% of total carbon consumption 
o Bamboo consumption range = 0.006 - 0.03% of total carbon consumption. 

 In all the divisions livelihood opportunities are very limited, even though education level is high or 
moderate.  

 Access to LPG gas is limited. 
 Alternate energy sources like agricultural waste, solar etc are not being used.  
 It has been observed that in educated households electricity usage is higher. 

EAST SIKKIM DISTRICT 

 Total available Carbon stock 5.71 million t 
 Fuelwood consumption increases with increase in the BPL population 
 LPG gas and fuelwood are the two major sources of energy which is substantiated by kerosene 
 Drastic improvement in forest density and quality has been observed by the locals because of 

o reduced fuelwood requirement 
o negligible fodder dependence on forests 
o high awareness level  
o strong governance 
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6 Model/Tool Output and Findings with Reference to Livelihoods 
 

Contributing Authors: IIFM, Bhopal; FSI, Dehradun; and IES, New Delhi 

This chapter takes forward the methodology discussed in the previous chapter for 

forest carbon accounting and socio-economic survey, by applying it to the sites and  

hence understand and empirically establish the socio-economic linkages with the forest 

carbon stock through carbon available (i.e. stock resource) and carbon consumed (in 

the form of fuelwood, fodder, timber and bamboo requirements). It further, discusses in 

detail the findings of the carbon methodology and the socio-economic survey outcomes 

as well as the dependence through cases/scenarios specific for each working site of the 

study i.e. Chhindwara district and East Sikkim district.  

Rationale for site selection:  Initially the study was drafted for three states across the 

country: Himachal Pradesh, Madhya Pradesh and Sikkim; of these Sikkim and Himachal 

Pradesh were envisioned to provide insight to the linkages in the Himalayan forest 

ecosystem and its dependent communities, cross compared with the linkages found in 

the central highland state i.e. Madhya Pradesh. The approach was to understand the 

pattern of dependence due to varying physiographic locations. Based on the 

recommendations from expert stakeholder’s consultation meeting, conducted in each 

state, Kullu (in Himachal Pradesh), Chhindwara (in Madhya Pradesh) and East Sikkim 

district (in Sikkim) were finalized as working sites for the study. The main criterion for 

choosing these districts were (i) availability of natural forest resource ; (ii) presence of 

forest dependent community within 5 km periphery of the forest area; and (iii) 

accessibility and suitability of location for conducting primary research work.   

During the course of the study and preliminary field work conducted in the districts, it 

dawned upon the team that the extent of data requirement, time and other resources for 

conducting the field work and collection of secondary data for each district was intense 

and thus only Chhindwara and East Sikkim districts were finalized as the working sites 

for the study, sufficient enough to demonstrate variation in the socio-economic 

dependence and the existing forest carbon stock.  
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Plate 6-1: Stakeholders Consultations and Meetings  
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6.1 Chhindwara 

6.1.1 District Profile 

Chhindwara, the largest district by area (11,815 km2 i.e. 3.83% of state area) in Madhya 

Pradesh, was formed on 1st November 1956. The name has been acquired due to 

abundance of chhind (palm) trees, at that time. The demography of the district as per 

Census 2011, is total population of 2,090,306 with literacy percentage of 72.2%. There 

are 1984 villages in the district, out of which 1903 villages are habited. The district has 

been divided into 19 Revenue Circles, 803 Patwari Halkas and 803 Panchayats (Govt. of 

MP, 2012). It is located on the South-West region of 'Satpura Range of Mountains'. This 

district is bound by the plains of Nagpur District (in Maharashtra State) on the South, 

Hoshangabad and Narsinghpur District on the North, Betul District on the West and 

Seoni Districts on the East as shown in the Figure 6.1. The altitude of the district varies 

between 381 to 1157 meters above mean sea level. According to the physiographic 

factors like topography, geology, soils, climate and natural vegetation the district has 

been divided into Satpura Range, Chhindwara Plateau, and Sausar Forested upland.  The 

District is divided into 3 forest divisions: East, West and South division having 38.43 % 

(of the district area) as forest cover of which 12.7 % is very dense1 forest (VDF),  45% is 

moderately dense forest (MDF), 43% is open forest (OF) and 5.3% scrub represented in 

Figure 6.2 (I-SFR, 2011).   Further, as per Champion and Seth classification (1968) the 

forest types found in Chhindwara are of 5A-, 5B, 5D and 5E type as shown in Figure 6.3.  

 

 

                                                             
1 The forest cover is measured through canopy density. The canopy density classifications used are (i) very 
dense forest (VDF) – All lands having tree cover with canopy density more than 70%.; (ii) moderately dense 
forests (MDF) – All lands having a tree cover with canopy density between 40% and 70% ; (iii) open forests 
(OF) – All lands having a tree cover with canopy density between 10% and 40% and ; (iv) scrub – All forest 
lands with poor tree growth, mainly small or stunted trees having canopy density less than 10%. 
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Figure 6-1: Location of Chhindwara District, Madhya Pradesh 

 

Source: I-SFR, 2011 
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                   Figure 6-2 : Forest Cover map of Chhindwara district                                      Figure 6-3: Forest Type Map of Chhindwara district 

                        

Source: FSI, Dehradun  



Analyzing Forest Carbon Accounts for Sustainable Policy Options with Special Reference to Livelihood Issues 

89 
 

6.1.2 Forest Carbon Accounting  

The forest inventory (using the NFI data collected during 2002-2008, conducted by FSI) 

has been used for carbon accounting.  Chhindwara was inventoried in 2005-06 by laying 

381 forest inventory plots in the recorded forest area through systematic random 

sampling (methodology explained in detail in Chapter 5, Section 5.1) as shown in Figure 

6.4. Figure 6.5 shows the plots overlayed on the forest cover layer. For each plot (0.1 ha 

in size) trees > 10cm dbh, <10cm dbh, bamboo clums/clump are measured and soil 

sample are taken for carbon estimation. With established (i) volume equations, small 

wood and leaf biomass equations; (ii) carbon factors developed for forest floor which 

includes dead wood, litter, twigs, climbers, herbs and shrubs, carbon accounting for 

each pool been demonstrated in table 6.1.  

Figure 6-4: Carbon plots distribution                  Figure 6-5: Carbon plots on Forest Cover  

               

The calculations in table 1 are based on total carbon estimated in one ha of MDF, OF and 

scrub scaled up to the total forest cover of each type in the district.  Stepwise calculation 

is detailed in the table. As per the calculations, Chhindwara has 4781 km2 (478100ha) of 

recorded forest area having 16.5 million t of available carbon stock. This is the 

numerical estimate of the carbon present in the Chhindwara recorded forest area. The 
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pool-wise contribution to carbon accounts is represented through Figure 6.6. 41% 

stocking of the forest carbon takes place in form of the above ground biomass while soil 

stores 32%, followed by 16 % in below ground biomass and 11% in forest floor. At 

district level negligible amount of carbon is stocked in the form of bamboo because it is 

not abundantly available.  

Table 6-1: Carbon Accounts for Chhindwara District  

Sr. No Carbon Pool Forest Cover 

    MDF OF Scrub 

1 Above Ground Biomass (AGB)  

a >10cm dbh (t) 647.02 55.27 3.15 

b <10 cm dbh (t) 9.2 0.76 0.09 

  Total AGB (a+b) (t) 656.22 56.03 3.23 

2 Below Ground Biomass (BGB) (t) 247.22 21.37 1.23 

3 Soil Carbon (t) 457.18 86.96 12.44 

4 Forest Floor Carbon (t) 177.67 4.79 0 

5 Bamboo Carbon (t) 0.31 0 0 

6 

Total Carbon (t) in all plots  

inventoried (1+2+3+4+5) 1538.60 169.14 16.90 

7 No of Plots 318 52 11 

8 Total carbon (t) per plot (6/7) 4.84 3.25 1.54 

9 Per ha carbon (t) (8X ten) 48.38 32.53 15.36 

10 Area of forest cover in district (ha) 204400.00 192000.00 24000.00 

11 Total Carbon in million t (7X8) 9.89 6.25 0.37 

Total Carbon stock in Chhindwara (million t) – 

Available Stock  16.50 

 

Figure 6-6: Pool wise Carbon stock representation for Chhindwara in one ha of RFA.  

 

41%

16%

32%

11%

0%

Above Ground Carbon   (t)
Below Ground Carbon (t)
Soil Carbon (t)
Forest Floor Carbon (t)
Bamboo Carbon (t)
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Carbon layer methodology: The carbon layer has been built using ArcGIS software and 

the forest inventory data for Chhindwara district. The forest inventory plots were geo-

referenced and were plotted on the raster district boundary with carbon pool data as 

attributes.  The 381 plots/points were interpolated using “kriging/natural neighbour” 

tool of ArcGIS software for generating the carbon layer. The layer generated through the 

tool is intersected with the RFA layer for Chhindwara District.  

The algorithm is an advanced geostatistical procedure that generates an estimated 

surface from a scattered set of points. It uses deterministic interpolation methods 

because they are directly based on the surrounding measured values or on specified 

mathematical formulas that determine the smoothness of the resulting surface. The 

kriging formula for interpolators is formed as a weighted sum of the data: 

 

where: 

Z(si) = the measured value at the ith location  

λi = an unknown weight for the measured value at the ith location 

s0 = the prediction location 

N = the number of measured values 

In deterministic interpolation method, the weight, λi, depends solely on the distance to 

the prediction location, whereas in natural neighbour interpolation, however, assigns 

weights of 19.12 % and 0.38 %, respectively, which is based on the percentage of 

overlap. The resultant carbon layer is shown in Figure 6.7. 
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Figure 6-7: Chhindwara district Carbon Layer  

 

Carbon layer validation:   Of total 381 plots in Chhindwara district, 301 were plotted to 

generate the carbon layer. Remaining 80 plots were randomly chosen to validate. Figure 

6.8 demonstrates the validation of one such point selected from the 40 non-plotted 

inventory plots that has been blown up and indicated with the arrow. The carbon value 

of the point lies in the green colour code with index value of 42-48t/ha of Carbon.  The 

attribute table titled “Identity” shows the TPC (total plot carbon in kg) as 5172 i.e. 51.72 

t/ha and falls in the light green belt. This is acceptable as it is within 30% permission 

error range. Hence the carbon layer has been validated.  
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Figure 6-8: Carbon layer validation for Chhindwara 

Carbon layer validation for Chhindwara 
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Summary of carbon accounting for Chhindwara District: Total available carbon stock 

for Chhindwara is 16.5 million t in the RFA. The distribution of the carbon across the 

pools in one ha is maximum in above ground biomass (41%) and the carbon rich forests 

across the district can be identified through the carbon layer generated. Thus the 

carbon accounting (of pools) of Chhindwara is complete.  

The next section elaborates the implementation of the socio-economic survey which 

estimates the leakages drawn from this available carbon stock in Chhindwara which 

would later be linked to the carbon available to understand the dependence on the 

forest carbon stock.  

6.1.3 Socio-Economic Survey 

As per the objective of the survey (refer Chapter 5, section 5.3.1), from each forest 

division of Chhindwara, 9 villages were selected as per crop composition, thus a total of 

27 villages were surveyed in depth.  The villages with total number of households, 
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village population, crop composition, and the division of households as per the 

economic level have been tabulated in Table 6.2, 6.3, and 6.4.    

Details of surveyed villages 

Table 6-2: East Division District Chhindwara  

S.N. Village  
Total 
House 
holds 

Population Crop 
Composition 

No of households as per 
Economic Level  

Affluent Less 
Affluent Others 

1 Partapur 108 499 Pure Teak 13 65 30 
2 Kundali 49 24 Pure Teak 8 34 7 
3 MarkaPathar 46 243 Pure Teak 9 31 6 
4 Salaiya Swami 64 287 < 50% Teak 16 42 6 
5 Ratomati 93 505 < 50% Teak 16 56 21 
6 Tuiyapani 43 204 < 50% Teak 6 30 7 
7 Tendni 117 629 Miscellaneous 26 76 15 
8 Jogiwari 71 407 Miscellaneous 9 51 11 
9 Bargi 164 804 Miscellaneous 14 121 29 

 

Table 6-3: West Division District Chhindwara  

S.N. Village  
Total 
Househ
olds 

Population Crop 
Composition 

No of households as per 
Economic Level  

Affluent Less 
Affluent Others 

1 Delakhari 528 2502 Sal 106 264 158 
2 Sitadongri 89 437 Sal 17  26 45 
3 Tamia 985 4532 Sal 197 493 295 
4 Kurshidhana 145 631 Teak 29 43 73 
5 Umaria 140 659 Teak 28 70 42 
6 KhapaKhurd 54 292 Teak 8 32 14 
7 RainiKheda 77 391 Miscellaneous 15  23 39 
8 Sahradhana 194 1083 Miscellaneous 38  97 59 
9 Kuanwadla 25 230 Miscellaneous 5 7 13 

 

Table 6-4: South Division District Chhindwara  

S.N. Village  
Total 
Househ
olds 

Population Crop 
Composition 

No of households as per 
Economic Level  

Affluent Less 
Affluent Others 

1 Amla F.V 175 841 Pure Teak 24 64 87 
2 Khutamba 151 756 Pure Teak 15 124 12 
3 Nauthal 106 516 Pure Teak 12 79 15 
4 DevoBhagakta 406 2107 < 50% Teak 64 163 179 
5 Khapa 275 1285 < 50% Teak 55 156 64 
6 Pangdi 135 660 < 50% Teak 32 47 56 
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7 BichuwaBaggu 294 1259 Miscellaneous 27 237 30 
8 Khadabeli 177 950 Miscellaneous 32 97 48 
9 Mohpani Mal 144 742 Miscellaneous 30 76 38 

 

From each of the villages 12 households were selected, on economic level criteria. 2 

from ‘affluent’ class, 5 from ‘less-affluent’ and 5 from ‘others’ category (Annexure II). 

Thus a total of 324 households were surveyed and the components of wood usage in 

terms of furniture, house fixtures, fuelwood, fodder and bamboo consumption was 

measured (wherever possible like-furniture, fixtures) and estimated (fuelwood, bamboo 

and fodder consumption based on data collected). The villages surveyed have been 

located on the Chhindwara district boundary map (figure 6.9) and on the Chhindwara 

carbon layer map (figure 6.10).  

 
 
 
 
 
 
 
 
 
 
 
 
Figure 6-9: Surveyed villages district boundary map    Figure 6-10: Villages on carbon         
layer  
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Each of these villages is surrounded by forests on which they sustain/depend. In order 

to estimate the amount of carbon or forest stock available to each village, a buffer of 

5km was drawn as an area of influence. This is because the villagers have very limited, 

almost negligible, motorized means of transportation, hence it is assumed that during 

the day they can walk/bicycle within 5km radius area from their village into the forests 

to extract and meet their needs.  Figure 6.11 shows the 5km buffer area around each 

village surveyed.   
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Figure 6-11: 5km Buffer around surveyed villages on the carbon layer of Chhindwara 

 

The area represented in the buffer circle on the map represents the amount of carbon 

available to the villagers. It is the sum of the product of count of pixels of each colour 

with it corresponding carbon value times the area represented on the map.  Further, 

from this available carbon the extraction or leakages take place in the form of fuelwood, 

fodder, timber and bamboo. These leakages have been estimates as follows: 

Timber: This was the most tedious component executed during the survey. The 

consumption in the form of timber consists of furniture like bed, chairs, table, stools etc., 

fixtures on the wall like doors, windows, beams, columns for house construction and 

agriculture implements.  During the survey the dimensions of the items were measured 

and volume was estimated. While processing the data the average life of furniture and 

fixtures is assumed to be 20 years and the total volume has been converted to per year 

figures. Based on study conducted by FSI, region specific density factors have been 

developed for volume into weight/biomass, further, converted to carbon by using 

biomass to carbon factor. 
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Fuelwood: Fuelwood has been found to be one of the main energy sources in the 

surveyed villages. Quarter-wise data on fuelwood was collected, which has been 

converted to annual consumption values. Using Inter governmental Panel on Climate 

Change (IPCC) default biomass to carbon factor the fuelwood consumed has been 

converted to carbon 

Fodder: Data on fodder collected per day and livestock owned by the respondents was 

collected. Further, the livestock was converted to Standard Adult Cattle Unit (SACU) and 

the fodder consumption per year was estimated using consumption factor based on 

studies conducted by FSI. Further, IPCC default value on biomass to carbon factor has 

been used to obtain the carbon extracted in the form of fodder. 

Bamboo: The use of bamboo was mostly restricted to roof and household kitchen items 

like grain separators etc. The data recorded was processed into running meters, 

assuming 5 years to be the usage life, per year figures were calculated. Based on study 

conducted by FSI, factors have been developed for bamboo running length into 

weight/biomass, further, converted to carbon by using biomass to carbon factor 

developed for bamboo.  

The data collected as above can be compared and cases of dependence be studied as 

consumption from the forests. It has been further processed into equivalent carbon, that 

can be easily linked with the carbon available.  
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Plate 6-2: Photographs of the villages surveyed in Chhindwara District 
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6.1.4 Understanding the Correlation Between Livelihood and Available Forest Carbon 

Stock  

The processed data comprising of (i) socio-economic variables - economic level, 

education level, livelihood options and other parameters; (ii) annual carbon 

consumption of timber, fuelwood, fodder and bamboo; and (iii) carbon available around 

each villages in 5 km area of influence was arranged division wise representing each 

household of the village surveyed.  Weighted average of the above variables were 

calculated for economic level of affluent, less-affluent, and others using the data 

represented in the table 6.2, 6.3 and 6.4.  Further, the data was aggregated at village 

strata and the consumption trend was observed. Table 6.5 below summaries describes 

the criteria for categorizing the data during the survey. 

Table 6-5: Index for socio-economic variables linked to forest carbon values 

Well- being factors  Description  
Economic level 
 

Affluent – qualifying any one of the following criteria 
Vehicles: any one of 4wheeler/tractor etc 
House type: spacious pucca house in good condition 
Household items: any two from colour TV, telephone, VCD/DVD player, washing 
machine, refrigerator, microwave oven, two wheeler (automobile) 
Landholding size: in excess of 7.0ha cultivable land/3.5 ha irrigated land 
Livestock size:  at least 10 heads of cattle and buffaloes or at least 30 sheep/goats 
 
Less-Affluent- qualifying either of the following criteria 
Livestock size: at least 2 heads of cattle and buffaloes or 5 sheep/goats. 
Landholding size: >0.4ha 
 
Others- qualifying either of the following criteria 
Livestock size: < 2 heads of cattle and buffaloes or < 5 sheep/goats. 
Landholding size:  nil 
 

Education level 
 

Illiterate 
Primary- Upto 5Th standard 
Middle- Upto  8th Standard 
10th Standard 
10+2 Standard 
Graduate 
Post graduate 
Others (professional qualification, diploma, degree etc.) 
 

Livelihood options 
 

Self employed 
Regular wage/salary 
Casual labour 
Others- No of the above 
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The well-being factors considered above include variables contributing to economic and 

social level of the households in their villages for example access to education facilities, 

energy sources, means of transportation and livelihood earning sources.  These 

variables also influence the carbon extraction from the forests in terms of fuelwood, 

fodder, bamboo and timber. The overall village consumption has been ranked and three 

cases of minimum, median and maximum consumption in carbon have been presented 

in Table 6.6 below. The highlighted numerical values are the cases for the chosen 

variable.   

Table 6-6: Case runs for Chhindwara 

Consumption 

condition 
Division Village name Fodder Fuelwood 

Bamboo 

+ timber 

Total 

consumption 

Carbon 

available to 

the village 

   C in 
kg/year 

C in 
kg/year 

C in 
kg/year C in kg/year C in Gt 

Overall 

Minimum East Kundali 1434.25 832.27 0.70 2267.22 0.14 

Median East Ratomati 9499.13 926.92 1.54 10427.59 0.32 

Maximum West Sahradhana 26062.69 747.65 9.58 26819.93 0.31 

 

Fuelwood 

Minimum West Raini kheda 15858.39 579.44 4.96 16442.79 0.174 

Median South Devo Bhgakta 4904.88 795.99 18.21 5719.08 0.447 

Maximum East Tuiyapani 16330.46 1076.06 1.01 17407.53 0.231 

 

Fodder 

Minimum East Kundali 1434.25 832.27 0.70 2267.22 0.145 

Median East Ratomati 9499.13 926.92 1.54 10427.59 0.321 

Maximum West Sahradhana 26062.69 747.65 9.58 26819.93 0.310 

 

Bamboo + Timber 

Minimum East Kundali 1434.25 832.27 0.70 2267.22 0.145 

Median West Khapa Khurd 13473.67 781.80 6.43 14261.90 0.322 

Maximum South Devo Bhgakta 4904.88 795.99 18.21 5719.08 0.447 

 

Total consumption: Fodder contributes around 63-97 % of total carbon consumption in 

Chhindwara district, fuelwood contribution varies from 2-36% and bamboo 
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consumption varies from   0.006 - 0.03 % at village levels. In order to understand the 

dependence better the individual villages the next section discusses in detail the  

economic level, education level, livelihood options , energy distribution patterns and the 

carbon consumption for each village of Table 6.5.  

6.1.5 Village Level Analysis  

Table 6.7 discusses the socio-economic profile , energy distribution and carbon consumption 

details of the village case runs as shown in Table 6.6. 
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Table 6-7: Village wise detailed description  

Name Econom

ic level 

Househo

lds % 

Education 

Level 

Livelihood 

Options 

Energy distribution Carbon consumption distribution Description 

Kundali 

 

Affluent 16.33 10th std Others 

 

 

Energy distribution: the affluent level 

people depend more on the cowdung 

rather than other sources for their 

energy requirement while less affulent 

and others use fuelwood, elecritcity, 

kerosene apart from cow dung. There is 

no usage of gas in the village even 

though governement schemes encourage 

usage of LPG gas.  

Less-

Affluent 

69.39 80%-

Middle 

20%-10th 

std 

40%- Casual 

Labour 

60%- Others 

  

Carbon consmuption distribution:  

irrespective of economic level carbon  

consumption of bamboo and timber is 

negligible when compared to fodder and 

fuelwood. Higher affluent and others 

draw carbon from forest mostly in 

fodder (which can be linked to their 

energy consumption pattern) whilemost 

of the village (less affluent) consumes 

carbon in fuelwood. 

Cow 
Dung
87%

Gas
0%

Kerose
ne
1%

Electric
ity
8%

Fuelwo
od
4%

Bambo
o + 

Timber 
0%

Fuelw
ood
12%

Fodder 
88%

Cow 
Dung
42%

Gas
0%Kerose

ne
2%

Electrici
ty

39%

Fuelwo
od

17% Bambo
o + 

Timber 
0%

Fuelwo
od

100%

Fodder 
0%



Analyzing Forest Carbon Accounts for Sustainable Policy Options with Special Reference to Livelihood Issues 

104 
 

Others 14.29 40%- 10 

std 

60%-

Middle 

20%- Regular 

wage80%- 

Casual Labour 

  

Socio-economic variables: After 

understanding the energy and carbon 

consumption distibution , it can be 

inferred that the affulent class of this 

village owns large number of livestock , 

thus their livelihood options and 

eduction level are not very high. 

Whereas in the remaining strata 

education is moderate while livelihood 

options are mostly labour.  

Ratomati 

 

Affluent 17.20 Middle Others 

 

 

Energy distribution:The trend 

observed is same as in Kundali village i.e. 

increased consumption of cowdung with 

increase in economic level. However the 

usage of other sources like electricity 

and kerosene is comprises around 35% 

of their consumption.   It is interesting to 

note that others in economic level use 

more electricity.  

Less-

Affluent 

60.22 60%- 

Middle 

40%- 10th 

std 

60%- Casual 

Labour 

40%- Others 

 

 

Carbon consmuption distribution:  

irrespective of economic level carbon  

consumption of bamboo and timber is 

negligible. 

Fuelwood dependence increases with 

decrease in economic strata while invrse 

is true for fodder.  
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Others 22.58 60%- 

Middle 

40%- 

Illiterate 

60%- Casual 

Labour 

20%- Self 

employed 

20%-Others 

 

 

Socio-economic variables: It can be 

inferred that the affulent class of this 

village owns large number of livestock , 

thus their livelihood options and 

eduction level are not very high. 

Whereas in the remaining strata 

education is moderate while livelihood 

options are mostly labour.  

Tuiyapani 

 

Affluent 13.95 Middle Others 

 
 

Energy distribution: Among the 

economic strata the affluent and others 

depend heavilty on cow dung as energy 

source comprising soround 40% of 

village population.  Electricity meets 

around one third of the energy 

requirement for 60% of the vilalge 

falling undet less affluent category while 

kerosene meets around 2% of the energy 

requirements of the village.  

Less-

Affluent 

69.77 20%- Post 

Graduate 

40%-12th 

std. 

40%-

Middle 

Others 

  

Carbon consmuption distribution:   

The trens is almost similar to other 

villages of the same region. With high 

dependence on cow-dung, fodder 

dependce increases proportinally from 

the forests. there very little practise of  

stall feeding. Second to fodder, fuelwood 

consumption is high too across less 

affluent and others.  
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Others 16.28 80%-

Middle 

20%-10th 

std 

Casual Labour 

  

Socio-economic variables: livelihood 

opportuntities are mostly restricted to 

labour because the village is located in 

the interior forest. However this viallage 

has access to education opportunities. 

Less affluent class have attained 

education upto graduate level.  

Khapa 

Khurd 

 

Affluent 15.36 50%-12th 

std 

50%- 10th 

std 

50%- Casual 

Labour 

50%-Regular 

wage 

Energy distribution: Two main energy 

sources for affluent class are electricity 

and cow-dung. While kerosene 

consumption is also highest. Further,  

less affluent class depends mostly on 

cow dung , electricity and fuelwood for 

their energy needs and others class 

meets it requirement from cow-dung. 

Less-

Affluent 

58.73 60%-

Middle 

20%-

others 

20%-12th 

std 

60%-Casual 

Labour 

40%- Others 

 

 

Carbon consmuption distribution:  In 

this village the forest serves mostly the 

fodder requirement for the viallagers. As 

the energy requirement is met from 

other souces like electricity , kerosene 

etc. AS observed in other villages the 

consumption of timber and bamboo in 

carbon terms is negligible to fodder and 

fuelwood.   
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Others 25.91 60%-

middle 

20%-

illiterate 

20%-10th 

std 

80%-Casual 

Labour 

20%-others 

  

Socio-economic variables: It is 

interesting to note here that with 

increase in education and better 

livelihood options the energy 

dependence on cow dung and fuelwood 

reduces considerably.  Education level  

reduces with economic level.  

Raini 

kheda 

 

Affluent 19.48 50%- 10th 

std 

50%- 

Graduate 

50%-self 

employed 

50%- regular 

wage 

 

 

Energy distribution:  It is noteworthy 

to mention here that only the affluent 

class have access to gas and it meets 

their 4% of energy requirement.   Even 

with  electricity avaiable villagers prefer 

to use cow-dung whose consumption 

increases with decrease in the economic 

level in the village.   
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20%-others 
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Carbon consmuption distribution:   

There is very heavy dependence on 

forest for fodder. The village has access 

to alternate energy source , thus it 

reduces the pressure on the forests for 

fuelwood.  
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Others 50.65 60%-

illiterate 

40%-

middle 

Casual labour 

  

Socio-economic variables:  It can be 

observed that the education level 

decerases with the decrease in economic 

level and hence the dependence on the 

forest increases.  Further, the livelihood 

options mostly practiced by the villagers  

is mostly  casual labour.  

Sahradha

na 

 

Affluent 19.59 50%-10th 

std 

50%-12th 

std 

50%-others 

50%-regular 

wage 

 

Energy distribution:  The dependence 

on cow-dung is highest in the affluent 

class, while the electricity consumption 

is highest in the lowest economic strata 

comprising 30.41% of the village 

population. The usage of fuelwood is 

around 11% in the village, electricity 

meets arounf 19-20% of the viallge 

energy demand.  

Less-

Affluent 

50.00 Middle 60%-Others 

40%-casual 

labour 

  

Carbon consmuption distribution:   As 

dependenceon cow-dung is very high, it 

directly affects the amount of fodder 

extracted from the forest which is 

around 98%. Bamboo and timber have 

no impact on the carbon consumption 

distribution of the village, while 

fuelwood is 2-4% of the extraction.  
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Others 30.41 40%-

illiterate 

40%-

middle 

20%-10th 

std 

60%-casual 

labour 

40%-others 

  

Socio-economic variables: The affluent 

class id mostly educated with regular 

salary/wage livelihood option. No direct 

relation can be drawn with education 

and livelihood with fodder and fuelwood 

consumption because the whole village 

irrespective of economic class depends 

on the forest for the same.  
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50%-

graduate 

Others 

 

Energy distribution: this village has 

access to electricity and its usage is 

inversely realted to the economic level of 

the people.  Herer too gas is used only by 

the affluent class of the village meeting 

on ly 1% of the energy requirements.  
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others 
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Carbon consumption distribution:  

55.91% i.e. affluent and less affluent 

strata of the village has no bamboo and 

timber consumption (annual) and mostly 

meets 90% it carbon consumption 

through fodder and remaing carbon is 

consumed through fuelwood. However 

the othesr economic level group has 1% 

of bamboo and timber consumption.  
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Others 44.09 80%-

Middle 

20%-

graduate 

Casual Labour 

 

 

Socio-economic variables: The level of 

education in the village overall is greater 

as compared to other villages which can 

explain the increased usage of electricity 

in the village. However there are very 

limited livehood options present in this 

village.  
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The following observations can be made from Table 6.6 and 6.7: 

1. Total consumption pattern observed for Chhindwara district 

a. Fodder consumption range = 63-97 % of total carbon consumption 

b. Fuelwood consumption range = 2-36% of total carbon consumption 

c. Bamboo consumption range= 0.006 - 0.03 % of total carbon consumption. 

2. East division: for energy sources the villages depend mostly on cow-dung and 

fuelwood. Electricity contributes to approximately 30% of energy requirement of 

the villages. Further, dependence on kerosene is not high (hardly 1-2%). The 

percentage of population educated in all economic strata is lower than West and 

South divisions.  In Kundali village, there is no usage of gas in the village even 

though government schemes encourage usage of LPG gas. Villagers depend 

mostly on cow-dung .Higher affluent and others draw carbon from forest mostly 

in fodder (which can be linked to their energy consumption pattern) while most 

of the village (less affluent) consumes carbon in fuelwood. it can be inferred that 

the affluent class of this village owns large number of livestock , thus their 

livelihood options and education level are not very high. Whereas in the 

remaining strata education is moderate while livelihood options are mostly 

labour. The same is observed in Ratomati village.  In Tuiyapani village electricity 

meets around one third of the energy requirement for 60% of the village falling 

under less affluent category while kerosene meets around 2% of the energy 

requirements of the village. The village displays high dependence on cow-dung 

and fodder. Livelihood opportunities are mostly restricted to labour because the 

village is located in the interior forest. However this village has access to 

education opportunities. Less affluent class have attained education upto 

graduate level. 

3. West division: This division has access to education facilities as can be seen 

from Table 6.7, energy requirements are met from cow-dung and electricity 

mostly. Village (Rainikheda) has access to LPG gas and other alternate sources 

like kerosene etc. and consequently has minimum fuel wood consumption. For 

Khapa Khurd village the forest serves mostly the fodder requirement for the 

villagers. Further, with increase in education and better livelihood options the 

energy dependence on cow dung and fuelwood reduces considerably.  Education 
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level reduces with economic level. In Rainikheda village, only the affluent class 

has access to gas and it meets their 4% of energy requirement.   Even with 

electricity available villagers prefer to use cow-dung whose consumption 

increases with decrease in the economic level in the village.  It can be observed 

that the education level decreases with the decrease in economic level and hence 

the dependence on the forest increases.  Further, the livelihood mostly practiced 

by the villagers is casual labour. And lastly in Sharadhana village, the usage of 

fuelwood is around 11%, electricity meets around 19-20% of the village energy 

demand. The dependence on cow-dung is highest in the affluent class, while the 

electricity consumption is highest in the lowest economic strata comprising 

30.41% of the village population. As dependence on cow-dung is very high, it 

directly affects the amount of fodder extracted from the forest which is around 

98% while fuelwood is 2-4% of the extraction.  

4. South division: Devo Bhakta village has access to LPG gas that meets 1% of its 

energy needs. It is interesting to note that most of the energy requirement is met 

through electricity in the village followed by fuelwood and kerosene. Livelihood 

opportunities are very poor irrespective of high education level.  This village also 

has maximum bamboo consumption.  

5. In all the divisions livelihood opportunities are very limited, even though 

education level is high or moderate.  

6. Access to LPG gas is very limited. 

7. Alternate energy source like agricultural waste, solar etc are not being used.  

8. It has been observed that in educated households electricity usage is higher. 

 
************* 
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6.2 East Sikkim  

6.2.1  Sikkim  as a State 
The state of Sikkim provides a unique opportunity to realize/understand the dynamics of the 

human-forests interaction/correlation as it has shown consistent increase in its forest area 

from 38.84 % of states geographical area in 1987 to 47.31 % in 2007 as per the assessments 

by FSI. Interestingly, Sikkim comprises of only 0.22 % of India’s geographical area and it is 

one of the biodiversity hotspots of the nation (I-SFR, 2011). Sikkim’s unique geographical 

position, varied topography, high annual precipitation, minimum demographic pressure 

makes the State one of the richest botanical treasure houses of the country. The State harbors 

more  than  4,500  flowering  plants which is around one  third of  flowering plants of India , 

including 550 species  of  orchids,  36  species  of  rhododendron and also includes wild 

relatives of more than 400 species of medicinal plants.  The State  has luxuriant  tropical  and  

alpine  vegetation  in  its  pristine  virgin  form and supports about 627 species of Butterflies 

of interest and rarity (SFEWD, 2010). The Tibetan Plateau in North Sikkim abounds in 

endangered wildlife species and numerical abundance of birds.  

The state is divided into four districts: North, South, East and West districts. East district has 

been chosen as a working site for the study as it satisfies the criteria mentioned in the section 

6.1.1 of this chapter.  

6.3 East Sikkim District 

6.3.1 District Profile  

East Sikkim district covers 954 km2 which is 13.45% of state area. The demography of 

the district as per Census-2011 is total population of 281,293 which is 46.29% of 

proportion to Sikkim population with literacy percentage of 84.67 %. The district is 

divided into three sub-divisions, 1 34 revenue blocks out of which 14 are forest blocks. 

The administration setup comprises of 273 Panchayat ward with 50 Panchayat units 

(Census-2001). The location of East Sikkim district is indicated in Figure 6.12 . The 

forest cover of the district is 72.24% which 23.2 % is VDF, 58.8% is MDF, 18.0% is OF 

and 7.5% scrub represented in Figure 6.13 (I-SFR, 2011).   Further, as per Champion 

and Seth classification (1968) the forest types found in East Sikkim are of 3C, 8B, 11C, 

12 C/D, 14C and 15C/D type as shown in Figure 6.14 
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Figure 6-12 : Location of East Sikkim District 

 

Source: I-SFR, 2011 
Figure 6-13 : East Sikkim Forest cover map                                      Figure 6-14: Forest Type 
map  

        

Source: FSI, Dehradun 
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6.3.2 Forest Carbon Accounting  

Similar to Chhindwara, East Sikkim carbon accounts have been calculated.  East Sikkim 

was inventoried in 2004-05 by laying 19 forest inventory plots in the RFA through 

systematic random sampling (methodology explained in detail in Chapter 5, Section 5.1) 

as shown in Figure 6.15. the plots overlayed on the forest cover layer are shown in 

Figure 6.16. For each plot (0.1 ha in size) trees > 10cm dbh, <10cm dbh, bamboo 

culms/clump are measured and soil sample are taken for carbon estimation. With 

established (i) volume equations, small wood and leaf biomass equations; (ii) carbon 

factors developed for forest floor which includes dead wood, litter, twigs, climbers, 

herbs and shrubs, carbon accounting for each pool been demonstrated in table 6.8.  

Figure 6-15: Carbon plots distribution                    Figure 6-16: Carbon plots on Forest 
Cover  

  

Source: FSI, Dehradun 
The calculations in table 2 are based on total carbon estimated in one ha of MDF, OF and 

scrub scaled up to the total forest cover of each type in the district with stepwise 

calculation. As per the calculations, East Sikkim has 770 km2 (77000ha) of recorded 

forest area having 5.71 million t of available carbon stock.  This is the numerical 

estimate of the carbon present in the East Sikkim RFA. The pool-wise contribution to 
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carbon accounts in one hectare of RFA is represented through Figure 6.17. 30% 

stocking of the forest carbon takes place in form of the above ground biomass, 9% in 

below ground biomass while 61% which is the highest carbon storage pool followed by 

negligible amount of carbon is stocked in the form of bamboo and forest floor.  

Table 6-8: Carbon Accounts for East Sikkim District 

Sr. No Carbon Pool Forest Cover 
    MDF OF 

1 Above Ground Biomass (AGB) 
  a >10cm dbh (t) 51.82 7.48 

b <10 cm dbh (t) 0.17 0.1 
  Total AGB (a+b) (t) 51.98 7.57 
2 Below Ground Biomass (BGB) (t) 15.82 1.96 
3 Soil Carbon (t) 95.76 25.97 
4 Forest Floor Carbon (t) 0.36 0.12 
5 Bamboo Carbon (t) 0.0011 0 

6 
Total Carbon (t) in all inventoried plots 
(1+2+3+4+5) 163.92 35.62 

7 No of Plots 14 5 
8 Total carbon (t) per plot (6/7) 11.71 7.12 
9 Per ha carbon (t) (8X ten) 117.09 71.24 

10 Area of forest cover in district (ha) 41100.00 12600.00 
11 Total Carbon in million t (7X8) 4.81 0.90 

Total Carbon stock in East Sikkim (million t) – 
Available Stock  5.71 

 

Figure 6-17: Pool wise Carbon stock representation for East Sikkim district in one ha of  
RFA  

 

Carbon layer generation and validation: The methodology to generate and validate 

the carbon layer remains same for both East Sikkim and Chhindwara (refer Section 6. 

1.2).  Kriging/natural neighbour algorithm was run on 19 plots for generating carbon 

layer for East Sikkim.  The layer so generated did not cover the entire district as the 

30%

9%
61%

0% 0%

Above Ground Carbon   (t)
Below Ground Carbon (t)
Soil Carbon (t)
Forest Floor Carbon (t)
Bamboo Carbon (t)
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sample points were less, thus four sample points no. 20-23 (shown in Figure 6.18) were 

plotted in different directions to include the left over areas.  The carbon value for the 

plots were calculated from the studies and factors developed by FSI. Applying the 

algorithm on all 24 points the carbon layer was generated as shown in figure 6.19.  

Figure 6-18 :  Carbon plots on East Sikkim district boundary 

 

Figure 6-19: East Sikkim district Carbon Layer 
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Summary of carbon accounting for East Sikkim District: Total available carbon stock 

for East Sikkim is 5.71 million t in the RFA. The distribution of the carbon across the 

pools in one ha is maximum in soil (61%) and the carbon rich forests across the district 

can be identified through the carbon layer generated.  

After understanding the carbon accounts, next section discusses the socio-economic 

component for East Sikkim.  

6.3.3 Socio-Economic Survey  

It is important to understand that this study aims to set a methodology for establishing 

correlation between socio-economic and forest livelihood linkages, that require detailed 

and extensive field work. For Chhindwara a detailed socio-economic survey was 

conducted. The primary information obtained was the basis for analysis and case 

building; however East Sikkim analysis is based on secondary literature collected from 

various line departments of the State and preliminary field work conducted post 

stakeholders consultation. During the course of the study the team decided to work on 

the data available through secondary sources for East Sikkim as the nature of work was 

very demanding keeping in mind the terrain, resource and time.   

The state socio-economic survey (2006-07) reports data at Gram Panchayat Unit 

(conglomeration of villages) level. 25 GPUs were surveyed under East Sikkim- rural 

frame of which 23 could be located and geo-referenced from the SOI toposheet at 

1:50,000 scale, as shown in Figure 6.21 on the District boundary as well as on the 

carbon layer in figure 6.20.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Analyzing Forest Carbon Accounts for Sustainable Policy Options with Special Reference to Livelihood Issues 

119 
 

Figure 6-20: GPUs on East Sikkim district boundary map 

 

 

Figure 6-21: GPUs on East Sikkim Carbon layer map 
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Following the analysis procedure of Chhindwara, each of these GPUs is surrounded by 

forests on which the people are dependent for livelihood and support. In order to 

estimate the amount of carbon or forest stock available to each village, a buffer of 5km 

was drawn as an area of influence. This is because the villagers have very limited, almost 

negligible, motorized means of transportation, and also the terrain is difficult to traverse 

it is assumed that during the day they can move within 5km radius area from their 

village into the forests to extract and meet their needs.  Figure 6.22 shows the 5km 

buffer area around each village surveyed 

Figure 6-22: Village with 5 km buffer on carbon layer  
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The area represented in the buffer circle on the map represents the amount of carbon 

available to the GPU. It is the sum of the product of count of pixels of each colour with it 

corresponding carbon value times the area represented on the map.  Further, the 

leakages that take place in the form of fuelwood, fodder were estimated from the 

secondary data available using the following methodology.  

Fuelwood: Data on number of households consuming various energy sources was 

available from which the energy distribution was analysed. I-SFR (2011) has estimated 

the usage of fuelwood in the North-Eastern States of India from which household 

consumption factor was used to obtain fuelwood consumption in kgs. Using IPCC default 

biomass to carbon factor the fuelwood consumed has been converted to carbon 

Fodder: The Socio-Economic Survey 2007, has data on livestock population owned at 

the GPU level, which was converted to SACU and the fodder consumption per year was 

estimated using consumption factor based on studies conducted by FSI. Further, IPCC 

default value on biomass to carbon factor was used to obtain the carbon extracted in the 

form of fodder. 

Carbon consumption for fodder and fuelwood can now be linked with the carbon 

available.  

Plate 6-3:  Photographs during the field survey of villages in East Sikkim District.  
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6.3.4 Understanding the Correlation between Livelihood and Available Forest Carbon 
Stock  

The processed data comprising of (i) socio-economic variables - education level, 

livelihood options and per capita monthly income; (ii) annual carbon consumption of, 

fuelwood and fodder; and (iii) carbon available around GPU in 5 km area of influence 

was arranged from which conditions of minimum, median and maximum consumption 

in carbon consumption  variables were highlighted.  Table 6.9 and 6.10 below 

summaries the consumption for three cases of defined.   
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Table 6-9 : Cases for Fodder consumption in East Sikkim  

 
Co

ns
um

pt
io

n 
co

nd
it

io
n 

Gr
am

 P
an

ch
ay

at
 U

ni
t 

H
ou

se
ho

ld
s n

um
be

r 

To
ta

l p
op

ul
at

io
n 

BP
L 

%
ag

e 

Ed
uc

at
io

n 
(%

 o
f 

po
pu

la
tio

n)
 

Li
ve

lih
oo

d 
(%

 o
f 

po
pu

la
tio

n)
 

Pe
r 

ca
pi

ta
 

m
on

th
ly

 
in

co
m

e 

Fo
dd

er
  C

ar
bo

n 
co

ns
um

ed
 

in
 t/

yr
 

Ca
rb

on
 a

va
ila

bl
e 

Gt
 

Ill
ite

ra
te

 

Pr
im

ar
y 

Sc
ho

ol
 

Se
c.E

du
 

Gr
ad

ua
te

 &
 a

bo
ve

 

Un
-e

m
pl

oy
ed

 

La
bo

ur
er

 

Fa
rm

er
 

Sa
la

ri
ed

 

Se
lf 

Em
pl

oy
ed

 

Ot
he

rs
 

Rs
 0

-5
00

0 

Rs
 5

00
1-

10
00

0 

Rs
 1

00
01

-2
50

00
 

Ab
ov

e 
Rs

 2
50

01
 

Minimum Upper Tadong 3385 14699 10.56 10 25 24 12 32 9 22 8 4 26 9 6 5 3 0.53 0.687 

Median Chujachen 520 2583 9.82 19 32 14 3 36 1 1 6 22 34 13 4 2 1 1.63 0.494 

Maximum Rehnok Tarpin 1277 6722 28.13 15 34 15 5 32 1 0 4 27 36 11 4 3 1 4.13 0.247 
 

Description 

In the three consumption conditions presented in the table above maximum fodder is consumed from the GPU that has minimum carbon 

available or is away from the forest, while the GPU with maximum carbon available has minimum consumption. Further, Upper Tadong 

has a higher education profile among the three GPUs presented in the table with majority of population practicing farming, while in 

Chujachen education level is moderate with people mostly self employed or practicing other/small time jobs. As per the FGD conducted 

in the villages in East Sikkim, fodder requirement was mostly met through stall feeding and fodder obtained from locally managed 

plantations thus it will be inaccurate to establish the correlation without the data on source of fodder (forests, private plantations, 

agricultural waste, or market purchase etc.) and data on livestock distribution at the GPU level.  
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Table 6-10 : Cases for Fuelwood consumption in East Sikkim 
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Minimum Upper Tadong 3385 14699 10.56 10 25 24 12 32 9 22 8 4 26 9 6 5 3 63.09 0.687 
Median Assam Lingzey 648 3282 15.67 16 32 15 3 36 9 5 9 16 25 12 4 3 1 487.38 0.640 
Maximum West Pendam 1572 9656 31.19 13 32 13 16 39 6 18 8 3 26 9 4 2 1 808.91 0.384 
 
Figure 6-23: Energy distribution 
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Description 

It is observed that the fuelwood consumption increases with increase in the BPL 

percentage population. In the maximum consumption case the majority of the 

population are un-employed or practicing other/random jobs that come their way 

putting them in the lowest category of the per capita monthly income (Rs 0-5000/- per 

month). Further, West Pendam GPU has the least amount of carbon available as 

compared to the other two GPUs.  While in the minimum and median consumption 

condition the amount of carbon available is nearly same for both the GPUs. The 

distribution of education level, livelihood and per capita monthly income is almost 

similar too, but the fuelwood consumption varies drastically.  This can be due to 

fuelwood sourced from private plantations or collected from the forests as per their 

rights and concessions. The hypotheses can further be substantiated with data on 

energy options available to GPU. Figure 6.23 elaborates on the energy distribution 

pattern among the three GPUs. LPG gas and fuelwood are the two major sources of 

energy which is substantiated by kerosene.   

6.3.5 Discussion: East Sikkim  
 
This section includes the findings of the preliminary survey conducted by the team, post 

stakeholder’s consultation.   

On field observations: 

Fodder sources:  mainly consist of collection of fodder from forests during pruning of ficus, 

ground hop species, purchase from local markets (at rate of Rs 15/kg for dry grass and Rs 18/kg 

for crushed mustard) to stall feed the livestock.  

Fuelwood: Fuelwood collected from the forests i.e. dry, dead and fallen braches is used for 

fodder preparation. Fuelwood is accumulated during summers for monsoon season (6 months). 

For collection of fuelwood from the Reserved Forests permit is issued by Range / Block officer 

for carrying the headload. (1 headload= 15-20 kgs).  

Energy Source: The main energy source is LPG and Kerosene issued on ration card at 

subsidized rates. Since 2006 government of Sikkim has been promoting the usage of LPG. 

Timber:  It is purchased from private plantations or form auctions or through permits from 

Forest department. As per the permit, one tree per family and reuse of the old wood and tin 

sheet is provided under Indira Awaas Yojna.  

Livelihood Activities: The locals engage in seasonal vocational activities like tourism, driving, 

catering, local trading etc. as Sikkim’s economy thrives on tourism. They also participate in   



Analyzing Forest Carbon Accounts for Sustainable Policy Options with Special Reference to Livelihood Issues 

126 
 

NERGA, dairy and migratory labour work, forestry works like plantations, protection etc. In one 

of the surveyed villages 12 families worked in the forest department owned nursery, at the 

wage rate of Rs 130/day from 8 am - 4 pm. 

Livelihood intervention by the Forest Department: Forest department established JFMC in 

the surveyed area in 2003 under which 15 ha of native tree plantation and 5ha of bamboo 

plantation was achieved from 2008-10 with 90% success rate under Green India Mission. 

Plantations of native species were grown in the forest department owned nursery. From the 

JFMC bonus, Self Help Groups (SHGs) have been formed which promote handicraft made by 

women. Livelihood opportunities through forest nursery and plantation of ANR varieties, RPSS 

(medicinal plants), Bamboo and cane and SPPD (fodder species) have been undertaken in the 

surveyed villages. 

Impact on forest: Drastic improvement in forest density and quality has been observed by the 

locals because of (i) reduced fuelwood requirement and negligible fodder dependence on 

forests; (ii) high awareness level among the locals and in schools that encourage tree plantation 

activity wherein each child plants a tree and tends to it regularly; (iii) strong governance of the 

forest department. 

The respondents working in nursery have planted trees in the core area of the sanctuary and 

have seen improvement in the density and quality of the forest. They encourage environment 

protection and sustainable use of the resources to their children as awareness level is high 

among the locals because of easy access to education. Hence they are the true stewards of the 

forests. Organic farming is encouraged and practiced though the main concern is water 

availability as the forest primarily consists of Pine species and pressure on forests due to timber 

required for funeral ceremony. 

*************** 
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CHAPTER -7  

Suitability of Financial 
Mechanism & Market Linkages in 

the Forestry Scenario of India 

 
    

KEY FEATURES 

 Plantation Potential  
o Chhindwara District : 596.92 km2 of the Recorded Forest Area (RFA) 
o Carbon = 2.06 million t , Value @ USD 6/t = USD 12.36 million 
o East Sikkim District :  54.99 km2 of the RFA 
o Carbon = 0.41 million t , Value @ USD 6/t = USD 2.45 million 

 Payment for Ecosystem Services (PES)  
 Market mechanisms discussed 

o REDD+  
o A/R CDM  
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7 Suitability of Financial Mechanism and Market Linkages in the 
Forestry Scenario of India 

 

Contributing Authors: IIFM, Bhopal, FSI, Dehradun and IES, New Delhi 

 
On account of absence of internalization of positive externalities from forests, various 

ecological services provided by forest are used as free gifts of nature as public goods 

since no price tag is being attached to such services which has lead to not only use but 

overuse, misuse and abuse of forest resources of the country. However, in case of 

carbon sequestration service regulatory and voluntary market mechanisms have been 

established that incentivizes afforestation, reforestation and forest stock enhancement. 

This chapter discusses such existing and emerging mechanisms (A/R CDM and REDD+) 

and their relevance. Further, for the sites of Chhindwara and East Sikkim plantation 

potential was calculated and which is a quasi indicator and can be studied further to 

understand the applicability of A/R CDM and REDD+.  

‘Plantation potential' refers to the plantability of the area. The plantation potential of 

an area depends upon the several factors such as accessibility of the area, presence of 

proper seed bed, soil conditions, biotic interference, climatic factors e.g. temperature 

range, rainfall distribution etc.  The plantation potential for forests with crown density 

greater than 40% is of no significance as there is reduced possibility of new plantations. 

In all other cases the land class to which the inventory plot belongs is studied and it is 

observed whether the land has any potential for growing plantation. While determining 

the potentiality of the land, due consideration is given to aspect, soil depth (more than 

20cm), slope (less than 400), drainage, crop in the surrounding area, and other biotic 

and climatic factors. The area around the plot is classified and recorded as plantable, 

unplantable or not applicable as the case may be.  

According to forest inventory data of FSI, 596.92 km2 for Chhindwara district which is 

12.49% of RFA has been assessed with plantation potential which amounts to 2.06 

million t of carbon with a value of USD 12.36 million (per unit price assumed to be 

USD6). Similarly for East Sikkim 54.99 km2 has plantation potential which is 7.14% of 

RFA comprising of 0.41 million t of carbon which approximately values to USD 2.45 

million. The calculations are elaborated in table 7.1.  
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Table 7-1: Calculations for Carbon Stock Potential at Working Sites 

 CHHINDWARA EAST SIKKIM  
RFA km2 4781.00 770.00 
Plantation Potential km2 596.92 54.99 
% plantation potential of RFA 12.49 7.14 
Carbon Stock  million t  16.50 5.71 
Per km2 stock million t 0.0035 0.0074 
Plantation  carbon stock million t 2.06 0.41 
Current price USD 6 per t Carbon 
(assumed) 

12.36 2.45 

Million USD 12.36 2.45 
 

To develop the area defined under plantation potential for each district above, various 

mechanisms like A/R CDM and REDD+ exist. The following sections explain in detail 

these mechanisms and how the mechanisms be implemented. Section 7.1 explains the 

Payment for Ecosystem Services (PES) mechanisms, its concept and requisites for which 

markets can be developed for not only carbon but other services like watershed, 

landscape beauty etc 

7.1 Payment for Ecosystem Services 
An ecosystem is an ever-changing complex of living things interacting with the non-

living environment. The benefits people obtain from the ecosystem are called as 

Ecosystem services. As per Millennium Ecosystem Assessment classification, the 

services can be classified as provisioning services where goods are produced and 

provided by the ecosystem like food, water, fibre, etc.; regulating services, as benefits 

are obtained from regulation of the ecosystem processes. Climate regulation, flood 

control, water purification are some of the examples of regulating services; the non 

material benefits from the ecosystem like aesthetics, spiritual, educational, recreational 

services etc are the cultural services provided by the ecosystem that enrich the quality 

of life; most important services of the ecosystem are the supporting services that are 

needed to produce all other services like nutrient cycling, soil formation and primary 

productivity in the ecosystem (MA, 2005). 
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Figure 7-1: Ecosystem Services and the Human Well-being 

 

Source: MA, 2005 

Human are the integral part of ecosystems and their well being is directly tied to their 

ecosystems. Our actions not only shape our ecosystems but also determine our survival; 

this is illustrated in Figure 7.1.  With increasing population and economic development 

there is an increased conversion of natural ecosystems like forests to other land uses 

like agriculture, urban and industrial development, with an increased demand on their 

services like fresh water, food, etc. It is a vicious circle where resources and their 

services are interlinked with growth and development leading to exploitation of the 

resources and subsequent reduction of the services. This translates to increased 

pressure on the capacity of the natural ecosystems. We are asking more and more from 

natural ecosystems even as we reduce their capacity to meet our needs. 

Hence there is a need to develop incentives for conservation of resources so that the 

services are available in perpetuity. PES mechanisms promote conservation of natural 

resources in the marketplace. It is a voluntary transaction where well defined 

ecosystem service (ES) is being bought by ES buyer from an ES provider if and only if 

the ES provider secures the ES provisions, this the conditionality in the mechanism. 

(Wunder, 2005). PES is better than other market mechanisms as it tries to capture the 
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market externalities (positive or negative), non – excludability (excluding people from 

using the resource even when they do not pay for it) and the intangibility (maintaining 

the willingness to pay of users as flow of environmental services is not always 

apparent) of conserving common pool resources.  It is pro-poor and is based on mutual 

beneficiation of the ES buyer and the provider and hence is a direct approach to 

conservation; being voluntary and conditional in nature it is different from other 

market based approaches.   

There are four types of levels used for the remuneration of environmental services. 

They are briefly described below. 

1. ‘Payments for ES’ —it has a clear monetary association, which can raise 

ideological resistance (Wunder and Vargas 2005) and can be locally seen as 

conflicting with the option of in-kind payments. 

2. ‘Markets for ES’ —Market mechanisms face general restrictions in developing 

countries, but in addition, the localized nature of eco-services often limits 

competition on the supply side, sometimes creating de facto monopolies. 

Markets have some desirable features in terms of society’s resource allocation, 

so they are desirable long-term goals in some cases.  

3. ‘Rewards for ES’ — a terminology with an overtone of entitlement and justice for 

service providers being secured through a transaction: everybody who delivers a 

benefit should also be ‘rewarded’. This label has, for instance, been used by the 

RUPES program in Asia (“Rewarding the Upland Poor for Environmental 

Services”) (van Noordwijk, Chandler, and Tomich 2004).  However, this general 

connotation runs the danger of raising excessive expectations, since services that 

are neither highly valuable and/or not threatened are unlikely to find buyers.  

4. ‘Compensations for ES’—It refers appropriately to a direct or opportunity cost 

on behalf of the service supplier, which creates a moral justification and a 

societal rationality for paying. However, where ‘reward’ implies that everybody 

who delivers should be paid, ‘compensation’ restricts the scope to those who 

bear some costs — those who bear no costs do not need to be ‘compensated’. The 

term could be misleading when providers who suffer costs look not only for 

recompense, but also for a ‘provider’s surplus’ — gains from the transaction that 

exceed their costs and thus make them better off. In a strict sense, cost 
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compensation alone would barely have any poverty-alleviation impact on PES 

recipients. 

The next two sections describe the mechanisms that follow the PES mechanisms namely 

Afforestation/Reforestation Clean Development Mechanism (A/R CDM) and Reducing 

Emission from Deforestation and (forest) Degradation Plus(REDD+) in section 7.2 and 

3. 

7.2 A/R CDM  
What is A/R CDM? 

Clean Development Mechanism (CDM) is a mechanism under the Kyoto Protocol, to 

assist non- Annex I countries in achieving sustainable development and to assist Parties 

included in Annex I in achieving compliance with their quantified emission limitation 

and reduction commitments under Article 3 of the Kyoto Protocol. The general 

eligibility requirements of CDM are that (i) the host country is a Party to the Kyoto 

Protocol; (ii) it is participating voluntarily in the project activity; and (iii) it has 

designated a national authority (DNA) for the CDM.  

Forestry projects fall under the category of Afforestation / Reforestation (A/R) CDM. 

These projects aim to achieve net anthropogenic GHG removals by sinks, whether as a 

whole project or as a part of a project. They should satisfy the criteria of forest 

definition: 

 a minimum area of land of 0.05-1.0 hectare 

 tree crown cover (or equivalent stocking level) of more than 10-30 per cent 

 trees with the potential to reach a minimum height of 2-5 metres at maturity in-

situ.  

For the activities of reforestation i.e. the direct human-induced conversion of non-

forested land to forested land through planting, seeding and/or the human-induced 

promotion of natural seed sources, on land that was forested but has been converted to 

non-forested land. 

Afforestation : The direct human-induced conversion of land that has not been forested 

for a period of at least 50 years to forested land through planting, seeding and/or 

human-induced promotion of natural seed sources.  

The Indian DNA for participating in A/R CDM has defined forests as:  

 a minimum area of land of 0.05 ha 
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 tree crown cover of more than 15% 

 trees with the potential to reach a minimum height of 2 metres at maturity in-

situ. 

Further, the reforestation project activities should demonstrate that the land was not 

forest on 31 December 1989, while for afforestation project activities should 

demonstrate that for at least 50 years vegetation on the land has been below the 

thresholds adopted by the definition of forest.   

The data required for A/R CDM projects are: 

1. Aerial photographs or satellite imagery complemented by ground reference   

data; or  

2. A written testimony which was produced by following a Participatory Rural 

Appraisal (PRA) methodology or a standard PRA as practiced in the host country 

can be submitted.  

For developing A/R CDM Projects, the CDM project cycle shown in Figure is followed. 

The design phase consists of surveying the project area and developing the Project Idea 

note document, that summarizes the concept and project, followed by data collection 

phase foe developing the Project Design Document (PDD) using any one of the approved 

methodologies under UNFCCC found suitable for the project site. The PDD is then 

submitted to the DNA for approval, which is forwarded to Executive Board at UNFCCC 

for validation and registration of the project.  The project is then monitored and 

undergoes third party verification and certification by the Executive board for issuance 

of credits. 
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Figure 7-2: CDM Project Cycle   
 

 
Source: Adapted from www.unfccc.int 

 

Key points for A/R CDM project to get validated are that (i) the proposed activity is 

additional; (ii) project proponent have specified an approach to address barriers and 

(iii) the baseline and monitoring methodology has been approved, or is submitted in 

accordance with requirements and subsequently approved. 

  

Baseline: The sum of the changes in carbon stocks in the carbon pools within the 

project boundary that would have occurred in the absence of the proposed project 

activity. Once established, the baseline can be used to determine whether a CDM project 

activity is additional and the volume of additional greenhouse gas sequestrations 

achieved by a project activity.  

 

Additionality: It is the requirement that the GHG removals after the implementation of 

the A/R project activity are greater than those that would have occurred in the baseline 

scenario (the most plausible alternative scenario to the implementation of the A/R 

project activity).  

Barriers: To prove additionality the following barriers should be analysed and proved 

that one of these barriers would make it unfeasible to implement the project activity: 

Design

Validation/registration

Monitoring

Verification/certification 

Issuance
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Investment barriers - for example: similar activities have only been implemented with 

grants or other non-commercial finance terms; Debt funding is not available for this 

type of project activity; No access to international capital markets; Lack of access to 

credit. 

Institutional barriers - for example:  risk related to changes in government policies or 

laws; lack of enforcement of forest or land-use-related legislation; 

Technological barriers - for example, lack of access to planting materials; lack of 

infrastructure for implementation of the technology;  

Barriers related to local tradition, such as: Traditional knowledge or lack thereof, laws 

and customs, market conditions and practices; Traditional equipment and technology. 

There are two types of project methodologies:   

 Large Scale Projects 

 Small Scale Projects 

“Small-scale afforestation and reforestation project activities under the CDM” are those 

that are expected to result in net anthropogenic greenhouse gas removals by sinks of 

less than 16 kilo tonnes of CO2 per year and are developed or implemented by low-

income communities and individuals as determined by the host Party.  

Issues related to A/R CDM Projects 

 In forest areas, it is difficult to find areas suitable as per host country definition 

 Most of forest areas have been planted in states under various projects  

 For foresters, difficult to prove additionality; it is business as usual for them 

  Only scope under agroforestry/social forestry/waste lands 

 We might be having regional data on yield/increment only for major forestry 

species; but in plantations, we have different species for which we have no data 

7.3 REDD+ 
This section discusses the REDD+ architecture and highlights the need for information 

on various physical data pertaining to forest cover, degradation and deforestation rate, 

socio-economic dependence on forest stock, etc. to set up REDD + projects.  

7.3.1 What is REDD+  
REDD+ stands for Reducing Emissions from Deforestation and (forest) Degradation and 

includes incentives for positive elements of conservation, sustainable management of 

forests and enhancement of forest carbon stocks. It is an international mechanism 
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under negotiation within the UN climate talks and other international forums which will 

provide compensation to governments, communities, companies or individuals in 

developing countries for actions taken to Reduce Emissions from Deforestation and 

Forest Degradation below an established reference level (Global Witness, 2010). It 

incentivizes and rewards forest ecosystem conservation by generating forest 

conservation finance. The Forest Transition Curve in figure 1 gives an overview and 

scope of the mechanism. There are two points of consideration for a REDD+ project (i) 

land use change from non-forest to forest and (ii) stabilization and enhancement of 

forest.   Further, it is designed with the primary goal of mitigating climate change but it 

can also provide biodiversity co-benefits if the mechanism results in the retention of 

forests in countries harbouring substantial biodiversity (Busch et al., 2010).  

Figure 7-3: The Forest Transition Curve and REDD+ 

 
Source: Adapted from Lasco (2010) 
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7.3.2 Co-benefits of Carbon Sequestration 

Tropical forests like in India, harbour considerable biodiversity, being home to a range 

of plant and animal species2 and render various watershed functions and add to the 

landscape beauty. Hence conservation of forests would not only contribute to climate 

change mitigation but also deliver considerable co-benefits in form of community well-

being, watershed, landscape, biodiversity conservation and other ecosystem services 

that might be included in REDD+.  It evolved in response to a growing recognition of the 

need to preserve the standing forest stocks and promote growth of forests to sequester 

carbon. It is expected to focus on biodiversity conservation and community 

participation (Lal et al., 2011). 

At the international level at Conference of Parties(COP) 14 Poznan, Subsidiary Body on 

Scientific and Technological Advice (SBSTA) in its 29th meeting referred to REDD+ as 

“reducing emissions from deforestation and forest degradation in developing countries, 

and the role of conservation, sustainable management of forests and enhancement of 

forest carbon stocks in developing countries.”3 

The developing countries are at the moment developing their REDD+ architecture and 

the full scope of activities, in line with the phased process outlined in the Cancun 

Agreement in December 2010 at COP16. The phases are as follows: 

 Phase 1: Readiness–Development of national plan, policies and measures, 

and capacity building. 

 Phase 2: Implementation of the readiness plan and technology transfer 

from the developed nations with result-based demonstration activities. 

 Phase 3: Reporting result-based actions with full measurement, reporting 

and verification. 

Currently, there are ongoing international negotiations on how to include REDD+ in the 

regulatory framework of the UNFCCC. There are also proposals on mainstreaming co-

                                                             
2Collaborative Partnership on Forests (2008).Strategic Framework for Forests and Climate Change.A  Proposal 
by the Collaborative Partnership on Forests for a Coordinated Forest-Sector Response to Climate Change. 
Collaborative Partnership on Forests; referred in  http://www.cpfweb.org/32827-
08e7636a82889dec5cd50df093f056b73.pdf 
 
3http://unfccc.int/files/methods_science/redd/application/pdf/the_history_of_redd_carbon_planet.pdf 
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benefits such as biodiversity conservation, community involvement concerns in the 

design of REDD+.  

The Indian stance:  The potential policy approach presented by India has been named 

“Compensated Conservation which is intended to compensate the countries for 

maintaining and increasing their forests as carbon pools as a result of conservation and 

increase/improvement in forest cover backed by a verifiable monitoring 

system.”4(MoEF, 2010 a). Further, the MoEF (2010 b) defined REDD+ as a mechanism 

that “goes beyond merely checking deforestation and forest degradation, and includes 

incentives for positive elements of conservation, sustainable management of forests and 

enhancement of forest carbon stocks.” 

7.3.3 REDD+ Architecture  

The major components of REDD+ that will contribute to its effective, efficient 

implementation are as follows;  

a) Forest reference (emission) level:  It defines the reference period and scale 

against which the activities within scope are measured (Parker et al., 2008). The 

baseline approach is critical to the success of a REDD + mechanism because it 

affects the quantity, credibility, and equity of credits generated from efforts to 

reduce forest carbon emissions (Griscom et al.). FRL should be developed in a 

transparent, comprehensive and accurate manner. Further according to COP17 

sub-national approaches should constitute a step towards developing a national 

reference level adjusted for national circumstances.  For constructing the FRL the 

components are: 

1. Forest definition to be used by the country. 

2. Defining significant carbon pools to be included. 

3. Establishing an historic time period for emission estimates. 

4. Estimating area converted to other land uses as per the latest IPCC 

guidelines. 

5. Establishing trends in forest conversion, deforestation and 

degradation. 

6. Analysing the drivers of deforestation and degradation. (Meridian 

Institute, 2011). 
                                                             
4(FCCC/SBSTA/2007/Misc.2) 
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b. Financing mechanism: It can either be a fund or market based approach. 

REDD+ financing mechanism is proposed to be ‘result-based-actions by 

‘result-based financing’ from private, public, bilateral, multilateral and 

alternative sources. Governments in REDD+ countries should ensure 

balanced investments within and outside the forest sector in order to address 

the drivers of deforestation and forest degradation (UNFCCC, 2012). The 

international community is still deciding on the framework mechanism to 

catalyse financing in all phases of REDD+.   

c. Governance: has to be inclusive and it will provide the framework for the 

execution/implementation of REDD+.  

d. Equitable benefit sharing: It deals with the allocation of incentives and 

benefits across all stakeholders of the REDD+ projects.  The approaches for 

distribution are both vertical (bottom up approach that benefits different 

stakeholders along the REDD+ structure) and horizontal (distribution among 

the communities) (Mayers et al., 2010). 

e. MRV (Monitoring, Reporting and Verification) methodology: The 

historical data for FRL and also the new data collected have to adhere to 

internationally accepted standards. The forest monitoring system would be 

based on remote sensing combined with extensive ground-truthing.  

f. Co-benefits: Notable co-benefits that are generated from the REDD+ 

mechanism are livelihood generation and biodiversity conservation. 

7.4 REDD+: Carbon Market Potential 

Even though the process for mobilization of funds to support REDD+ is still not decided 

and is being negotiated at the UNFCCC the voluntary carbon markets might provide an 

alternate funding mechanism to kickstart projects.   

During 2009 -10 the REDD+ market share in the voluntary market space increased from 

55.4 MtCO2e to 125 MtCO2e.  The rise of REDD’s market share in this market space 



Analyzing Forest Carbon Accounts for Sustainable Policy Options with Special Reference to Livelihood Issues 

140 
 

(+500% from 2009)5 can be attributed to formal recognition for REDD and REDD+ for 

climate change mitigation (Nicholas et al., 2011).  The investment in REDD+ is 

envisaged to grow further as the mechanisms, methodologies and technicalities are 

established. The potential can be leveraged through well-designed activities. 

India and REDD+ 

 FSI defines forests as “all the lands, more than one hectare in area, with a tree canopy 

density of more than 10%.”  The present Indian forest cover according to the I-SFR 2011 

data 2.54 % of forest is very dense forest, 9.76 % of moderately dense, 8.75 % of open 

forests, while 1.28 % comprise of scrub land. Further, 21.02 % of the nation’s 

geographical area is under forest cover6 (69.20 m ha) (I-SFR, 2011).  

Degradation: The canopy density, though not a complete indicator for measurement of 

degradation, is an indicator of the quality of forest. The change from VDF to 

MDF/Scrub/OF represents degradation for which drivers need to be identified.  

Deforestation: Identifying deforestation at the national level can be very tricky. 

Deforestation as defined in the Marrakesh Accord is the human induced conversion of 

forested land to non-forested land for a long period of time. Ravindranath et al. (2012) 

in their paper have assessed that when the forest cover analysis is broken down at the 

district level, the real picture of area being deforested in the state emerges, which 

otherwise is masked net forest cover change statistics at state/national level.   For 

REDD+ to work, it is important to integrate the components and connect data bottom-

up, i.e. from the site country level. 

Forest carbon accounting: The increase in forest area is included under the 

enhancement component of REDD+. Further, the I-SFR (2011) has estimated the forest 

                                                             
5Survey respondents transacted 16.7 MtCO2e REDD offset credits in 2010, up from 2.8 MtCO2e in 2009.  

Source: Ecosystem Marketplace and Bloomberg New Energy Finance Note: Preliminary Findings, dated April 

2010.  

 
6The forest cover is measured through canopy density. The canopy density classifications used are (i) very dense 
forest (VDF) – All lands having tree cover with canopy density more than 70%.; (ii) moderately dense forests 
(MDF) – All lands having a tree cover with canopy density between 40% and 70% ; (iii) open forests (OF) – All 
lands having a tree cover with canopy density between 10% and 40% and ; (iv) scrub – All forest lands with 
poor tree growth, mainly small or stunted trees with canopy density less than 10%. 
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carbon account of five major pools, viz. above ground biomass, below ground biomass, 

soil carbon, deadwood and litter since 1994, for which India has established its own 

species-specific key-data factors.  

7.5 Developing REDD+ Project: Brief Steps 

The development of a REDD+ activity starts with identifying a pilot/target site. After 

identifying a suitable site for the project, the project proponents have to design the 

project baseline, which includes the pre-project scenario and what would have occurred 

on the project site in the absence of the project interventions. This can be done by using 

Remote Sensing Data and Geographic Information Systems (GIS).  In addition the 

project proponent needs to carry out socio economic studies to identify major drivers of 

forest loss or those drivers that prohibit forest increase and suitable interventions to 

address these. A high degree of involvement of the local communities in this process is 

pivotal to the success of the project activity.  Thereafter the emission reductions that 

may arise from the project owing to the interventions need to be recorded. These 

projections are based on the enhancement of forest carbon stocks in the region or the 

avoidance of loss of stocks. Once all the above information has been collated it needs to 

be presented in a definitive format, as prescribed by the standard being used, in the 

PDD for validation by a certified auditor. The project once validated is liable to earn 

carbon credits, however subject to recurring stringent monitoring of the on-ground 

performance and verification by auditors.  In the readiness phase and demonstrating 

the effectiveness of the REDD+, funds can be earmarked in the various ongoing 

programmes/projects, including externally aided forestry projects, which can be used 

for giving incentives to the communities.   
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Figure 7-4: Steps Involved in Designing a REDD+ Project 

 

7.6 Way Forward for REDD+ Readiness 

While international architecture and financial arrangements for REDD+ are being 

evolved, the State Forest Departments (SFDs) can start Capacity Building activities 

towards REDD+ compliance, at the communtiy level and within the deaptmentnet as 

well.  The following activites can be conducte dsuch that the communities livelihood 

opportunities increase simultneously mainitaining the forest carbon stock.  

1. Develop understanding of the REDD+ mechanism hrough consultations with 

experts, training workshops, multi-stakeholders meetings, focussed group 

discussions, etc. highlighting the role that the communtities and SFD can play. 

2. Conduct stakeholder workshops with the forest dependent communities with 

agenda on integrating and defining the role of each stakeholder in 

i. developing mechanisms to assess forest condition  and biodiversity  

ii. ensuring safeguards for the communities 

3. Biodiversity conservation is an important co-benefit of REDD+  which can be 

achieved only through the combined efforts of the community and SFD. Activities 

taken up for restoration of degraded forests under the National Afforestation 

Site Selection

Baseline Development

Socio -Economic Assessment to Identify Project Activity

Calculation of Emission Reductions
+

Sequestration Potential

Validation
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Programme (NAP), Compensatory Afforestation Fund Management and Planning 

Authority(CAMPA), and Externally Aided Projects ANR and plantation activities 

should be refined/reoriented to maintain/increase biodiversity, which will also 

enhance their livelihood support potential and sustainability (Bansal et al. 2011).  

4. Carbon assessment is integral to REDD+. In India, FSI, Dehradun conducts the 

NFI which includes carbon assessment. The SFDs should train teams for carbon 

assessment at forest division, range, forest block/compartment level based on 

NFI- carbon methodology.  

The capacity building exercise at the community level would empower the people, and 

eventually bring a change in their forest-dependence linkage. Further, the 

recommendations and interventions elaborated in the next chapter would enable 

developing sites for the mechanisms discussed above.  

********** 
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CHAPTER -8 
Recommendations for Sustainable 
Management of Forests of India 

 

    

      

KEY RECOMMENDATIONS 

 Time series data 

 Forest carbon census 

 True value of carbon 

 Development of simple toolkit for calculation 

 Capacity building on modelling 

 Development of All India model  

o Forest density wise 

o Forest type wise 

 Connect with livelihoods  

 Incentives on conservation 
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8  Recommendations for Sustainable Management of Forests of India 
 

Contributing Authors: IIFM, Bhopal and IES, New Delhi 
 

8.1  Desired Interventions as per Outcomes 

1. Forest carbon census: The model should be updated with Forest carbon census 
data from Forest Survey of India (FSI). 

2. Socio Economic Data: There needs to be repetitive data gathering on socio 
economic parameters in the target project areas for the model. FSI and Indian 
Counsil for Forestry Research and Education (ICFRE) have already begin to 
include socio economic data in their on- going field assessments which could be 
used in our model. 

3. Capacity building of State Forest Department on modelling: The toolkit 

developed can be refined into a sophisticated model managed and continually 

improved by the State Forest Department based on the time series datasets 

which would require strengthening the technical capabilities of the department 

in relevant technologies like GIS, MIS, systems thinking, computer programming 

skills on which the model would be based and application of statistical 

techniques. 

4. All India model:  In collaboration with the various states the model can be up-
scaled to national level. The model can cover the nation physiographic zone wise 
with livelihood correlation further divided into each physiographic zone. 

5. Connect with livelihoods: Villages within 5 km of the forest area derive their 
livelihood from forests and other developmental projects irrespective of the 
education level. Hence for sustainable management of the forests,  appropriate 
livelihood opportunities of the villagers as emerges from scenario runs of the 
model  should be increased such that it encourages and promotes conservation 
of the forests.  Incentives on conservation- Conservation efforts by the 
community should be incentivised by designing various rewards including 
payments for ecosystem services, like payments from REDD+, CDM, etc.   

6. Recommendations for Project Site Chindawada: (i) Livelihood opportunities 
need to be enhanced as even the literate villagers practise casual labour because 
of lack of better livelihood opportunities; (ii) 63-97% of total carbon 
consumption is for fodder, which is comparatively very high.  In order to reduce 
the pressure on the forests stall feeding should be encouraged and provision of 
green fodder as seen in Sikkim should be provided. Willingness is evident but 
due to lack of resources the villagers are unable to do so.  

******************** 
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Glossary  
 

Additionality: for a sink project would imply that the carbon sequestration that occurs 
in the project scenario would not occur otherwise.  

Afforestation: Planting of new forests on lands that historically have not contained 
forests.  

Baseline: Or the “without project” scenario represents the carbon stock projections for 
the project area in the absence of the project. The carbon stock changes during project 
implementation are useful in demonstrating additionality. In case there is no natural 
regeneration in the project scenario, the baseline can be assumed to be constant as 
before project implementation.   

A/R CDM Project Activity: An afforestation or reforestation measure, operation or 
action that aims to achieve net anthropogenic GHG removals by sinks, whether as  
whole project or as a part of a project.  

Canopy: The cover of branches and foliage formed by the crown of trees. 

Canopy density: Percent area of land covered by the canopy of trees. It is expressed as 
a decimal coefficient, taking closed canopy as unity. 

Carbon Credits : Carbon credits as defined by Kyoto protocol are one metric ton of 
carbon emitted by the burning of fossil fuels. 

Carbon Stock: The quantity of carbon contained in a “pool”, meaning a reservoir or 
system which has the capacity to accumulate or release carbon. 

Carbon Flux: The transfer of carbon from one carbon pool to another which includes 
net primary productivity and heterotrophic respiration.  

Climate Change: Framework Convention on Climate Change (UNFCCC), in its Article 1, 
defines climate change as: “a change of climate which is attributed directly or indirectly 
to human activity that alters the composition of the global atmosphere and which is in 
addition to natural climate variability observed over comparable time periods.” The 
UNFCCC thus makes a distinction between climate change attributable to human 
activities altering the atmospheric composition, and climate variability attributable to 
natural causes. 

Climate Variability: Climate variability refers to variations in the mean state and other 
statistics (such as standard deviations, the occurrence of extremes, etc.) of 
the climate on all spatial and temporal scales beyond that of individual weather events. 
Variability may be due to natural internal processes within the climate system (internal 
variability), or to variations in natural or anthropogenic external forcing (external 
variability). 
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Ecosystem Services: An ecosystem is a constantly changing complex of animate beings 
interacting with the non-living environment. The benefits people obtain from the 
ecosystem are called as Ecosystem Services. According to Millennium Ecosystem 
Assessment classification, the services can be classified as provisioning services where 
goods are produced and provided by the ecosystem like food, water, fibre, etc.; 
regulating services, as benefits are obtained from regulation of the ecosystem processes. 
Climate regulation, flood control, water purification are some of the examples of 
regulating services; the non-material benefits from the ecosystem such as aesthetics, 
spiritual, educational, recreational services, etc. are the cultural services provided by 
the ecosystem that enrich the quality of life; most important services of the ecosystem 
are the supporting services that are needed to produce all other services like nutrient 
cycling, soil formation and primary productivity in the ecosystem.   

Equivalent Carbon dioxide (CO2) Emission: The amount of carbon dioxide emission 
that would cause the same integrated radiative forcing, over a given time horizon, as an 
emitted amount of a well-mixed greenhouse gas or a mixture of well mixed greenhouse 
gases. The equivalent carbon dioxide emission is obtained by multiplying the emission 
of a well-mixed greenhouse gas by its Global Warming Potential for the given time 
horizon. For a mix of greenhouse gases it is obtained by summing the equivalent carbon 
dioxide emissions of each gas. Equivalent carbon dioxide emission is a standard and 
useful metric for comparing emissions of different greenhouse gases but does not imply 
the exact equivalence of the corresponding climate change responses. 

GHGs: Greenhouse gases are those gaseous constituents of the atmosphere, both 
natural and anthropogenic, that absorb and emit radiation at specific wavelengths 
within the spectrum of thermal infrared radiation emitted by the earth’s surface, the 
atmosphere itself, and by clouds. This property causes the greenhouse effect. 

Global Warming Potential (GWP): An index, based upon radiative properties of well-
mixed greenhouse gases, measuring the radiative forcing of a unit mass of a given well-
mixed greenhouse gas in the present-day atmosphere integrated over a chosen time 
horizon, relative to that of carbon dioxide. The GWP represents the combined effect of 
the differing times these gases remain in the atmosphere and their relative effectiveness 
in absorbing outgoing thermal infrared radiation.  

The Intergovernmental Panel on Climate Change (IPCC): is the leading international 
body for the assessment of climate change. It was established by the United Nations 
Environment Programme (UNEP) and the World Meteorological Organization (WMO) in 
1988 to provide the world with a clear scientific view on the current state of knowledge 
in climate change and its potential environmental and socio-economic impacts. 
Leakages: in a forestry mitigation project can result from unaccounted extraction from 
the project site, induced deforestation outside the project boundary, incomplete 
inclusion of carbon pools in baseline calculation, emission from which may occur during 
the project’s lifetime. 
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Carbon Stock: The quantity of carbon contained in a “pool”, meaning a reservoir or a 
system which has the capacity to accumulate or release carbon. 

Mitigation: A human intervention to reduce or enhance the sinks of GHGs. 

Non-Permanence: It is resultant from the temporary nature of greenhouse gas removal 
by sinks. The benefits of GHG removals by the sink project might be reversed at the end 
of the project. 

Project Design Document (PDD): PDD is the key document involved in the 
validation and registration of a CDM project activity. It is one of the three documents 
required for a CDM project to be registered, along with the validation report from 
the designated operational entity (DOE) and the letter of approval from the designated 
national authority (DNA). 

Recorded Forest Area: The area recorded as forest in the government records. 

Reforestation: Planting of forests on lands that have previously contained forests but 
that have been converted to some other use. 

Reserved forests : An area so constituted under the provisions of the Indian Forest Act 
or other State Forest Acts, having full degree of protection. In Reserved forests, all 
activities are prohibited unless permitted. 

Sink: Any process, activity or mechanism that removes a greenhouse gas, an aerosol or 
a precursor of a greenhouse gas or aerosol from the atmosphere. 

Source: Any process, activity or mechanism that releases a greenhouse gas, 
an aerosol or a precursor of a greenhouse gas or aerosol into the atmosphere. 

Tree: A large woody perennial plant having a single well defined stem (bole or trunk) 
and a more or less definite crown. It also includes bamboos, palms, fruit trees, etc. and 
excludes non-perennial non-woody species like banana and tall shrubs or climbers. For 
the purpose of assessing growing stock and tree cover, only those trees having diameter 
at breast height (dbh) of 10 cm or more are measured. 

Tree cover: It comprises tree patches outside the recorded forest area exclusive of 
forest cover and less than the minimum mappable area of 1 ha. Such small patches 
comprising block, linear and scattered trees are not delineated as forest over during 
interpretation of satellite data. The areas of scattered trees are computed notionally. 

United Nations Framework Convention on Climate Change (UNFCCC): The 
Convention was adopted on 9 May 1992 in New York and signed at the 1992 Earth 
Summit in Rio de Janeiro by more than 150 countries and the European Community. Its 
ultimate objective is the “stabilisation of greenhouse gas concentrations in the 
atmosphere at a level that would prevent dangerous anthropogenic interference with 
the climate system.” 
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Uptake: The addition of a substance of concern to a reservoir. The uptake of carbon 
containing substances, in particular carbon dioxide, is often called (carbon) 
sequestration. 
 
 
Source: IPCC WG-III (2007) and UNFCCC documents. 
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Annexure I- Policy Analysis 
Name of Policy: Forest (Conservation) Act, 1980. 

Policy Scope: This act prohibits the state governments from allowing the use of forest lands 
for any purpose without the approval of the central government extended to the whole of 
India, except the state of Jammu and Kashmir. Subsequently, the powers conferred by this act 
were enhanced by the Forest Conservation Amendment Act of 1988. 

Date of Adoption: The government of India issued the Forest (Conservation) Ordinance on 
October 25, 1980.  

Main Area of Focus:   a) Restriction on the de-reservation of forests or use of forest land for 
non-forest purpose. The amendment forbade the state governments to assign by way of lease 
or otherwise any forest land or any portion thereof, to any private person or to any authority, 
corporation or agency of any other organisation not owned, managed or controlled by 
government, without previous sanction of the central government. 

     b) The Act also prohibits the states from approving any breaking up or clearing of forest 
land for any purpose other than reforestation without central government approval. 

State/ Central, Implementing Authority:  The Central Government may, by notification in 
the Official Gazette, makes rules for carrying out the provisions of this Act. 

Correlation to Forest Stock, biomass and carbon: No State Government or other authority 
shall make, except with the prior approval of the Central Government, any order directing 

De-reservation of reserved forests,  

that any forest land or any portion thereof may be used for any non-forest purpose;  

that any forest land or any portion thereof may be assigned by way of lease or otherwise to 
any private person or to any authority, corporation, agency or any other organisation not 
owned, managed or controlled by Government 

that any forest land or any portion thereof may be cleared of trees which have grown 
naturally in that land or portion, for the purpose of using it for re-afforestation. 

The Forest Conservation Act actively discourages private sector involvement on state forest 
lands 

According to Forest Conservation Act, 1980, when after careful consideration forest land is 
released for any infrastructure projects, it is mandatory for compensatory plantations to be 
raised on an equivalent non-forested land or equal to double the area on degraded forestland. 

A favourable impact of this Act has been the reduction in rate of tree cover decline since the 
mid-1980s. Some of the reasons for such positive outcome were – a complete ban on green 
felling, reduction in the importance of revenue from logging in comparison to other sources 
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for the states, the spread of farm forestry, and the success of Joint Forest Management (JFM) 
in regenerating degraded forest lands. 

The policy set the target to increase forest cover to 33 per cent of India’s land area. It 
advocated that this area be further increased to two-thirds in the hills to prevent erosion and 
land degradation and to ensure the stability of the fragile ecosystems. 

Correlation to Livelihoods (+/-): The Act provides for judicious non-forestry use of forest 
land irrespective of the area being tribal or non-tribal. Since 1980, permission for diversion of 
forestland for non-forestry purposes under the Act has been granted in respect of more than 
11,000 developmental projects. In case of tribal areas, the Central Government has issued 
Guidelines for conversion of forest villages into revenue villages under this Act. 

The 1988 policy marked a drastic departure from the earlier stand of strict conservation. For 
the first time, tribal and rural needs were taken into consideration, and recognition was given 
to the fact that the rights and concessions of the tribal people and others whose life depends 
on forests should be fully protected. The principal aim was to ensure environmental stability 
and ecological balance between all life forms. This was limited by only one caveat, that the 
rights and concessions should always remain related to the carrying capacity of forests. 

The 1988 Policy paved the way for the implementation of JFM. A GOI circular provided 
guidelines for the “involvement of village communities and voluntary agencies in the 
regeneration of degraded forests” to all states and union territories. This document, for the 
first time, specified the rights local communities have over forest lands, giving those charge 
with protecting forests usufructs such as grasses, Non Timber Forest Products (NTFPs), and a 
portion of the proceeds (ranging from 20 to 100 per cent) from the sale of trees when they 
mature. In the ensuing years, a number of state governments have passed enabling resolutions 
to carry out the intent of the guidelines and started JFM programmes.            

Note:  This policy treated forests first as an ecological necessity; second as a source of goods 
for use by the local populations, with particular emphasis on non-timber forest products; and 
third as a source of wood and other products for industry. The major role of Forests 
Development Corporations was changed to rehabilitation of wastelands. 
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Name of Policy: Biological Diversity Act 2002 

Policy Scope: Aims to promote conservation, sustainable use and equitable sharing of 
benefits of India’s biodiversity resources, including habitats, cultivars, domesticated stocks 
and breeds of animals and micro-organisms 

Date of Adoption: 5th February, 2003 

Main Area of Focus:  

a) Conservation of biological diversity 

b) Sustainable use of its components 

c) Fair and equitable sharing of the benefits arising out of utilization of genetic resources. 

State/ Central, Implementing Authority:   

Central: National Biodiversity Authority 

 State: State Biodiversity Board 

 Local Level: Biodiversity Management Committees 

NBA: NBA deals with all matters relating to requests for access by foreign individuals, 
institutions or companies, and all matters relating to transfer of results of research to any 
foreigner. 

State Biodiversity Boards (SBB): All matters relating to access by Indians for commercial 
purposes is under the purview of the State Biodiversity Boards (SBB). The Indian industry is 
required to provide prior intimation to the concerned SBB about the use of biological 
resource. The State Board will have the power to restrict any such activity, which violates the 
objectives of conservation, sustainable use and equitable sharing of benefits. 

Biodiversity Management Committees (BMCs): Institutions of local state government will 
be required to set up biodiversity management Committees in their respective areas for 
conservation, sustainable use, documentation of biodiversity and chronicling of knowledge 
relating to biodiversity. NBA and SBBs are required to consult the concerned BMCs on 
matters related to use of biological resources and associated knowledge within their 
jurisdiction. 

Correlation to Forest Stock, biomass and carbon: The Act aims at protecting India’s rich 
biodiversity and associated knowledge against their use by foreign individuals and 
organizations without sharing benefits arising out of such use and checking biopiracy. It 
provides for regulated access to biological and genetic resources by user for different 
purposes, including scientific research, commercial uses, biosurvey, bio-utilization, 
conservation and other sustainable uses, etc. NBA can revoke an approval granted to an 
applicant if there is a threat to environment and biodiversity conservation. The Act imposes 
restriction on request related to access to biological resources if the request is on endangered 
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taxa, endemic and rare taxa, cause genetic erosion or disrupt ecosystem function. The 
convention has specific provision to notify any species which is on the verge of extinction (or 
likely to become extinct in the near future) and prohibit or regulate collection of such species 
for any purpose and take appropriate steps to rehabilitate and preserve those species. In 
addition, the State government in consultation with the local bodies can declare areas of 
biological importance as biological heritage sites. State biodiversity fund shall be used for 
management and conservation of such sites. The Act provides for the set up of Biodiversity 
Management Committee, constituted by the local body for the purpose of promoting 
conservation, sustainable use and documentation of biological diversity. The main function of 
the BMC is to prepare people’s biodiversity register in consultation with local people. The 
Register shall contain comprehensive information on availability and knowledge of local 
biological resources, their medicinal or any other use or any other traditional knowledge 
associated with them. 

 (India has created a database of traditional knowledge – called the Traditional Knowledge 
Digital Library (TKDL) – managed by the Council of Scientific and Industrial Research 
(CSIR). The TKDL is a computerised database of documented information available in 
published texts of Indian systems of medicine. So far over 2 lakh formulations of Ayurveda, 
Siddha, Unani and Yoga have been documented into the TKDL on 34 million pages of 
information, over a period of 8 years). 

Correlation to Livelihoods (+/-): This Act is an important step in the attempts to assert the 
sovereign rights of the people of India over their genetic and biological diversity resources, 
and to claim a share of benefits flowing from commercial utilization of biological diversity 
resources including the use of any associated knowledge of Indian origin, even if it be in the 
public domain or held as a part of an oral tradition. The Biological Diversity Act, 2002, 
allows free access to biological resources for use within India for any purposes other than 
commercial use to the local people and communities of the area, including growers and 
cultivators of biodiversity, vaids and hakims, who have been practising indigenous medicine.  
The Act imposes restriction on request related to access to biological resources and 
traditional knowledge if the request would likely cause adverse effects on the livelihood of 
the local people.  

In addition, the Act  includes provision for benefit sharing, which includes: grant of joint 
ownership of intellectual property rights to the identified benefit claimers, better living 
standards to the benefit claimers as a result  of the setup of research and development unit in 
these areas, association with local people for research and development in biological 
resources, bio-survey and bio-utilization, setting up of venture capital fund for aiding the 
cause of benefit claimers, and payment of monetary compensation and other non-monetary 
benefits to the benefit claimers as the National Biodiversity Authority may deem fit. 
Provision of setting up of biodiversity funds at Central, State and Local level are provided. 
The monetary benefits, received as fees and royalties for the approval by NBA is deposited in 
the National Biodiversity fund and used for conservation and development of the areas from 
where the resource has been accessed. Benefits will be given directly to individuals or group 
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of individuals only if the biological resource or associated knowledge is directly accessed by 
them. In all other cases, monetary benefits will be deposited in the National biodiversity fund. 

In short, the various opportunities to local communities from the provisions of this Act are as 
follows: 

1 Community regulation of access to local biodiversity resources leading to sustainable 
harvests, 

2 Promoting knowledge-based sustainable management of agriculture, livestock, fish, 
forests and public health so as to enhance the quality of life of the community members, 

3 Opportunities to generate funds through imposition of collection fees for access to 
biodiversity resources, 

4 Conserving valued resources, 
5 Value addition to biodiversity resources, 
6 Recording of biodiversity related knowledge, pertaining to management issues, 
7 Sharing in the benefits of commercial application of local knowledge. 
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Name of Policy: National Action Plan on Climate Change 

Policy Scope: Outlining existing and future policies and programs addressing climate 
mitigation and adaptation. The plan identifies eight core “national missions” running through 
2017. Emphasizing the overriding priority of maintaining high economic growth rates to raise 
living standards, the plan “identifies measures that promote our development objectives while 
also yielding co-benefits for addressing climate change effectively.” It says these national 
measures would be more successful with assistance from developed countries, and pledges 
that India’s per capita greenhouse gas emissions “will at no point exceed that of developed 
countries even as we pursue our development objectives.” 

Date of Adoption: June 30, 2008 

Main Area of Focus: The eight core “National Missions” are: National Solar Mission; 
National Mission for Enhanced Energy Efficiency; National Mission on Sustainable Habitat; 
National Water Mission; National Mission for Sustaining the Himalayan Ecosystem; National 
Mission for a “Green India”; National Mission for Sustainable Agriculture; National Mission 
on Strategic Knowledge for Climate Change. 

State/ Central Implementing Authority:   

1 National Solar Mission: - Ministry of Non-Renewable Energy Sources 
2 National Mission for Enhanced Energy Efficiency: - Ministry of Power 
3 National Mission on Sustainable Habitat: - Ministry of Urban Development 
4 National Water Mission: - Ministry of Water Resources 
5 National Mission for Sustaining the Himalayan Ecosystem: - Ministry of Science & 

Technology 
6 National Mission for a “Green India”:- Ministry of Environment & Forests 
7 National Mission for Sustainable Agriculture: - Ministry of Agriculture 
8 National Mission on Strategic Knowledge for Climate Change: - Ministry of Science & 

Technology 

Correlation to Forest Stock, biomass and carbon: The impacts of climate change would 
lead to reduction in yields of forest biomass. 

The untapped energy potential of each of the three generic solar based energy approaches (i.e. 
solar PV, solar thermal, and biomass) is well beyond current usage levels. In the long term 
the National Solar Mission would aim to network Indian research efforts in solar technology 
with global initiatives in these three areas, so as to enable delivery of solar solution to India’s 
need in tandem with developments worldwide. 

Under the National Mission for Enhanced Energy Efficiency a fuel switch is advised, 
switching over from fossil fuels to producer gas from biomass fuels for various thermal 
applications. 

With National Mission on Sustainable Habitat, promoting energy efficiency in the residential 
and commercial sector is to be done. 
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National Mission for a –Green India- proposes to increase the forest cover and densities as 
forest sequester billions of tons of carbon dioxide in the form of biomass and soil carbon. 

Along with the eight core objectives, India under NAPCC has 24 other “Critical Initiatives” 
one of which being Other Renewable Energy Technologies Programmes, covering biomass 
based popup generation technologies.   

The Carbon Stocks in Indian forests have increased over the last 20 years to 9-10 gigatons of 
carbon (GtC) during 1986 to 2005. Having 16% of the World’s population but emitting only 
4.6% of the global Carbon Dioxide.Under the National Mission for a –Green India- 
Enhancement of ecosystem services is to be done with inclusion of carbon sinks, forests also 
constitute one of the most effective carbon-sinks 

Correlation to Livelihoods: Climate change may alter the distribution and quality of India's 
natural resources and adversely affect the livelihood of its people. With an economy closely 
tied to its natural resource base and climate sensitive sectors such as agriculture, water and 
forestry, India may face a major threat because of the projected changes in climate. National 
Mission on Strategic Knowledge for Climate Change is to study socio-economic impacts as 
result of climate change on health, demography, mitigation patterns and livelihoods in India. 

Within the National Water Mission conservation of wetlands is a major agenda, wetlands 
being a source of livelihood for many. 

National Mission for Sustaining the Himalayan Ecosystem aim at the promotion of 
sustainable tourism through adoption of "best practice" norms for tourism facilities and 
access to ecological resources, and multi-stakeholder partnerships to enable local 
communities to gain better livelihoods. 

National Mission for a –Green India- proposes to increase the forest cover and density as they 
form the backbone of forest-based communities in terms of livelihood and sustenance. 

National Mission for Sustainable Agriculture focuses on four areas crucial to agriculture in 
adapting to climate change, namely dry-land agriculture, risk management, access to 
information, and use of biotechnology as agriculture is vital to India's economy and the 
livelihood of its people. 

Implementation of NAPCC policies would give rise to a number of jobs and job opportunities 
at different levels thus having a huge effect on the livelihood of India.    
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Name of Policy: Green India Mission 

Policy Scope: Double the area to be taken up for afforestation /ecorestoration in India in the 
next 10 years, taking the total area to be afforested or eco-restored to 20 million ha. Increase 
the GHG removals by India’s forests to 6.35% of India’s annual total GHG emissions by the 
year 2020.Enhance the resilience of forests/ecosystems being treated under the Mission 

Date of Adoption: June 30, 2008 

Main Area of Focus:  The scope of greening will not be limited to just trees and plantations, 
but emphasis will be on restoration of ecosystems and habitat diversity e.g. grassland and 
pastures (more so in arid/semi-arid regions), mangroves, wetlands and other critical 
ecosystems. It will not only strive to restore degraded forests, but would also contribute in 
protection/enhancement of forests with relatively dense forest cover (in line with country 
strategy on REDD Plus).  

The Mission would foster an integrated approach that treats forests and non forest public 
lands as well as private lands simultaneously, in given project unit / sub-landscape/sub- 
watershed. 

The Mission would provide for mitigation / adaptation measures that enhance ecosystem 
goods and services, particularly carbon stocks, water, and meet biodiversity conservation and 
livelihood security needs. While attempts would be made to synergize mitigation and 
adaptation needs, local communities, through a process of informed decision making, will be 
required to play a key role in prioritizing the range of ecosystem goods and services that they 
value most. 

The first charge on the forest/ecosystem goods and services would be that of local 
communities as mandated in the National Forest Policy (NFP) of 1988. Public forest lands 
which serve as the life sustaining resource base for the rural communities shall remain in 
public domain so that the benefits accrue to all sections of society. 

Monocultures are known to increase vulnerability, and the Mission would, therefore, ensure 
restoration of native bio-diverse species mix while at the same time enhancing carbon sink in 
forests and other ecosystems. The entire program would be informed by a sensitivity to the 
ecological nature and value of the resource, for instance avoiding dense plantations in 
grasslands which have other values like fodder, watershed etc. Habitats of animals and plants 
would be preserved, especially the mosaic of different vegetation types that maximize niches 
for diverse life forms. 

The Mission would contribute to empowerment of communities and strengthen decentralized 
local governance of forests in the overall context of climatic variability. The Mission would 
invest in development of a cadre of community- based change agents from amongst educated 
community youth, to facilitate planning, implementation and monitoring of Mission activities 
at local level. 
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State/ Central Implementing Authority: Ministry of Environment and Forests  

Correlation to Forest Stock, biomass and carbon: Significance of forests in relation to 
climate change: The GIM quotes a study which estimates the carbon stocks in Indian forests 
at 6622 Mt C in 2005. The forest sector alone, considering the current afforestation rate (of 
about 1.2 mha/annum), could lead to an enhancement of carbon stock from 8790 Mt C in 
2006 to 9750 Mt C by 2030, with an annual offset potential of 6% of the projected GHG 
emissions for India by 2020. 

Under the Means to achieve the Mission targets and outcomes: The GIM includes several 
innovative interventions and the Forest Departments are supposed to begin implementation 
from 2011. The innovative interventions of the GIM include practices for enhancing carbon 
stocks in moderately dense forests, open forests, and treatment of degraded scrub/grasslands 
for soil and water conservation and grass productivity. 

Under the objectives of GIM: Increase the greenhouse gas (GHG) removals by India’s forests 
to 6.35% of the country’s annual total GHG emissions by 2020 (an increase of 1.5% over 
what it would be in the absence of the Mission). This would require an increase in 
aboveground and belowground biomass in 10 mha of forests/ecosystems, resulting in 
increased carbon sequestration of 43 Mt CO2-eq annually. 

The Mission would increase above and below ground biomass in 10 million ha of forests and 
other ecosystems, resulting in increased carbon sequestration of 43 million tons CO2-e 
annually, in year 2020. 

Another of GIM targets: - Biomass/NTFP-based community livelihoods are enhanced that 
lead to reduced vulnerability. 

Sub Mission: Enhancing climatic resilience in moderately dense forests: 2 m ha: - 
Sustainable management of these forests would lead to increase in stocking density, enhanced 
biomass and carbon stocks, along with flow of forest goods like NTFPs, fuel wood, small 
timber/timber for direct livelihood benefits to dependant local communities. 

Sub Mission: Agro-forestry and social forestry (increasing biomass and creating carbon 
sink): 1.5 m ha: - 

Correlation to Livelihoods: The Mission acknowledges the influences that the forestry 
sector has on environmental amelioration through climate mitigation, food security, water 
security, biodiversity conservation and livelihood security of forest dependant communities. 

Key role for local communities and decentralized governance: - Local communities will be 
required to play a key role in project governance and implementation. Gram Sabha and its 
various committees/groups including JFMCs, CFM groups, Van Panchayats, etc. would be 
strengthened as institutions of decentralized forest governance. Likewise, the Mission would 
support revamping/strengthening of the Forest Development Agencies. The Mission would 
support secured community tenure, capacity building for adaptive forest management and 
livelihood support activities e.g. community based NTFP enterprises. 
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Livelihood security of local communities: Forests provide a range of provisioning services, 
particularly fuel wood, fodder, small timber, NTFP and medicinal plants, and artisanal raw 
material like cane and bamboo, that are crucial to livelihood security of forest dependant 
communities. Nearly 27% of the total population of India, comprising of 275 million rural 
people, depend on forests for their livelihoods. It also includes 89 million tribal people, who 
constitute the poorest and marginalized section of the country3. NTFP sector with annual 
growth rate between 5-15% also contributes to 75% of forest sector export income. 

Sub Mission: Restoration of Wetlands: 0.10m ha: - Wetlands provide livelihoods to local 
communities; more importantly, the ecosystem services like recharge of ground water 
provided by wetlands are of great significance to local communities. Local communities 
would be encouraged to continue with compatible use of wetlands and seek new 
opportunities for livelihood enhancement (e.g. eco-tourism). 

Cross-cutting Interventions: Livelihood enhancement through biomass/ NTFP based 
Enterprise: - About 75% of forest export income is from NTFPs (MoEF, 2008). There is 
continuing boom in the trade of NTFPs. According to one of the estimates, the NTFP 
enterprises can notch up a growth rate of about 6% and contribute significantly to livelihood 
enhancement in forested areas, more so for communities vulnerable to climatic variability. 
Enhanced incomes from NTFP/medicinal plants have potential to broaden the livelihood 
basket for the poor. The worldwide market in NTFP and medicinal plants has shown average 
growth rate of nearly 10%. 

Strengthening decentralized governance through Gram Sabhas and other thematic 
committees/ groups: Local institutions have significant bearing on forest conservation and its 
sustainable use, more so, at a time when market forces are putting tremendous pressure on the 
natural resources. The institutions available at local level to deal with the forests include: 
Joint Forest Management Committeesv, Community Forest Management groups (a large 
number in Orissa), Van Panchayats (Uttarakhand), Village Councils (north east); etc. Self 
Help Groups /Common Interest Groups have also been set up at village level to promote 
forest based livelihood activities. The spread of Joint Forest Management, despite several 
limitations and uncertainties –in terms of tenurial insecurity, inadequate silvicultural 
development, and restricted harvesting and market access, has helped in regenerating forests 
and meeting local needs (Milne, 2006). Community Conserved Areas (CCAs)11, containing 
significant wildlife and biodiversity value, have been conserved by communities for culture, 
religious, livelihood purpose using customary laws or other effective means. 

It would also encourage federation of thematic committees/groups such JFMCs/CFM/VPs 
etc., as well as livelihood promotion groups like SHGs/CIGs to plan for forest protection, 
conservation and livelihood activities. Livelihood activities/enterprises are best addressed at 
cluster level/sub landscape level/ federation of SHGs/CIGs. 
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Name of Policy: The Provisions of the Panchayats (Extension to the Scheduled Areas) Act, 
1996 

Policy Scope: This Act extends Panchayats to the tribal areas of nine states, namely, Andhra 
Pradesh, Chhattisgarh, Gujarat, Himachal Pradesh, Jharkhand, Maharashtra, Madhya 
Pradesh, Orissa and Rajasthan. The Act strives to enable tribal society to shape their own 
development and to preserve and conserve their traditional rights over natural resources. 

Date of Adoption: 24th December, 1996 

Main Area of Focus:   This Act ascribes legal recognition to the Gram Sabha as the primary 
centre of tribal governance. “Every Gram Sabha shall be competent to safeguard and preserve 
the traditions and customs of the people, their cultural identity, community resources and the 
customary mode of dispute resolution”. 

State/ Central, Implementing Authority:   

Correlation to Forest Stock, biomass and carbon:  For meeting the villagers’ requirements 
such as grazing, fuel wood making houses and ploughs, Gram Sabha may chalk out a minor 
forest scheme for the use of forest resources used traditionally by the people in consultation 
with the concerned Forest Officers. Under this scheme every person will be able to use the 
resources after getting permission from the Gram Sabha.  

Correlation to Livelihoods (+/-):  while endowing Panchayats in the Scheduled Areas with 
such powers and authority as may be necessary to enable them to function as institutions of 
self-government, a State Legislature shall ensure that the Panchayats at the appropriate level 
and the Gram Sabha are endowed specifically with the ownership of minor forest produce. 

The Act provides extensive powers to Gram Sabha in the Scheduled Areas in the following 
sectors: 

1 Approval of plans, programmes and projects for social and economic development prior 
to their implementation. 

2 Identification of beneficiaries of poverty alleviation programmes. 
3 Certifying the utilisation of funds spent by the Panchayat. 
4 The Act also vests following powers in Gram Sabha or Panchayats at appropriate level: 
5 To be consulted on matters of land acquisition and resettlement. 
6 Grant prospecting license for mining lease for minor minerals and concessions for such 

activities. 
7 Planning and management of minor water bodies. 
8 The power to enforce prohibition or to regulate or restrict the sale and consumption of 

any intoxicant. 
9 The ownership of minor forest produces. 
10 The power to prevent alienation of land and to restore any unlawfully alienated land of a 

scheduled tribe. 
11 The power to manage village markets. 
12 The power to exercise control over money lending to scheduled tribes. 
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13 The power to exercise controls over institutions and functionaries in all social sectors. 
14 The power to control local plans and resources. 

The management of forests will be done to protect the right of ownership, access to collect, 
use and dispose of MFP as per the Forest Rights Act, 2006. 

The Gram Sabha may chalk out an action plan about the use or exploitation of MFP in 
consultation with the Forest Officer concerned. 

One or more Gram Sabhas together, in consultation with the Forest Department, may decide 
the minimum price for the purchase or exchange rates of MFP. 

Gram Sabha may determine the royalty payable by the collector or the trader on MFP. 

It will be mandatory for all departments and institutions to give details to Gram Sabha before 
taking any MFP collected on the basis of any Act, rule or administrative instructions, outside 
the area of the Gram Sabha and obtain clearance from it for the same. 

If the State Government organises the trade of any MFP in order to protect the interests of the 
people, that trade will be treated as trade carried out on behalf of people. But prior approval 
of the Gram Sabha will be needed for the proposed arrangement. On the basis of suggestions 
of the Gram Sabha, necessary changes may be carried out. Gram Sabha and the collectors 
will have complete rights over profits. 

Note: The Act is directive for the States and not a law by itself. 

The Act has directed the States to formulate the state Act on the basis of PESA Act within a 
year of the enactment of the Act- “which shall be in 

consonance with the customary law, social and religious practices and traditional 
management practices of community resources”.  

Government of Himachal Pradesh has written to the concerned departments to take action 
for amending the subject Laws pertaining to their dept for bringing them in tune with the 
provisions of the PESA Act. 

The adaptation of laws in Madhya Pradesh in the light of the PESA Act has been started 
with the amendment of five important laws, namely, the Panchayat Act, the Excise Act, the 
Land Revenue Code, the Mining and Minerals Rules and Gram Nyayalaya Adhiniyam. 
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Name of Policy: The Scheduled Tribes and Other Traditional Forest Dwellers (Recognition 
of Forest Rights) Act, 2006 

Policy Scope: It extends to the whole of India except the State of Jammu and Kashmir  

 The Scheduled Tribes and Other Traditional Forest Dwellers (Recognition of Forest Rights) 
Act, 2006 (the ‘Act’) was formulated as a response for striking a balance between livelihood 
security and the conservation goals. 

Date of Adoption: The Act was notified into force on December 31, 2007, 

Main Area of Focus:    

a) The Act recognises and vests the forest rights and occupation in forest land in forest 
dwelling Scheduled Tribes and other traditional forest dwellers. 

b) As per the Act, the Gram Sabha has been designated as the competent authority for 
initiating the process of determining the nature and extent of individual or community 
forest rights or both that may be given to the forest dwelling Scheduled Tribes and 
other traditional forest dwellers. 

State/ Central, Implementing Authority:  The Central Government 

Correlation to Forest Stock, biomass and carbon:  

1. The Act provides for the ceiling of occupation of forest land for purposes of 
recognition of forest rights to the area under actual occupation and in no case 
exceeding an area of four hectares 

2. The Act provides for the right to hold and live in the forestland under the individual or 
common occupation for habitation or for self-cultivation for livelihood by a member 
or members of a forest dwelling Scheduled Tribe or other traditional forest dwellers. 

3. The Act provides for the forest right relating to Government providing for diversion 
of forest land for the purpose of schools, hospitals, anganwadis, drinking water supply 
and water pipelines, roads, electric and telecommunication lines, etc. 

4. The Act provides that no member of a forest dwelling Scheduled Tribe or other 
traditional forest dwellers shall be evicted or removed from forest land under his 
occupation till the recognition and verification procedure is completed. 

Correlation to Livelihoods (+/-): 

1. The Act provides for recognition of forest rights of other traditional forest dwellers 
provided they have for at least three generations prior to 13.12.2005 primarily resided 
in and have depended on the forest or forest land for bona fide livelihood needs. 
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2. The Act recognises the right of ownership, access to collect, use, and dispose of minor 
forest produce which has been traditionally collected within or outside village 
boundaries. 

3. The Act recognises the right to in situ rehabilitation including alternative land in cases 
where the Scheduled Tribes and other traditional forest dwellers have been illegally 
evicted or displaced from forest land of any description without receiving their legal 
entitlement to rehabilitation prior to 13.12.2005. 

Note:  

1. According to the update on the implementation of the Act by Ministry of Tribal 
Affairs more than 27.99 lakh claims have been filed and 9.03 lakh titles have been 
distributed until 31 April 2010. 

2. This Act recognises the right to intellectual property and traditional knowledge related 
to biodiversity and cultural diversity, rights of displaced communities and rights over 
developmental activities 
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Name of Policy: Ownership Rights of Forest Dependent Community Act 

Policy Scope: Tribes will be given more rights to sell and collect forest produce. Along with 
having ownership rights to forest produce. 

Date of Adoption:  

Main Area of Focus: The act looks at setting up Forest Dependent Communities — 
essentially meaning a tribal group constituted into a Joint Forest Management Committee. 
The ministry expects the states to assign specific forest areas to these forest dependent 
communities, which will have the ownership of minor forest produce found in the designated 
area. The harvesting of this produce will be on a non-destructive and sustainable basis and 
will follow the working plan delineated by the state. Forest produce is defined as all non-
timber forest produce of plant origin and includes honey, lac, wax and tussar. The ministry 
also plans to encourage states to give ownership rights for bamboo and cane in areas 
adjoining villages through an executive order.  

State/ Central Implementing Authority: Ministry of Environment & Forests  

Correlation to Livelihoods: The Preamble of the Act expresses around Twenty-Eight 
percent population of the country, including Scheduled Tribe population, living in about 
Sixty-One Thousand villages in and around Forests depend for their subsistence and 
livelihood on forests; there is a large population of tribal and non tribal landless and 
economically backward communities in the state who derive their livelihood security from 
the forests of the state; And the minor forest produce is the main source of livelihood of 
communities dependent on forests and there is need for the sustainable utilization and long-
term conservation of the minor forest produce found in the forests of the state. 



Analyzing Forest Carbon Accounts for Sustainable Policy Options with Special Reference to Livelihood Issues 

169 
 

Name of Policy: Madhya Pradesh State Forest Policy 

Policy Scope: Forest Policy seeks management of forests through an appropriate statutory 
and institutionalized arrangement for protection, conservation and sustainable utilization of 
the forests harnessing ecological, economic, social and technical resources in such a manner 
that environmental protection, ecological balance, ground water conservation and fulfilment 
of needs of communities dependent on forests can be ensured. This would generate 
employment for these communities and ensure their economic and social welfare besides 
development of forest resources. 

Date of Adoption: April, 04, 2005 

Main Area of Focus: The policy seeks to promote expansion and development of forest 
areas for environmental stabilization and ecological balance. For this, the degraded forests of 
the state would be treated and regenerated as per requirement. Watershed area treatment and 
soil conservation works would be carried out in river catchment areas and in other areas 
which are sensitive to soil erosion. Plantation will be done after treatment of these areas. 
Proper management of the plantations done along roads, canals and railways lines and waste 
lands would be ensured and plantation would be taken up on vacant lands. The Tree 
Protection Act enforced in urban areas would be extended to these areas also. In order to 
ensure environmental protection and ecological stabilization under the provisions of the 
Environmental Protection Act 1986, environmental balance in urban areas and for 
development of green belts for ground water recharging a provision has been made not to 
change the land use in existing green belts. 

The policy contains provisions for earliest possible settlement and demarcation of forest areas 
and to take initiative for converting the forest villages to revenue villages besides putting a 
check on illegal felling and to give adequate powers to forest personnel. It also provides for 
setting up forest check posts in sensitive areas, group patrolling, providing arms to forest 
personnel and to enlist maximum cooperation of local communities in all these activities. The 
policy also provides for setting up of special courts at district level for disposal of forest 
related offences. This will lead to strict action against illegal forest fellers as also those 
abetting them for illegal felling. 

State/ Central Implementing Authority: Madhya Pradesh State Government. 

Correlation to Forest Stock, biomass and carbon:  

Expanding forest tree-covered area to make it one-third of the geographical area. Ensuring 
stability of the environment and ecological balance by developing government forests and 
private areas under forest cover through sustainable management of forests. Optimizing the 
use of timber, fuelwood, bamboo, fodder and minor forest produce, to maximise their 
production and creating atmosphere for regular availability of forest-based alternative 
employment to forest dependent families. Promoting extension forestry without adversely 
affecting the agricultural production, promoting plantation of bamboo in the rural areas and 
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thus making it the means of income for the villagers and ensuring better management of 
revenue and private areas covered with forests by implementing Lok Vaniki.  

Correlation to Livelihoods: The forest policy allows round-the-year nistar arrangement to 
meet forest based needs of local people subject to availability and requirement. It also 
provides for supplying nistar material from the coupe itself as for as possible and granting 
permission villagers living within five kilometer radius of the forest borders to bring head 
loads of fallen dry fuel wood. Besides, the policy has suitable provisions for development of 
forest-dependent communities and landless people, empowerment of women, protection of 
biodiversity, wild life protection, promoting eco tourism, application of Information 
Technology, research and expansion, human resources development, enhancing awareness 
about forest and wild life protection, best possible use of the media, seeking provisions in the 
national budget in proportion to forest areas, setting up of a forest finance corporation and 
monitoring and evaluation of the policy. 

Providing traditional and modern techniques and skills as well as healthy work atmosphere to 
forest officials and members of the forest committees in order to encourage them to work 
with full capacity and zeal. Attracting private investment for the afforestation work on a large 
scale in the forestry sector.  
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Name of Policy: The Sikkim Forests and Water Courses (Preservation and Protection) Act, 
2007. 

Policy Scope: To consolidate the law relating to forests, forest produce and water courses 
and for matters connected therewith or incidental thereto. 

Main Area of Focus:   

(a) Preservation and protection of forests and other natural resources dependent on it keeping 
in view the need to maintain ecological equilibrium in the State.  

(b) Economic development and sustainability of livelihoods. 

(c) Confer executive powers upon government officials to check the perpetration of offences 
as well as to the judiciary to take up trials as also to provide for meeting the genuine demands 
of the villagers for the use of forest produce. 

State/ Central Implementing Authority:   

State Government of Sikkim 

Forest officers: Principal Chief Conservator of Forests, Chief Conservator of Forests, 
Conservator of Forests, Director, Additional Director, Joint Director, Deputy Conservator of 
Forests, Divisional Forest Officer, Assistant Conservator of Forests, Range Officer, Deputy 
Range Officer, Block Officer, Head Forest Guard, Forest Guard etc. 

Correlation to Forest Stock, biomass and carbon: This Act empowers the government to 
declare any land as reserved forest by issuing the notification specifying the location, 
situation and limits of such land and by appointing the Forest Settlement Officer. No right 
can be acquired in over the land comprised in notified boundaries of reserve forest except by 
succession or under a grant or contract in writing made or entered into or by or on behalf of 
the Government. Activities that are prohibited in reserve forest areas include: making any 
fresh clearing, converting a reserved forest to any use other than forestry; using reserved 
forest for growing commercial crops; leasing forest areas to private parties for raising captive 
plantations or food crops; setting fire, trespassing or grazing without a permission in writing; 
felling any trees or cutting or dragging any timber; quarrying stone, burns lime or charcoal or 
collecting or removes any forest produce; and damaging or removing any cairn, wall, ditch, 
embankment, fence, hedge or railing. 

The Act enables the Government to regulate the Khasmal (any forest land settled and set 
aside by the Government for meeting the bonafide domestic need of timber, firewood and 
fodder of the adjoining villages) and Gorucharan (any forest land settled and set aside by the 
State Government for the purpose of grazing of cattle of the adjoining villages) land. 
Government can regulate the following activities in these areas: cutting, sawing, conversion 
and removal of trees and timber and the collection, manufacture and removal of forest 
produce;  granting of permits to the inhabitants of neighbouring villages to take trees, timber 
or other forest produce for their bonafide use, and the production and return of such permits 
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by such villagers; the payment, if any, to be made for the permission to cut trees or to collect 
and remove such timber or other forest produce; the examination of forest produce passing 
out of such forests; the cutting of grass and grazing of cattle in such forests and payment, if 
any; the protection and management of any portion of forest closed. The government can 
declare any portion of Khasmal or Gorucharan forest to be closed for a period upto thirty 
years, where all the private rights over the particular portion of the land will be suspended. 
The Government can also declare any tree or class of trees in khasmal or gorucharan forest to 
be reserved. Permission shall be obtained from forest officer not below the rank of Range 
Officer for clearing or conversion of such land. Payment shall be made against permission to 
cut tree or to collect or remove timber or other forest produce. 

The government can also regulate the felling of trees in any land which is not the property of 
the Government (forest or non forested land) by making rules for the class or kinds or species 
of trees which may be permitted to be cut and girdled and girth of such trees; the conditions 
subject to which permission of removal of trees may be granted; and the procedure regarding 
granting of permission to fell trees. The government has the power to regulate or prohibit 
clearing, pasturing, firing, lopping, stripping, cutting, sawing of trees in these areas. 
Moreover, the control of all rivers and their banks as regards floating of timber as well as the 
control of all timber and other forest produce (semi-finished forest produce for commercial 
purposes) in transit by land or water is given to the Government 

Correlation to Livelihoods (+/-):  

One of the main focuses of the Act as mentioned in the document is “economic development 
and sustainability of livelihoods”. The Act gives an opportunity to claims rights related to 
collection of dry sticks, grazing, or any other forest produce as well as over the practise of 
shifting cultivation. Forest Settlement Officer is appointed for the settlements of all such 
claims. However, only a month’s time is given to any person to claim such rights from the 
time of proclamation. The officer will validate the claim through Government records or 
evidences of such person who are familiar with such activities. In the case of claim involving 
shifting culture, the officer will submit (a) particulars of the claim, and (b) any local rule or 
order under which the practice is allowed or regularized, and his opinion to the Government. 
On receiving an affirmative opinion, the Officer can either alter the limits of the land under 
settlement so as to exclude land of sufficient extent or demarcate certain potion of the land 
under settlement, to facilitate the claimants to practise shifting cultivation. The government, 
however, reserves the right to control, restrict and abolish the shifting cultivation practise on 
its discretion. In case the claim over land is admitted in whole or in part, the Forest 
Settlement Officer can either exclude such land from the limits of the proposed forest or 
come to an agreement with the owner to surrender his right and proceed to acquire another 
piece of land in the manner provided in the Sikkim Land (Requisition and Acquisition) 
Act,1977. The Act again gives a limited period of one month for claimants to place an appeal 
against the decision of the Officer.  

This Acts expands the definition of Khasmal forest to include even the waste land not 
included in any private property, and places such areas under the regulation of the 
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Government. Grazing of cattle and collection of such quantity of fodder for bonafide use of 
the resident of the adjoining locality is permitted in  khasmal forest, while grazing of cattle, 
collection of dry fallen sticks and grass or fodder is permitted in a gorucharan forest. At the 
same clearing, pasturing, firing, lopping, stripping, cutting, sawing of trees in these areas is 
regulated/ prohibited, safeguarding the livelihoods of the local communities. There are strict 
procedures for penalties when there is a breach of any of rules and regulations of the Act. 

Note: The Act considers the following items to be “forest produce” 

(a) the following whether found in, or brought from, a forest or not, for e.g. bark, charcoal, 
firewood, myrobalance, natural varnish, resin, shellac, timber, wood, and 

(b) the following when found in or brought from a forest, that is to say:- trees and leaves, 
flowers and fruits and all other parts or produce of trees; 

(i) Wild animals and skins, tusks, horns, bones, silk cocoons, honey and wax, and all 
other parts or produce of animals, 

(ii) plants not being trees including agave, creeper, dioscores, daphne, edgeworthia, 
ferns, grass, lycopodium, lichens, mushroom, moss and reeds, bamboo, nettle, 
polygonum, thysonalea, and all categories of medicinal herbs and shrubs, any 
agricultural crops, bulbs, rhizomes, tubers, and all parts or produce of such plants, 

(iii) peat, dolomite, graphite, rock, surface soil, sand, stones, slates, and other minerals 
including laterite, mineral oils and all other products of mines and quarries, and 

(iv) such other product as the Government may, by notification, declare to be. 
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Name of Policy: Sikkim State Green Mission 

Policy Scope: The State of Sikkim has been primarily concerned with the conservation & 
protection of Forests and other natural resources in the state. In the State, though the 
Greenery along the road side is good it needs to be enhanced to the maximum level to protect 
the roads from landslides, slips, sinking and also to maintain the aesthetic beauty. It will also 
reduce land, water, air and noise pollutions as well. The Tourism development equally 
requires good roads along with the aesthetic cover to attract more tourists. There is a need to 
have the avenue plantation along all the road sides, generate good green cover in the 
Government and Institutional vacant lands, development of vacant pockets as small parks. 
Hence the State Government has taken initiative to generate Avenue plantation in massive 
scale by using all the manpower in various departments in the Government, and other nature 
lovers from the Government and Non Governmental Organizations including different Eco 
clubs and Self Help groups. 

Date of Adoption: February, 27th, 2006  

Main Area of Focus:  

1 To create green belt and avenues for meeting aesthetic recreational needs to the people 
2 To beautify the areas for tourist attraction. 
3 To reduce the surface run-off discharge and checking erosion in the downhill side. 
4 To create a store house of genetic diversity by planting all the indigenous trees, shrubs, 

herbs, climbers, creepers, conifers and green foliages including fruits and medicinal 
plants. 

5 To reduce the encroachment of road reserve areas. 
6 To provide shade to the pedestrian. 
7 To increase local precipitation due to their aerographic and micro-climatic effects and 

create conditions favorable for the condensation of the clouds. 
8 To reduce temperature and increase humidity. 
9 To reduce noise pollution to the neighboring household population. 
10 To attract the avifauna, butterflies, squirrels etc and their shelter.  
11 To promote tourism as a sustainable and eco friendly activity.  
12 To make the State of Sikkim as a Garden State. 
13 Mass Afforestation along the roads and vacant land, streams and water falls, etc. 

State/ Central Implementing Authority: State Government Forest Environment and Wild 
Life Management department, Gangtok. 

Correlation to Forest Stock, biomass and carbon: The afforestation drive would seek to 
plant saplings and flowers at all open lands throughout the state and increase of the forest 
cover, along with sapling plantation for increase in vegetation. 

It is proposed that sites will be prepared for development of recreational garden in the flank 
areas and turning points of road where broader area is available. We can take 0.10 ha area on 
an average in two to three spots in each constituency (Tourism department has to transfer the 
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required funds to the Forest department to avoid the procedure of Forest land diversion). 
Group of conifers, perennials evergreen ornamental foliage’s, shrubs, bamboos will be 
planted by laying garden and landscaping. 

 Correlation to Livelihoods: The Green Mission is aimed at involving the people, the local 
bodies and the official machinery right upto the lowest rung in the drive towards making the 
Himalayan state a land of gardens. Under the afforestation drive, the forest department 
officials, NGOs, panchayat bodies and the government employees at the village and local 
level would actively coordinate with the people for planting saplings at all available land, 
including the barren ones, they said. 
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Name of Policy: Sikkim State Compensatory Afforestation Fund Management and Planning 
Authority 

Policy Scope: For the purpose of management of money towards the Compensatory 
Afforestation, Net Present Value and any other money recoverable in pursuance of the 
Hon'ble Supreme Court's order in this regards and in compliance of the conditions stipulated 
by the Central Government while according approval under Forest Act 1980 for non-forestry 
uses of the forest land 

Date of Adoption: August, 12th 2009 

Main Area of Focus: Laying down policy framework for the functioning of state level 
CAMPA and reviews it’s working from time to time along with establishment, accounting, 
monitoring and distribution of a State CAMPA fund and proper utilization of the money 
towards the development, maintenance and protection of forests and wildlife, natural assisted 
regeneration, forest management, infrastructure development, supply of wood and other 
forest produce saving devices and other allied activities. 

State/ Central Implementing Authority: Government of Sikkim, Home Department 

Correlation to Forest Stock, biomass and carbon: The money received for Compensatory 
Afforestation, additional compensatory Afforestation, catchments Area Treatment Plan and 
for any other site specific scheme may be used as per site- specific schemes submitted by the 
state along with the approved proposals for diversion of forest land under the Forest 
(Conservation) Act, 1980. 

Monies realized from the user agencies in pursuance of decision taken by the National Board 
for Wildlife involving cases of diversion of forest land in protected areas shall from a distinct 
corpus and shall be used exclusively for undertaking protection and conservation activities in 
protected areas of the State 

Correlation to Livelihoods: The State-CAMPA shall consist of the following chairperson 
and members and shall function through a Governing Body, a Steering Committee and an 
Executive Committee.  
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Annexure II- Field Forms  

Socio-Economic Survey Field Details 

Data Collection 
The following precautions should be taken while collecting data. 

1. The data should be collected accurately with the help of the members of Crew and 
should be recorded neatly in a good hand writing in the proper field forms by the crew 
leader, in the field. 

2. The code numbers should be neatly and correctly recorded in legible manner. 
3. Over writing of codes should be avoided.  Wherever any mistake is committed in 

writing, the entry should be cancelled and a corrected entry should be written duly 
attested by Crew Leaders. 

The digits should be written as under 

1, 2, 3, 4, 5, 6, 7, 8, 9, 0 

4. Filling of Forms in Hindi, Urdu or regional languages should not be adopted without 
approval from the Head of the Office. 

5. The data will be collected and recorded in the following field forms.  The Crew 
Leaders should see that adequate number of blank forms is carried in the field. 

Sl.No. Form Description 

1 Form-DIF For obtaining different sources of information 

2 Form-CH1 Listing Schedule-I (R): For Preparation of Frame 

3 Form-CH3 Consumption details of wood in selected households 

 

6. Detailed instructions for filling up of these forms are given in chapter III. 
7. Before leaving the village, ensure that no instruments and other items are left. 
8. Ensure that all members who have assisted in recording the information have signed 

and write their names on the form. 
9. Please ensure that all information is recorded/written and measured in field itself and 

nothing is taken to camp for compliance.  Once a village/block is left it should be 
presumed that all jobs of recording, filling forms, muster rolls etc. are completed in all 
respects. 
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Instructions to Fill - up Various Field Forms 
The following section describes in detail the field forms to be filled during the survey.  

Form DIF (Divisional Information Form) 
This form is to be filled up from all the forest divisions (territorial and social forest) falling in 
Chhindwara district.  This form will help in identifying various source of data from which 
data on production and consumption is to be collected in the prescribed forms.  The 
respondent to fill up this form will preferably be DFO. 

Division visited (Col.6) The name of the division is to be recorded. 

RFA of Division (Col.7) Recorded forest area of the visited Division as given by 
respondent. 

Percentage of Division area 
falling in the District (Col.8) 

In case visited Division falls in more than one District then 
percentage of area falling in selected district should be 
indicated. 

Number of Ranges (Col.9) The total number of forest ranges in the visited division is to 
be recorded. 

Name of DFO  The name of the respondent DFO is to be recorded. 

Whether any study on 
production & consumption 
of timber, pole and 
fuelwood was made under 
working plan (Item 5.) 

In case of yes a copy of the relevant information is to be 
collected and sent to Headquarters. 

 

Form-CH1: Listing Schedule-I (R): For Preparation of Rural Frame 
 

1. For preparation of rural frame, the Listing Schedule-I (R) will be filled up for each of 
the selected village.  This schedule contains the information of the house, household 
and household class such as affluent, less-affluent and others and the selection of 
household for the detailed survey. 
 
Job No.(col.1-3) Three digit code will be filled in as in case of forest 

inventory 
Form code (col.4) Form code 1 will be recorded for Rural survey and 2 

will be recorded for urban survey 
Division name Name of the Division will be recorded 

Tehsil name Name of the Tehsil will be recorded 

Village name Name of the village will be recorded 
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2. Number of affluent 
hhs. (col. 13-14) 

This will be last serial number of the column number 
57-58 of the working sheet 

3. Number of Less 
affluent hhs(col.15--
16) 

This will be last serial number of the column number 
59-60 of the working sheet 

4. Number others hhs. 
(col. 17-18) 

This will be last serial number of the column number 
54-56 of the working sheet 

5. Total number of hhs. 
selected  

6. (col.19-22) 

 2 hhs. from Affluent class and 5 each from other two 
classes will be selected randomly (see Annexure-IX) 
and shortfall of affluent class will be covered from less 
affluent class and shortfall of less affluent class will be 
covered by others class. In col. 19, 20 & 21-22, no. of 
selected hhs belonging to affluent, less-affluent and 
others respectively will be recorded. 

7. Latitude dd mm ss 
(col 23-28) 

This will be recorded at the presumed center of village 
with the help of GPS. 

8. Longitude dd mm ss 
(col 29-34) 

This will be recorded at the presumed center of village 
with the help of GPS. 

9. Time spent on listing 
(col 35 & 36) 

Completed days and hours will be recorded in these 
column (8 working hours will make one day) 

Hamlets formed 
(col.37) 

If hamlets are formed in the village their no. should be 
recorded. The hamlets so formed should be numbered. 

Selected Helmets 
(Col. 38-39) 

The number of the selected hamlets is to be recorded. 

10. House No. (col. 40-
42) 

As per census/local house number available in the house 
will be recorded.  In case in some of the house or in all 
houses number is not available then investigator will 
give their own running sl.no. within bracket. 

11. Household serial No. 
(col.43-45) 

A running household serial no. will be given by the 
investigator according to the listing of the household. 

Name of the head of 
household/establishm
ent 

12. Name of the head of household will be recorded. While 
recording the name, the investigator will ensure whether 
any establishment is being run in the  house.   In such 
case, the name of the establishment is also to be 
recorded in next row without giving any household 
serial number. 

Household size. 
(col.46-47) 

Number of persons living in the hh. taking meals from 
the same kitchen will be recorded. (for detail, see 
definition in Chapter-II) 

Affluent household: 
(col. 48-51) 

Out of 48-51 col. only one col. will get tick mark. 

Motorcar/ jeep/ 
Tractor/ Truck/ Van/ 
Bus/Large business/ 
Spacious pucca house 

This column will be ticked if the hhs.. having at least 
one of the mentioned items, otherwise leave blank.  
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in good condition 
(col.48) 

Refrigerator/ 
Telephone/T.V./ 
DVD/VCD/Washing 
machine/ Micro oven 
etc. (col.49) 

This column will be ticked when the col.48 has no tick 
mark and the hh. having at least two of the mentioned 
items, otherwise leave blank. 
 

Cultivable land 7ha. 
/ irrigated land 3.5 
ha (col.50) 

If the col. 48/49 has a tick mark, then leave this column 
blank otherwise investigate the land possessed by the 
hh.  If falling within the limit mentioned in the col.50, a 
tick mark is to be given in this col. otherwise leave 
blank. 

No. of cattle and 
buffaloes 10 or  
sheep/goat 30  
(col.51) 

If any of the cols. 48, 49 & 50 has a tick mark, then this 
col. should be left blank otherwise investigator will 
investigate about the cattle and buffaloes or sheep/goat. 
If the required no. is found in the hh. a tick mark is to be 
given otherwise leave blank. 

Less-affluent 
household: (col.52-
53) 

If there is no tick in the affluent class cols. 48-51 only 
then these cols. will be filled.   

Cultivable land <7 & 
>0.4 ha / irrigated 
land <3.5 & >0.4 ha 
(col.52) 

If the hh. possess land as per the given limit then a tick 
mark is to be given otherwise leave blank. 

No. of cattle and 
buffaloes   2 & <10 
or sheep/goat 5 & 
<30 (col.53) 

If there is no entry in the col.52 and hh. has cattle and 
buffaloes or sheep/goat within the prescribed limits of 
the col. 53, then this column will be given tick mark 
otherwise leave blank. 

Others (col.54-56): 
(hhs. which do not 
has tick mark in 
col.48-53) 

In this col. a tick mark is to be given only when there is 
no tick mark in col. 48-53 otherwise leave blank. A 
running serial no. starting from 1 will be given below 
each tick mark in this col. This will provide the frame 
for the “others class” hhs. 

Note: Ensure that there is only one tick mark against each hh. 

Hhs. Sl.No. for 
affluent hhs.    
(col.57-58) 

This col. provide the frame for the affluent class hhs. If 
the hh. has a tick in the affluent class cols.48-51 then a 
running serial no. starting from 1 will be given against 
each tick in the affluent class. Otherwise this col. will be 
left blank. 

Hhs. Sl.No. for less-
affluent hhs. (col.59-
60) 

This col. will provide the frame for the less-affluent 
class hhs.  If the hh. has a tick in the less affluent class 
col. 52-53 then a running serial will be given starting 
from 1 against each tick otherwise this col. will be left 
blank. 
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Form-CH3:  Consumption Details of Wood in Selected Households 
This form consists of seven parts (A-G). This form contains the information on consumption 
of wood by the selected hhs. All the seven parts of the form is to be filled up from selected 
household.  

Job No.( col.1-3) Three digit code will be filled in as in case of forest inventory 

Form code (col.4) Form code 1 will be recorded for Rural survey and 2 will be 
recorded for urban survey. 

13. Tehsil name/Town 
code 

For Rural Survey Tehsil name and for Urban Survey Town code (2 
digits) will be recorded as per sample list. 

14. Selected village 
name. 

For Rural Survey the name of selected village 

15. Hhs. serial no from 
Listing Schedule 
(col.17-19) 

This is the serial no. of particular hhs. taken from the respective 
Listing Schedule-I (R)/ I(U)  (col.43-45/50-52) as the case may be. 

16. Hhs. class code  
(col. 20) 

17. The status of selected hh. will be recorded as under 

               Code        hhs. Class  

1       Affluent class.  
2       Less affluent class  
3       Others 

18. Education level of 
the hhs. (col.21) 

19. Education of the member of the hhs. having highest 
education will be given in codes as under: 

20.                 Code        Education level 

1 Primary 
2 Middle 
3 10th Standard 
4 10+2 Standard 
5 Graduate 
6 Post graduate 
7 Others (professional qualification, diploma, 

degree etc.) 
8 Illiterate  

 

 

A. Particulars of Household and House Structure 
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Name of the Head of hh. 
(Item 1) 

Self explanatory 

Total number of persons 
living in the hh. (Item 2) 

Number of person living in the hh. and taking food from same 
kitchen will be recorded here. 

Social group code (Item 3) 

 

21. It will be recorded as under 

               Code        Stratum 

1 Schedule Caste 
2 Schedule Tribe 
3 Other Backward Class 
4 Others 

Religion code of the hh. 
(Item 4) 

22. It will be recorded as under 

               Code        Stratum 

1 Hindu 
2 Muslim 
3 Christian 
4 Sikh 
5 Buddhist 
6 Jain 
7 Others 

Means of livelihood code 
of hh. (Item 5) 

23. It will be recorded as under 

                Code        Description 

11       Self employed 
12       Regular wage/salary 
13       Casual labour 
14      Others                 

Type of Building actually 
visited as a sampling unit 
(Item 6) 

             Code        Type of building 

1 Kachcha 
2 Pucca 
3 Multi storeyed 
4 Others (specify) 

Note: Pucca building having more than one storey should be 
recorded in multi-storey. 

Total covered area 
occupied by hh including 
covered verandah by roof 
and floor in sq.m. (Item 7) 

Self explanatory 
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Do you collect fuel wood 
from forest, if yes, approx. 
quantity in a week. (Item 
8) 

If yes, appropriate quantity in a week (No. of head wood converted 
to kgs. is to be recorded). 

 

B.  Existing Use of Wood for House Construction 

24. Selected village 
name. 

The name of selected village will be recorded here 

25. Hhs. serial no from 
Listing Schedule  

This is the serial no. of particular hhs. taken from the respective 
Listing Schedule-I (R)/ I(U)  (col.43-45/ 50-52) as the case may 
be. 

26. Year of 
construction 

27. Completion year of the major construction of house is to 
be recorded. 

Item name & code 

 

Every item will be recorded with name & code.   

28.        Code                   Item Name             

31 Door 
32 Windows 
33 Ventilators 
34 Roof 
35 Floorings 
36 Pelmets 
37 Wardrobe 
38 Showcase 
39 Others 

Type code Type code for doors will be recorded as under: 

     Code               Item 

01 Wooden frame wooden single door (WfWSD) 
02 Wodden frame wooden double door  (WfWDD) 
03 Wooden frame flush single door (WfFSD) 
04 Wooden frame flush double door (WfFDD) 
05 Wooden frame with ply Panel door (WfPPD) 
06 Metal frame single wooden door (MfSWD) 
07 Metal frame wooden double door (MfWDD) 
08 Metal frame flush single door (MfFSD) 
09 Metal frame flush double door (MfFDD) 
10 Others: The doors not covered above and having abnormal 

size such as ht. below 5 ft. or the ht. above 7 ft. having very 
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thick wood in the frame as well as in the door. 
 

Type code for windows will be recorded as under: 

      Code               Item 

01 Wooden frame wooden double window with 
glass/iron mesh leaf (WfWDW) 

02 Wooden frame wooden single window leaf 
(WfWSW) 

03 Wooden frame board double windows with 
glass/iron mesh leaf  (WfBDW) 

04 Wooden frame single window leaf with glass/iron 
mesh (WfSW) 

05 Wooden frame board single window board leaf 
(WfBSW) 

06 Metal frame wooden double window with glass/iron 
mesh leaf (MfWDW) 

07 Metal frame wooden single window (MfWSW) 
08 Metal frame single window leaf with glass/iron 

mesh (MfSW) 
09 Metal frame board single window (MfBSW) 
10 Others 

 
Type code for ventilators: 

      Code               Item 
01  Wooden frame wooden ventilator (WfWV) 
02 Metal frame wooden ventilator (MfWV) 
03 Wooden frame ventilator with glass/mesh (WfV) 
04 Others 

 
Type code for roof: 

       Code                Item 
01 Beams: used in the roof. 
02 Poles/ballies: used in the roof for support of roof. 
03 Planks: used in the roof 
04 Purlin/Kadi: used for support of roof. 
05 Others: not covered above. 

 

Type code for flooring: 

       Code                 Item 
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01 Plank: used for floor 
02 Kadi/Beams: used for support of floor 
03 Others: not covered above. 

 
Type code for pelmets: 
        Code                 Item 

01 Wooden pelmets of width 4-6 inches 
02 Board/ply pelmets of width 4-6 inches 
03 Wooden pelmets of width more than 6 inches 
04 Board/ply pelmets of width more than 6 inches 
05 Others: not covered above. 

 

Type code for wardrobe: 

        Code                  Item 
01 Wooden frame wooden door with wooden partition 

(WfWDWP) 
02 Wooden frame wooden door with board partition 

(WfWDBP) 
03 Wooden frame board door with board partition 

(WfBDBP) 
04 Metal frame wooden door with wooden partition 

(MfWDWP) 
05 Metal frame board door with board partition 

(MfBDBP) 
06 Others not covered above 

 

Type code for showcases: 

        Code                   Item 
01 Wooden frame showcase depth of 6-8 inches with 

wooden partition (WfSWP) 
02 Wooden frame showcase depth of 6-8 inches with 

board partition (WfSBP) 
03 Others: not covered above. 

 

Type code for others:  For the items not covered above, type 
code 30 is to be given here and the name of the items are to be 
given in the remark column. 

Size  

length, width, breadth/girth 

Length and width will be recorded in feet. Breadth /girth and 
thickness/depth will be recorded in inches. 
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and thickness/depth 

 

Depiction of door 
measurements: 

 

               W 

 

 

    L 

 

 

 

 

              T 

                          B 

     L 

 

For item doors type code 01 to 09 length and width will be 
recorded against each door and for others type code 10 length 
(L), width (W), thickness (T) and breadth (B) of the frame, all 
the four measurements will be recorded. 

 

For item window length and width will be recorded 

 

For item ventilator length and width will be recorded. 

 

For item roofs: 

For type code 01 i.e. beam length, breadth and thickness will be 
recorded. 

For type code 02, i.e. poles/ballies height and 
circumference/girth at the middle of the pole/balli will be 
recorded. 

For type code 03 i.e plank length, width and thickness will be 
recorded. 

For type code 04 i.e purlin/kadi, length, breadth and thickness 
will be recorded. 

For type code 05 i.e others, length, breadth and thickness will be 
recorded. 

 

For flooring item: 

For type code 01, i.e plank length, width and thickness will be 
recorded. 

For type code 02, i.e. kadi/beam length, breadth and thickness 
will be recorded. 

For type code 03, i.e. others length, breadth and thickness will be 
recorded. 

For item pelmets for all type codes a running ft. will be 
recorded. 
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For item wardrobes for all type codes length and width and 
depth will be recorded. Number of partitions of wood/ply/board 
is to be given in the remark column against each type code 

For item showcase for all type codes length and width will be 
recorded. Partitions of wood/ply/board is to be given in running 
feet in remark column against each type code 

No. of item For each item and type code the number of items will be 
recorded against each size. 

Source code Source code will be recorded against each type code. 

29.     Code                           Source 
1 Purchased from market/forest depot 
2 Received due to rights and concession 
3 Own farm land 
4 Others (specify):this will cover the free collection. 

Period of sawn and place 
code 

The period of sawn and place code will be recorded as follows: 

30.     Code              Period and sawing place 

1 Sawn during current year at home 
2 Sawn in past at home 
3 Sawn during current year at saw mill 
4 Sawn in past at saw mill 

Remarks Crew leader should give the remarks wherever other type code is 
used. 

31.  

C. Existing Wooden Furniture Items 

 

32. elected village 
name/IV unit & 
UFS Block no. 

For Rural Survey the name of selected village and for Urban 
survey UFS Block no. along with Investigator unit (IV unit) no. 
will be recorded as per sample list. For example in urban survey 
IV unit no. 2 and UFS block no. 25 will be written as 0225. First 
two digits represent IV unit no. and last two digit represent UFS 
block no. 

33. Hhs. serial no from 
Listing Schedule  

This is the serial no. of particular hhs. taken from the respective 
Listing Schedule-I (R)/ I(U)  (col.43-45/ 50-52) as the case may 
be. 

34. Item Name & Code  35. Every item will be recorded with name & code. Type code, 
number of items with respect to the sizes and species used 
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and source code will be recorded against each item. 

36.        Code              Item  

 
41 Chair 
42 Table 
43 Bench 
44 Wooden almirah/ Bookrack 
45 Stools/side table 
46 Siderack 
47 Chauki (including takhat) 
48 Towel stand 
49 Beds 

40      Others 

37. Type code 38. For item chair: Furniture completely or partially wooden 
will only be considered. 

39.        Code                 Item 

01 Complete wooden sofa 
02 Wooden frame board/ply sofa 
03 Wooden frame knitted sofa 
04 Wooden frame spring covered sofa 
05 Wooden arm chair with/without arms cane seat and back 
06 Wooden with/without arm chair with ply board seat and 

back 
07 Wooden with/without arm chair with ply board seat and 

cane back 
08 Chair with metal frame and ply seat and back 

with/without arms 
09 Wooden easy chair with cane/nivad seat and back 
10 Others: not covered above. 

For item tables: 

40.        Code                Item 

01 Table with wooden frame and wooden top  
02 Table with wooden frame and board top 
03 Table with wooden frame and glass top 
04 Table with metal frame and wooden top 
05 Table with metal frame and board top 
06 Dressing table  
07 Computer table 
08 Others: not covered above. 
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For item benches: 

41.        Code                 Item 
01 Benches with wooden seat without back rest 
02 Benches with wooden seat and wooden back rest 

with/without arms 
03 Others: not covered above. 

 

For item almirah: 

42.        Code                  Item 
01 Wooden almirah with wooden doors and wooden 

partitions (WP) 
02 Wooden almirah with glass doors and wooden partition 

(WP) 
03 Wooden almirah with glass door and board partitions 

(BP) 
04 Wooden almirah with board doors and board partition 

(BP) 
05 Other: not covered above. 

 

For item stools/side table: 

43.        Code                  Item 

01 Center table with wooden top 
02 Center table with wooden frame and board top 
03 Center table with glass top 
04 Stool with wooden top 
05 Other: not covered above. 

 

For item side rack: 

44.        Code                   Item 
01 Complete wooden side rack 
02 Board side rack 
03 Others: not covered above. 

 

For item chauki (including Takhat): 

       Code                   Item 
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01 Complete wooden 
02 Wooden frame and plywood top 
03 Others: not covered above. 

 
For item beds: 
       Code                  Item 

01 Complete wooden bed without box 
02 Complete wooden frame bed with nivad/jute knitting 

(cot) 
03 Complete wooden frame bed with ply as back without 

box 
04 Board frame bed with ply as base and with box  
05 Folding bed with metal frame and ply base 
06 Bamboo frame cot with wooden legs 
07 Others: not covered above (this will not include bamboo 

cot) 
 
For item others: 

        Code                   Item 
01 Children palna 
02 Wooden swings 
03 Others: not covered above. 

Size  

45. Length, width, 
breadth/girth and 
thickness/depth 

Length and width will be recorded in feet. Breadth /girth and 
thickness/depth will be recorded in inches. 

46. Chair item: code 01 to 04 & 10, width will be recorded in 
feet. For type code (05 to 16) size is not to be recorded. 

Table item: for all type codes, length and width of top excluding 
computer and dressing table are to be recorded.  Number of 
drawers in the table (wherever applicable) is to be recorded in the 
remark column against table type code. 

Bench item: for all type codes, length and width of seat and height 
of back are to be recorded wherever applicable. 

Almirah item: for all type codes height, width and depth are to be 
recorded and number of partitions is to be mentioned in the remark 
column against each type code. 

Stool item:  The length and width of the top are to be recorded 
against all type code. 

Side rack item: Height, width and depth are to be recorded and 
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number of partitions is to be recorded in the remark column 
against each type code. 

 

Chauki item: Length and width of the top are to be recorded 
against each type code. 

Bed item: Length and width of the bed are to be recorded. Depth 
of the box is to be recorded in the remark column against 
appropriate type code. Height of the counter from the platform of 
the bed is to be recorded.  

Others item: For type code 01, length, width and height are to be 
recorded.  If the palna is made of rods/strips, it is to be mentioned 
in the remark column.  For other type codes length, width and 
height (wherever applicable) will be recorded. 

47. Number of Items 48. The number of items will be indicated against each type 
code and their sizes. 

49. Source code Source code will be recorded against each type code. 

50.         Code         Source 

1 Purchased from market/forest depot 
2 Received due to rights and concession              
3 Own farm land                                              
4 Others (specify):this will cover the free collection. 

Period of sawn and place 
code 

The period of sawn and place code will be recorded as follows: 

51.     Code              Period and sawing place 

1 Sawn during current year at home 
2 Sawn in past at home 
3 Sawn during current year at saw mill 
4 Sawn in past at saw mill 

52. Remarks Crew leader should give the remarks wherever other type code is 
used. 

 

D. Wooden Agricultural Implements 

53. Selected village 
name/IV unit & 
UFS Block no. 

For Rural Survey the name of selected village and for Urban 
survey UFS Block no. along with Investigator unit (IV unit) no. 
will be recorded as per sample list. For example in urban survey 
IV unit no. 2 and UFS block no. 25 will be written as 0225. First 
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two digits represent IV unit no. and last two digit represent UFS 
block no. 

54. Hhs. serial no from 
Listing Schedule  

This is the serial no. of particular hhs. taken from the respective 
Listing Schedule-I (R)/ I(U)  (col.43-45/ 50-52) as the case may 
be. 

55. Item name & code  

56.  

57. Item name  & code will be recorded in this col. 
Defnitions of items are given in chapter II 

58.       Code       Name of Item 

50 Yoke 

51 Plough 

52 Leveller  

53 Harrow  

54 Wooden wheel small cart 

55 Wooden wheel big cart  

56 Other wheel big cart   

57 Other tools 

59. Number of Items. 60. The number of items will be recorded against each item. 

61. Source code Source code is to be recorded as under  

62.        Code              Source 

1 Purchased from market/forest depot 

2 Received due to rights and concession       

3 Own farm land 

4 Others (specify):this will cover the free collection. 

Period of sawn and place 
code 

The period of sawn and place code will be recorded as follows: 

63.       Code              Period and sawing place 

1 Sawn during current year at home 

2 Sawn in past at home 

3 Sawn during current year at saw mill 
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4 Sawn in past at saw mill 

64. Remarks Crew leader should give the remarks wherever necessary. 

 

E. Bamboo/Cane Consumption  

 

65. Selected village 
name/IV unit & 
UFS Block no. 

For Rural Survey the name of selected village and for Urban 
survey UFS Block no. along with Investigator unit (IV unit) no. 
will be recorded as per sample list. For example in urban survey 
IV unit no. 2 and UFS block no. 25 will be written as 0225. First 
two digits represent IV unit no. and last two digit represent UFS 
block no. 

66. Hhs. serial no from 
Listing Schedule  

This is the serial no. of particular hhs. taken from the respective 
Listing Schedule-I (R)/ I(U)  (col.43-45/ 50-52) as the case may 
be. 

67. Bamboo/Cane 
cnsumption 

Item name and code 

68. The item name & code will be recorded as under 

69.        Code            Item 

61 Bamboo roofing 
62 Bamboo fencing 
63 Bamboo basket 
64 Bamboo furniture 
65 Bamboo others include bamboo house 
66 Cane furniture (dia 0-1 cm) 
67 Cane furniture (dia > 1 cm) 
68 Cane others (dia 0-1 cm) 
69 Cane others (dia > 1 cm) 

70. Species code For bamboo/cane used in the items, species code will be 
recorded as per the Annexure-VII 

71. Length of 
Bamboo/Cane 
consumed 

72. The length of bamboo/cane (in m) used for the items in 
preceding field are considered in this col. species wise. 

73. Source code Source code will be recorded as under: 

74.        Code                  Source 

1 Purchased from market/forest depot 
2 Received due to rights and concession 
3 Own farm land 
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4 Others (specify) 
75. Remarks Crew leader should give the remarks wherever other items is 

used. 

 

F. Fuel  Consumption per Annum 

Selected village name/IV 
unit & UFS Block no. 

For Rural Survey the name of selected village and for Urban 
survey UFS Block no. along with Investigator unit (IV unit) no. 
will be recorded as per sample list. For example in urban survey 
IV unit no. 2 and UFS block no. 25 will be written as 0225. First 
two digits represent IV unit no. and last two digit represent UFS 
block no. 

Hhs. serial no from Listing 
Schedule  

This is the serial no. of particular hhs. taken from the respective 
Listing Schedule-I (R)/ I(U)  (col.43-45/ 50-52) as the case may 
be. 

76. Fuel usage name & 
code 

 

 

 

 

 

 

 

 

 

 

 

Period code: 

 

77. Two digit code for usage of fuel will be recorded as 
under: 

78.        Code      Fuel usage 
71 Cooking 
72 Heating 
73 Lighting 
74 Others (includes funeral) 

Note: Annual fuel consumption is to be calculated (at Hqs.) 
against cooking, heating, lighting and others for the category of 
fuel given in the schedule. To calculate annual fuel consumption, 
quarterly consumption is to be recorded as per the given 
Proforma 

 

The fuel consumption is to be recorded on quarterly basis as per 
given period for whole of the year in kg./ltrs/units (kWh) 

79.        Code       Period 

1 April-June 
2 July- Sept. 
3 Oct.-Dec. 
4 Jan-March 

 

80. Fuelwood (kgs.) 81. The consumption of fuelwood for cooking, heating and 
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others is to be recorded quarterly against appropriate 
item in kgs. If it is in local unit converted quantity in kgs. 
is to be given.  

82. Agri. Waste  (kgs.) 83. This item is generally used for cooking, heating and 
other purposes. Its consumption will be recorded 
quarterly in kgs. only. 

Cow dung (kgs.) 84. This item is generally used for cooking, heating and 
other purposes. Its consumption will be recorded 
quarterly in kgs. only. 

Charcoal (kgs.) 85. This item is generally used for cooking, heating and 
other purposes. Its consumption will be recorded 
quarterly in kgs. only. 

Coal (kgs) 86. This item is generally used for cooking, heating and 
other purposes. Its consumption will be recorded 
quarterly in kgs. only. 

Bio gas/LPG (kgs.) 87. The consumption of gas for cooking, heating, lighting 
and others is to be recorded quarterly against appropriate 
item in kgs.   

Kerosene (Ltr.) 88. The consumption of kerosene for cooking, heating, 
lighting and others is to be recorded quarterly against 
appropriate item in ltrs.   

Electricity (kWh) 89. The consumption of electricity for cooking, heating, 
lighting and others is to be recorded quarterly against 
appropriate item in kWh (1 unit of electricity consumed).   

Source code for fuelwood Source code will be recorded in case of fuel wood only. 

     Code              Source 

1 Purchased from market/forest department 
2 Received due to rights and concession 
3 Own farm land 
4 Free collection from forest 
5 Free collection from other sources 

 

G. Fodder Consumption per Annum 

Selected village name/IV 
unit & UFS Block no. 

For Rural Survey the name of selected village and for Urban 
survey UFS Block no. along with Investigator unit (IV unit) no. 
will be recorded as per sample list. For example in urban survey 
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IV unit no. 2 and UFS block no. 25 will be written as 0225. First 
two digits represent IV unit no. and last two digit represent UFS 
block no. 

Hhs. serial no from 
Listing Schedule  

This is the serial no. of particular hhs. taken from the respective 
Listing Schedule-I (R)/ I(U)  (col.43-45/ 50-52) as the case may 
be. 

How many fodder 
consuming animals do 
you have (Item 1) 

The numbers of big (like cow buffalo etc) and small (like sheep, 
goat etc.) animal numbers are to be recorded. 

90. Do you collect 
fodder from forest 
(item 2) 

91. The appximate quantity of fodder collected in week is to 
be recorded in Kg. in case head load, the information is 
to be converted into Kgs.  This information includes both 
for consumption of own animals and for sale.   

92. Animal Code 93. The code of the animal will be recorded as follows: 

      Code   Animal                        
01 Cow                       
02 Bull                       
03 Buffalo                  
04 Horse                    
05 Camel                   
06 Mule                     
07 Donkey                 
08 Other big animal   
09 Goat                      
10 Sheep                     
11 Other small animals   

Number 94. Number of said animal is to be recorded. 

Period Code The fodder consumption is to be recorded on quarterly basis as 
per given period for whole of the year  

95.        Code      Period 

1. April-June 
2. July- Sept. 
3. Oct.-Dec.  
4. Jan-March 

Stall feeding 96. Code will be recorded as follows: 

             Code    Description 
01 Full from market 
02 75 % from Market and 25 % from own farm 
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03 50 % from Market and 50 % from own farm 
04 25 % from Market and 75 % from own farm 
05 0% from Market and 100 % from own farm 
06 75 % Market and 25 % from forest 
07 50 % Market and 50 % from forest 
08 25 % Market and 75 % from forest 
09 0% Market and 100 % from forest 
10 75 % own farm  and 25 % from forest 
11 50 % own farm  and 50 % from forest 
12 25 % own farm  and 75 % from forest 

Loping 97. If lopping is being done, code will be recorded for fodder 
through lopping as follows: 

             Code    Description 

1. Full 
2. 75 -100 % 
3. 50-75 % 
4. 25-50 % 
5. 0-25 % 
 

Grazing 98. Code will be recorded as follows: 

             Code    Description 

1. Full from Outside Forest (OF) 
2. 75 % from OF and 25 % from forest 
3. 50 % from OF and 50 % from forest 
4. 25 % from OF and 75 % from forest 
5. 0% from OF and 100 % from forest 
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Field Forms 
Form-DIF: Divisional Information Form (DIF) 

(Reference year: 2009-2011) 
 

District No. of 
Divisions 

Division 
Visited 

   
         

RFA of Division % of division area falling in 
the district 

No. of Ranges 

   
 

Name of the   DFO: ............................................................................ 
Note: 

a. If there are more than one division in a particular district, a separate 
questionnaire is to be filled for each division. 

b. If division falls in more than one district, then percentage of area falling in 
selected district should be indicated. 

 

 
 

1.        
1. Whether any study on production & consumption of timber, pole  

and fuelwood was made under working plan.                                  
(If yes collect the same). 
 

2. Whether any report on wood balance study in last ten years  
            has been published by department/university/ other                       
           agencies? (if yes, collect a copy).  

 
 

    
Name of the investigator /crew leader                                                     Signature                                                                     
Date: 
 

  

Yes No 

Yes No 
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Form- CH1: Listing Schedule-I (R): For Preparation of Rural Frame  
Job No. Form 

code 
Tehsil name Village name 

1-3 4   
 1   

 
No. of 

affluent 
Hhs. 

No. of 
less-

affluent 
Hhs. 

No. of 
other 
Hhs. 

Total No. of Hhs.selected Latitude 

dd  mm  ss 

Longitude 

dd  mm  ss 

Time spent on 
listing 

Hamlets 
formed 

Selected 
hamlets 

Day Hours 

Affluent Less-
affluent 

Others 

13-14 15-16 17-18 19 20 21-22 23-28 29-34 35 36 37 38-39 

            

 
Working sheet for identifying relatively affluent households 

House 
no. 

Hh. 
sl. 
no 

Name of head of household Hh. 
size 

Affluent household 
owns  any of the  items in col . no 48-51  

Less affluent household 
owns  any of the items in  col .52-53 

Others 
(Hh. which do 
not have a tick 

mark in col. 48-
53 

Hhs.. 
Sl.No. for 
affluent 
Hhs.. 

 

Hhs.. Sl.No. 
for less-

affluent Hhs.. 
 

Any of the Motorcar/ 
jeep/ Tractor/ Truck/ 

Van/ Bus/ Large 
business/ Spacious 

pucca house 

Any two of the item 
given below 
Refrigerator/ 
Telephone 

T.V./washing 
machine, 

/VCD/DVD etc. 

Cultivable 
land 7ha. / 

irrigated 
land  3.5 

ha  

No. of  
cattle 
and 

buffaloe
s 10 or  
sheep 
/goat 
30 

Cultivable land 
<7ha. & >0.4 ha / 

irrigated land 
<3.5 ha. & >0.4 

ha  

No. of  cattle and 
buffaloes < 10 &  
2 or  sheep /goat < 

30 & 5 

40-42 43-45  46-47 48 49 50 51 52 53 54-56 57-58 59-60 
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Form CH-1: Listing Schedule-I (R): For Preparation of Frame (continuation sheet) 

40-42 43-
45  46-

47 48 49 50 51 52 53 54-56 57-58 59-60 

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             

                                                                                              
Name of the investigator..............................    Designation.........................signature............................. Date:............................... 
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Form-CH3: Consumption details of wood in selected households (all forms A to F are to be 
filled up) 

 
 

Job No. 
Stratum size 

(no. of 
villages/UFS 

blocks) 

Tehsil 
name/ Town 

code 
 

Selected 
village 

name/IV 
unit & UFS 
block No. 

Hhs. serial 
No. from 

listing 
schedule 

1-3 13-16   17-19 
     

 
Hh. class 

code 
Education Level of 

Hh. 
20 21 

  
 
 
A: Particulars of household and house structure 

 
1. Name of the Head of the Household :……………………………………     
 
2. Total number of persons living in the household : 
 
3. Social group code: (SC-1, ST-2, OBC-3, Others-4) 
 
4. Religion code of the household: 

(Hindu-1, Muslim-2, Chirstian-3, Sikh-4, Buddhist-5, Jain-6, Others-7) 
 
5. Means of livelihood code of the household : 

         
6. Type of building actually visited as a 

sampling unit.  (Kachcha-1, Pucca-2, Multi storeyed-3, Others (specify)-4) 
 

7.  Covered area occupied by household (sq. m.) 
 
8. Do you collect fuel wood from forest, if yes, approximate quantity  
in a week (no. of  head loads converted to kg is to be recorded.) 

******************** 
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B. Existing use of wood for house construction 
 

District code Selected village name/IV unit & 
UFS block No. 

Hh. serial No. from listing 
schedule 

   
 
Year of construction:______________ 

ITEM 
Type 
code 

Size 
No. of 
items 

Sourc
e code 

Period of 
sawn and 

place 
code 

Remarks Name Code Length 
(ft) 

Width 
(ft) 

Breadth/ 
girth 

(inches) 

Thick-ness/ 
depth 

(inches) 
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           

Note : Doors & windows include the frames and panels
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C: Existing wooden furniture items 
 
District 

code 
Selected village name/IV unit & 

UFS block No. 
Hh. serial No. from listing 

schedule 
   

 
ITEM 

Type 
code 

Size 
No. of 
items 

Source 
code 

Period 
of sawn 

and 
place 
code 

Remarks Name Code Length 
(ft) 

Width 
(ft) 

Breadth/ 
girth 

(inches) 

Thick-
ness/ 
depth 

(inches) 
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           

Note: Doors & windows include the frames and panels. 
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99. D: Wooden Agriculture Implements 
 
District 

code 
Selected village name/IV unit & 

UFS block No. Hh. serial No. from listing schedule 

   
 

ITEM 
No. of items Source 

code 

Period of 
sawn and 

place 
code 

Remarks Name Code 

      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      

 
******************** 
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100. E: Bamboo/Cane Consumption  
 
District 

code 
Selected village name/IV unit & 

UFS block No. Hh. serial No. from listing schedule 

   
 

 

ITEM 
Spp. 
code 

Length of 
Bamboo/ 

cane (in m) 
consumed 

Source 
code Remarks Name Code 

      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
  

******************** 
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101. F: Fuel Consumption per annum 
 
District 

code 
Selected village name/IV unit & 

UFS block No. Hh. serial No. from listing schedule 

   
 

 
 

 

Fuel 
usage 
code 

Period 
code 

Fuel 
wood 
(kgs.) 

Agri. 
Waste 
(kgs.) 

Cow 
dung 
(kgs.) 

Char 
coal 

(kgs.) 
Coal 
(kgs.) 

Gas 
(kgs.) 

Keros
ene 

(Ltr.) 

Electri-
city unit 
(kWh.) 

Source 
code for 

fuel 
wood 

           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
102.  

 
        Name of crew leader...……………………… Designation……………………………. 

Signature……………………..                        Date:…………………………….  
   

******************** 
 

103. G: Fodder Consumption per annum 

District Selected village name/IV unit & UFS Hh. serial No. from listing schedule 
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1. How many fodder consuming animals do you have?      Big        Small 
2. Do you collect fodder from forest? If yes, 

approximate quantity collected in a week. (no. of 
head loads converted to Kg is to be recorded) 
  
   

 
 
 

 

104.  
 Name of crew leader...……………………… Designation……………………………. 

Signature……………………..    Date:……………………………. 

code block No. 
   

   

Animal 
code 

Number Period 
Code 

Stall 
feeding 

Loping Grazing Remarks 

Col.1 Col.2 Col.3 Col.4 Col.5 Col.6 Col. 7 
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Random Number Table 
 

1 2 3 4 5 6 7 8 9 10 
9917 3490 5533 2577 4348 0971 2580 1943 7370 7319 
6376 9899 9259 5117 1336 0146 0680 4052 6934 0165 
7287 0983 3236 3252 0277 8001 6058 4501 1592 6953 
0592 4912 3457 8773 5146 2519 3931 6794 4683 7249 
6499 9118 3711 8838 0691 1425 7768 9544 4206 3295 
0769 1109 7909 4528 8772 1876 2113 4781 5885 3316 
8678 4873 2061 1835 0954 5026 5967 6560 2584 4222 
0178 7794 6488 7364 4094 1649 2284 7753 1275 5976 
3392 0963 6364 5762 0322 2592 3452 9002 6801 1709 
0264 6009 1311 5873 5926 8597 9051 8995 6853 9282 
4089 7732 8163 2798 1984 1292 0041 2500 3210 4345 
9376 7365 7987 1937 2251 3411 6737 0367 1684 5742 
3039 3780 2137 7641 4030 1604 2517 9211 2391 2897 
8971 8653 1855 5285 5631 2649 6696 5475 2543 3913 
0373 4153 5199 5765 2067 6627 3100 5716 6793 5986 
9092 4773 0002 7000 7800 2292 2933 6125 8118 4646 
2464 1038 3163 3569 7155 2029 2538 7080 4970 2717 
3027 6215 3125 5856 9543 3660 0255 5544 4496 1109 
5754 9247 1164 3283 1865 5274 5471 1346 9022 5050 
4358 3716 6949 8502 1573 5763 5046 7135 4816 1007 
7178 8324 7379 7365 4577 4864 0629 5100 8897 4869 
5035 5939 3665 2160 6700 7249 1738 2721 4234 7491 
3318 0220 3611 9887 4608 8664 2185 7290 6933 5786 
9058 1735 7435 6822 6622 8286 8901 5534 0502 3633 
7886 5182 7595 0305 4903 3306 8088 3899 6440 9450 
3354 8454 7386 1333 5345 6565 3159 3991 1248 0405 
3415 7671 0846 7100 1790 9449 6285 2525 3110 1168 
3918 5872 7898 6125 2268 1898 0755 6034 8822 2604 
6138 9045 6950 8843 6566 0917 6673 5721 5680 1201 
3825 1704 2835 4677 4637 7329 3156 3291 5327 1250 
1349 0417 9311 9787 1284 0769 8422 1077 3789 0805 
4234 0248 7760 6504 2754 4044 0842 9080 5688 7601 
6880 3201 7044 3657 5263 0374 7563 6599 8552 7348 
0714 5008 5076 1134 5342 1608 5179 0967 8713 5638 
3448 6421 3304 0583 1260 0662 7257 0766 2104 4716 
5711 7343 7539 3684 9397 5335 4031 1486 6503 8499 
2588 3301 0553 2427 3598 2580 7017 9176 0085 0711 
8581 4253 7404 5264 5411 3431 3092 8573 3822 3407 
8475 6322 3949 9675 6533 1133 8776 2216 2193 9184 
0272 5624 8549 5552 7469 2799 2822 9620 5392 1390 
7383 7795 7939 2652 4456 6993 2950 8573 4635 6166 
5126 2089 7729 0945 3901 4445 7117 8186 0495 3715 
2064 3760 0939 7319 5939 3432 2030 4752 3296 3067 
9315 8185 7805 6294 7072 6491 4012 1016 1348 5573 
6814 8752 3462 6001 3302 3895 7371 3432 3132 2603 

 
For household survey, two hhs from affluent class, five from less affluent class and five from 
other classes is to be selected randomly. For random selection, the random number table will 
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be used.  Different steps using random number table and selecting units from these three 
classes are given below: 

 

Step-1: Check the first digit of the district code of selected village. 

Step-2:  The column of random number table corresponding to the first digit of district code 
will be used for random selection of hhs. in affluent class and two next consecutive columns 
of random number table will be used for selection of hhs in less affluent and other classes. 

Step-3: For selection of hhs two digit random number will be used.  In case the serial number 
of hhs in a particular class is of three digit number, random number with three digit will be 
used. 

Illustration: 

1. For example, the district code of the selected village is 12. 

2. Since the first digit of the district code is “2”, the column 2 of random number table 
will be used for selection of hhs from affluent class. The next consecutive columns i.e. 
col.3 and col.4 of table will be used for selection of hhs from less affluent and other 
classes. In case second digit of the district code comes as ‘0’, the random start will be 
done from the 10th column. 

Suppose there are 30 hhs in affluent class serially numbered from 1-30. For random selection, 
column 2 of the random number table will be used. In  column 2, the first 2 digits random 
number is 90.  Since there are only 30 numbers we will ignore this random number.  The 
second random number in the column is 99 which will again be ignored.  The next two digit 
number is 83 which will again be ignored.  The next two digit number is 12 and therefore, the 
hhs with serial number 12 in column 57-58 of Form CH1 will be selected.  Similarly the 
second unit in affluent class will be selected.  In case the same random number is repeated, it 
will also be ignored.  The same procedure will be adopted for selection of hhs from less 
affluent and other classes from the respective columns of random number table as explained 
in 2 above. 

******************** 
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Annexure III- Stakeholder Consultation Presentations  
Stakeholder Consultation with Madhya Pradesh Forest Department  

, Bhopal, Madhya Pradesh, 02/11/10 
 

Date of Consultation: 2nd Nov’ 10
Venue: Satpura Bhawan, Bhopal

Stakeholder Consultation with 
Madhya Pradesh Forest Department 

Analyzing Forest Carbon Accounts for 
Sustainable Policy Options with Special 

Reference to Livelihood Issues

IIFM-TIFAC-IIASA Project

 

Outline
• Team Structure
• Objectives
• An Introduction to Models

• Forest Carbon Index
• Carbon Budget Model- Canadian Forest Sector
• Russia Carbon Accounts
• CC-Tame
• GLOBIOM

• Framework
• India Carbon Model
• Dataset Identified
• Data Sufficiency
• Project Deliverables

 

Project Execution Team 
From IIFM – Coordinating Organisation
• Dr. R.B. Lal, Director IIFM - Principal Investigator 
• Dr.(Mrs.) Madhu Verma ,Professor, EDE – Co-PI
• Dr. H.S. Gupta, Professor, TF, Co-PI
• Ms. Priyanka Batra- Consultant
Partner Organisation:  IES, New Delhi
Mr. Swapan Mehra, Founder & CEO, Nodal Coordinator 
Technical Support- IIASA, Austria
• Dr. Anatoly Shivdenko, Forestry Program- Acting Program 

Leader
• Dr. Hannes Bottcher, Intergrated Land-Use Modelling 

Expert- Member
• Dr. Petr Halvik, GLOBIOM Expert- Member

Analyzing Forest Carbon Accounts for 
Sustainable Policy Options with Special 

Reference to Livelihood Issues

 

Study Steering Committee (SSC)

• Dr. Devendra Pandey, Former Director General , FSI  –
Chairman

• Prof. N.H. Ravindranath , Centre for Sustainable 
Technology, IISc   – Member 

• Mr. Ravindranath Saxena ,APCCF, Govt. of M.P.  – Member
• Mr. S. Biswas , Advisor and Head –Indian-IIASA 

Programme , TIFAC – Member 
• Mr. Sandeep Tripathi , Director(Research) ICFRE                            

– Member
• Ms. Sangeeta Baksi , PSO/India-IIASA Programme  –

Member

 

Objectives
• To analyze existing forestry, land use and other 

policies which have bearing on forestry sector.

• To develop an India Carbon Model with special 
reference to Himalayan states of HP and Sikkim and 
central Indian plain state of Madhya Pradesh.

• To analyze the feasibility of international financial 
mechanism in the forestry scenario of India, with 
special reference to project areas.

• Through the findings of India Carbon Model to suggest 
intervention for sustainable management of Forests 
of India 

 

Models

• Forest Carbon Index
• Carbon Budget Model- Canadian 

Forest Sector
• Russia Carbon Accounts
• CC TAME
• GLOBIOM
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Forest Carbon Index (FCI) RFF-IIASA

Goal
It analyzes the potential of every piece of land on Earth to 
combat climate change by storing carbon in forests, 
whether existing or newly planted. 

Objectives
– Illuminate geography of potential forest carbon

– estimate forest carbon costs, quantities, and revenues 

• The FCI is a powerful tool for policymakers and market 
players

Approach
The Forest Carbon Index is a geospatial analysis that 
estimates each nation’s potential to attract forest carbon 
investment based on profit potential and country-specific 
risk factors. 

 

Data Sets Required
• Forest activities: Incorporates both REDD and A/R

• Policy relevance:  Models the most likely policy and market 
conditions

• Scale: Provides insight at the global, national, and local levels 
for all countries with forest carbon potential

• Risk factors: explicitly accounts for risk factors such as 
country governance, ease of doing business, and readiness

• Geography: Uses a hybrid of stock and flow approach to 
predict the geography of  supply

• The results are presented in maps to illustrate the potential 
geography of forest carbon and in tables to show the estimated 
costs, quantities, and revenues from forest carbon. 

 

Maps: Geography of Forest 
Carbon

• Two spatial scales
– the country scale : big picture for investment strategy

– the local scale: investment opportunities 

 

FCI Framework

The FCI captures each of these factors in one composite 
score that reflects the full set of conditions that influence the 
forest carbon generation.

FCI = Profit Potential × Risk Factor

Profit Potential = Profit Margin × Quantity of Credit

Risk = (Governance × 0.4) + (Ease of Doing Business × 0.4) 
+ (Readiness × 0.2)  

 

Policy Scenario

• Policy Constraints
– Price constraints
– Non-permanence risk buffer
– Additionality threshold
– Quantity Limits

 

Carbon Budget Model- Canadian 
Forest Sector 

• An operational-scale model of stand 
and landscape-level forest C 
dynamics.

• Allows forest managers to assess 
carbon implications of forest 
management: increase sinks, reduce 
sources

• Builds on 20 years of CFS Science
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CBM-CFS3 Approach
• Stratification of forest into classes  

– Species, site productivity, management type and other criteria used 
to divide forest estate into strata

• Relies heavily on existing forest inventory information 
– Input data from forest inventories (or remote sensing)
– Empirical representation of growth dynamics at the stand level.

• Dead Organic Matter (DOM) Dynamics linked to Biomass
– Process modelling of litterfall, mortality, disturbance 

• impacts and decomposition to estimate DOM pools
• Simulates natural disturbances, forest management and 

land-use change
– Input data from forest monitoring including remote sensing

 

Data Requirements
• Forest inventory – area by growth type and age
• Volume over age curves for all growth types
• Transition rules for growth curves
• Schedule of harvests and other management activit
• Natural disturbance data (type, area, year)
• Land-use change (Afforestation, Deforestation)
• Volume to biomass conversion equations
• Ecological parameters

 

 

Russia Carbon Accounts

• Full Carbon Account
– Pools and Flux have been considered

• Baseline: 1990
• Projection for 2010

 

Carbon Pools and Fluxes 

 

Integrated information 
system used in Russia FCA 

 

CC TAME Model Follow up on INSEA Project 

• Climate Change- Terrestrial Adaptation and Mitigation in 
Europe

• Project Duration: 2008-2011, by IIASA

• Policy-model-data fusion concept

• Assesses the impacts of agricultural, climate, energy, 
forestry and other associated land-use policies considering 
the resulting feed-backs on the climate system in the EU 

• Policy models are 
– data and technology rich 
– information from plot level simulation “experiments” (robustness of 

results)
– impacts and efficiency of policies on various levels of aggregation 

both in terms of economic impacts and on the concrete place specific 
management practice
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Concept

Source: Project Summary CCTAME

Bottom-up approach on farm/forest management practice level to full 
fledged sector analysis.  

Integrated Policy Scenario Assessment 

• Assessing a wide range of environmental, agricultural, 
forest, and energy policy scenarios.

• Particular policies to be analysed include those aimed at 

– enhancing or preserving carbon stocks (national 
implementation of incentives provided by the Kyoto 
Protocol, for example)

– enhancing the use of bioenergy (Renewable 
Electricity Directive, Liquid Biofuels Directive, in the 
future a Renewable Heating and Cooling Directive)

– as well as policies aimed at reducing non-CO2 GHG 
emissions (CH4, N20) from agriculture

 

GLOBIOM
• Global Biomass Optimization Model
• Recursive dynamic partial equilibrium model 
• Integrates the agricultural, bio energy and forestry sectors 
• Policy advice on global issues concerning land use 

competition between the major land-based production 
sectors

 

India Carbon Model

• Partial Carbon Account 
– Only Carbon Pool considered

• Divided into seven sub models
• Policy, social and economic 

components have been included 

 

Biophysical 
Parameter of 

Forest/Tree Cover

Growing stock, Age Class, 
Density Class, Forest Type, 

Soil Type, Forest Cover, 
Tree cover

Harvest Plans

Forest Working 
Plans

Forest 
Inventory

Disturbances

 

Base  Forest 
Carbon Model

Forest Growth 
Model

Opportunity Cost 
Model

Livelihood Model

Carbon Quantity 
Model

Livelihood and Forest 
Carbon  Model

IMPACT ON LIVELIHOOD

I3

I4

O2

India Carbon Model (ICM)

O1

O4

O3

O1+ O2

O7

O6+ O4

O5

Carbon - Cost Model

I1 I2

O3+ O5

O6
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Sub Models INPUT OUTPUT
Base Forest Carbon 
Model

I 1 (Forestry Lens)
Forest Inventory 
Data
Harvest Schedule
Land Use
Disturbance

O 1 Forest cover with land class 
and land use

Forest Growth Model I 2 O 2 Yield Growth Curve
Forest Cover as per scenario 
runs

Carbon Quantity Model O1 + O2 O 5 Existing forest carbon content
Carbon content as per scenario 
runs

Opportunity Cost 
Model

I 3 + O5 (Economic Lens)
I3: Land Use
Disturbance
Harvest  Schedule

O3 Opportunity costs with respect 
to various land uses

Carbon Cost Model O3 + O5 O 6 Supply curve with opportunity 
cost and carbon potential

Livelihood Model I 4 (Social Lens)
Population dynamics
Livestock dynamics
Livelihood dynamics
Disturbance

O 4 Livelihood projection as per the 
scenario 
a) Area and livelihood types
b) Population and livelihood 

types

Livelihood and Forest 
Carbon Model

O4 + O6 O7 Impact on Livelihood

 

Datasets Required
Building Blocks Variables
Forest Inventory 
Data

series  of  classifiers stand  identifier,  administrative  unit,  ecological 
region, ownership

series of stand attributes area, age, species, forest type, volume, last disturbance 
type
Unless the user provides a volume-over-age curve for a 
shrub or moss component, it is not modelled

Harvest schedule: Working Plans

Harvest and silviculture types, and a list of events 
identifying stand types, ages, and amounts affected by 
each specific type, and the year in which the events will 
occur.

Land-use change Land-use change 
information 

inventory of stands to be afforested or expected to be 
deforested or converted to land uses other than forest; 

 

Datasets Required contd…
Building Blocks Variables
Disturbance Disturbance 

information:
a list of events identifying stand types, ages, and amounts affected by 
each specific disturbance type, and the year in which the events will 
occur

disturbance types Wild fire 
Types of insects and pest attacks
Clear-cut with slash-burn 
Clear-cut harvesting with and without salvage 
Fire combined with salvage logging 
Deforestation (various types corresponding to converted land use) 
Afforestation 
Natural non-forest rehabilitation 
Partial cutting (50% removal) 
Natural succession 
Salvage logging after fire 
Salvage logging after insects 
Generic mortality (ranging from 5% to 95% mortality for creating 
custom disturbance types) 
Commercial thinning (ranging from 10% to 85% volume removal) 
Planting effects 
Stand replacing natural succession 
Insect disturbances that cause reductions in growth rates

Climate change impacts on forest 
growth

temperature changes on decomposition rates

impacts of climate 
change on disturbance 
regimes:

These impacts are not predicted through process simulation, but users 
can implement them by providing scenarios with changes in 
disturbance regimes without explicit attribution to possible causes 
such as fire suppression or climate change.

 

Data sufficiency

• Data sufficiency and availability key 
for running model accurately and for 
deciding the variables.

• Invite response from you on the 
above variables 

• Parallel variables which have data 
available

 

Policy 
• Land Ceiling Act
• Forest Policy of the State
• Policies related to 

– Land Use 
– Agriculture
– Animal Husbandry
– Tourism
– Mining
– Rural and Urban Development
– Hydro Electric
– Biodiversity

 

Datasets
• Digital maps of the state
• Working plans
• Forest Inventory data
• JFM data
• NTFP data
• CDM data
• Agriculture and Agro forestry data
• Data on plantation activities
• NREGA
• Livelihood generation activities
• Demographic data

– Socio-economic aspect
– Migration 

 

THANK YOU

 

 

 

SUGGESTIONS
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STAKEHOLDER CONSULTATION WORKSHOP ON 

Analyzing Forest Carbon Accounts for Sustainable Policy Options with Special 
Reference to Livelihood 

 Issues 18th January 2011, Talland Shimla, HP  

 

HIMACHAL PRADESH FOREST DEPARTMENT 

18TH JANUARY 2011, TALLAND, SHIMLA

STAKEHOLDER CONSULTATION WORKSHOP  ON

ANALYZING FOREST CARBON ACCOUNTS FOR 
SUSTAINABLE POLICY OPTIONS WITH SPECIAL 

REFERENCE TO LIVELIHOOD
ISSUES

 

Analyzing Forest Carbon Accounts for Sustainable 
Policy Options with Special Reference to Livelihood

Issues

STAKEHOLDER CONSULTATION WORKSHOP ON 

18th January 2011, Talland Shimla, HP

 

OUTLINE

• Project Team 
• Objectives
• Project Deliverables
• Framework
• India Forest Carbon Model
• CBM-CFS3 Model Demonstration
• Expectations from the SFD
• Discussion &Way Forward

 

Analyzing Forest Carbon Accounts for Sustainable 
Policy Options with Special Reference to 

Livelihood Issues

Project Execution Team 
Coordinating Organisation: IIFM, Bhopal
• Dr. R.B. Lal, Director IIFM - Principal Investigator 
• Dr.(Mrs.) Madhu Verma ,Professor, EDE – Co-PI
• Dr. H.S. Gupta, Professor, TF, Co-PI
• Ms. Priyanka Batra- Consultant
Partner Organisation:  IES, New Delhi
Mr. Swapan Mehra, Founder & CEO, Nodal Coordinator 
Technical Support: IIASA, Vienna, Austria
• Dr. Anatoly Shivdenko, Forestry Program- Acting Program 

Leader
• Dr. Hannes Bottcher, Intergrated Land-Use Modelling 

Expert- Member
• Dr. Petr Halvik, GLOBIOM Expert- Member

 

Study Steering Committee (SSC)

• Dr. Devendra Pandey, Former Director General , FSI 
– Chairman

• Prof. N.H. Ravindranath, Centre for Sustainable 
Technology, IISc– Member 

• Mr. Ravindranath Saxena, APCCF, Govt. of M.P.–
Member

• Mr. S. Biswas , Advisor and Head –Indian-IIASA 
Programme , TIFAC – Member 

• Mr. Sandeep Tripathi, Director(Research) ICFRE                          
– Member

• Ms. Sangeeta Baksi, PSO/India-IIASA Programme –
Member

 

Objectives
• To analyse existing forestry, land use and other 

policies which have bearing on the forestry sector.
• To develop India Forest Carbon Model with special 

reference to Himalayan states of Himachal Pradesh, 
Sikkim and central Indian plain state of Madhya 
Pradesh.

• To analyse the feasibility of international financial 
mechanism in the forestry scenario of India, with 
special reference to project areas.

• Through the findings of India Forest Carbon Model 
suggest  interventions for sustainable management of 
Forests of India.
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Project Deliverables
• One comprehensive paper on “Analysis of Policies 

impacting Forest Carbon Stock in India”
• One comprehensive paper on “Meta analysis of 

Forest Carbon Models”
• One comprehensive paper on “India Forest Carbon 

Model: Impact of various natural and human 
induced external factors on forest carbon stock”

• Policy Briefs, Guidance Papers on Forestry Sector of 
India 

 

India Forest Carbon Model (IFCM)

• Partial Carbon Account 
– Only Carbon Pool considered

• Divided into seven sub models
• Policy, social and economic 

components have been included 

 

Framework

Biophysical Parameter 
of Forest/Tree Cover

Growing stock, Age Class, 
Density Class, Forest Type, 

Soil  Type, Forest Cover, Tree 
cover

Harvest Plans

Forest Working 
Plans

Forest 
Inventory

Disturbances

Land-use 
Change Issues

Diversion of forest 
area for non-forest 

purposes, 
Encroachment, 

Ecological 
Disturbances

Fire, Insects, Pests, 
Climate Change, 

Diseases

Policy and Regulatory 
Regime

Existing Forest Policies, 
FRA, Joint Forest 

Management Status, 
Ownership, Other 

Sectoral Policies, Meeting 
Energy Needs, Existing 

Legal Framework

India Forest 
Carbon Model
Himachal Pradesh, 

Sikkim and Madhya
Pradesh

Impact on 
Livelihoods 

Policy 
Interventions and 

Market 
Mechanism

Source: Adapted 
from Carbon 
Budget Model of 
Canadian Forest 
Sector (CBM-
CFS3)

Forest Management Regime

Social Factors

Population surrounding 
forests, population density, 

cattle density, livelihood 
requirement of local 

communities

 

Indicative India Forest Carbon 
Model (IFCM)

Base  Forest 
Carbon Model

Forest Growth 
Model

Opportunity Cost 
Model

Livelihood Model

Carbon Quantity 
Model

Livelihood and Forest 
Carbon  Model

IMPACT ON LIVELIHOOD

I3

I4

O2O1

O4

O3

O1+ O2

O7

O6+ O4

Carbon - Cost Model

I1 I2

O3+ O5

O6

 

Sub Models INPUT OUTPUT
Base Forest Carbon 
Model

I 1 (Forestry Lens)
Forest Inventory 
Data
Harvest Schedule
Land Use
Disturbance

O 1 Forest cover with land class 
and land use

Forest Growth Model I 2 O 2 Yield Growth Curve
Forest Cover as per scenario 
runs

Carbon Quantity 
Model

O1 + O2 O 5 Existing forest carbon content
Carbon content as per 
scenario runs

Opportunity Cost 
Model

I 3 (Economic Lens)
I3: Land Use
Disturbance
Harvest  Schedule

O3 Opportunity costs with
respect to various land uses

Carbon Cost Model O3 + O5 O 6 Supply curve with opportunity 
cost and carbon potential

Livelihood Model I 4 (Social Lens)
Population 
dynamics
Livestock dynamics
Livelihood dynamics
Disturbance

O 4 Livelihood projection as per 
the scenario 
a) Area and livelihood types
b) Population and livelihood 

types

Livelihood and Forest 
Carbon Model

O4 + O6 O7 Impact on Livelihood

 

About HP Forests

Area Details Himachal Pradesh
Recorded Forest Area 37,033 km2

Protected Forest 13.67% of geographical area
Demarcated protected Forests 11387 km2

Un-demarcated Protected Forests 21656 km2

Unclassed Forests 976 km2

Others (managed by FD) 370 km2

Not managed by FD 748 km2

No. of National Parks 2
No. of Wildlife Sanctuaries 33
JFM Communities 1690
Area Managed under JFM 11% of forest area
% Forest Cover 26.35% of the geographical area 

Source: SFR 2009  

Demonstration of CBM-CFS3

 

CBM-CFS3
Dataset as user input
• Age Class

• Disturbance type: ID, type

• Classifiers & values

• Inventory

• Growth & Yield

• Transition Rules

• Disturbance Events

Age class ID Size of age class

Disturbance type ID Disturbance type name

Species Types Site Quality Ownership Density or 
Silviculture Class Working Status Curve Set Used 

in Each

Classifier value ID(s) UsingID entry Age class ID or age Area Disturbance ID

Classifier value ID(s) Species type Merchantable volume(s)

Source 
classifier 
value ID(s)

Using ID 
entry

Wood starting 
age class ID

Wood ending 
age class ID

Disturbance 
ID

Target classifier 
value ID(s)

Regeneration 
delay

Reset 
age

Percent
age

Classifier value 
ID(s) Using ID entry Wood starting age 

class ID
Wood ending age 
class ID

Measurement 
type Amount Disturbance 

type ID Year
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Forest Modeling Scenario 
Land Size: 30-ha
Previous land use: Agriculture for past 50 years with 10 

ha plots managed under different agricultural 
practice. 

Present land use: Abandoned 
Objectives: 
1. To explore the consequences of afforestation with a 

fast-growing species (red pine (Pinus resinosa Ait.))
2. To assess the impact of the initial state of soil organic 

carbon (which is dependent on the preforest land-
cover types and agricultural practices) on future DOM 
carbon following afforestation. 

3. To review carbon stocks as the stand grows, but also 
wants to explore the impact of clear-cut harvesting 
with slash burning on the carbon stocks of the 
afforested stands

 

Afforestation Project Details

• Location: Mixedwood Plains, Ontario
• Non forest soil types: Luvisolic,  

Brunisolic, Average 
• Stands : 3 on 10 ha plots
• For Red Pine: Growth curve is 65 years 

with five year growth intervals at this 
location

• Simulation for 150 years
• Year 1: Afforestation
• Year 100: Clear-cut with slash burn 
• Year 150: Wild fire

 

Growth and Yield Information

 

Discussion Points: Methodology
Q1. Additional externalities affecting the forest carbon 

stock to be included in model
Q2. Any studies/ methodologies used to identify the 

correlation between forest carbon stock and 
livelihoods

Q3. Including social and economic data in forest carbon 
stock modelling

Q4. Including impacts of land use, forest and related 
polices on the forest carbon stock.

Q5. Inputs on policy analysis and previous studies done
Q6. Linking of international financing mechanism 

(objective 3) with the outcomes of the IFCM and 
suggesting requisite policy interventions for 
sustainable development of the forestry sector 
(objective 4).

 

Discussion Points: HP Forests
Q1. Availability of data for modelling parameters/ 

variables
Q2. Variables typical to Himachal Pradesh that reflect the 

dependence of the forest communities on the forest 
carbon 

Q3. Data/ studies on correlation of carbon stock and 
livelihoods (from CDM A/R Project experience?)

Q4. Resolution/ scale up to which the representation of 
the forest stocks can be validated of polices on the 
forest carbon stock.

 

Expectations from the HPFD
• Critical inputs for formalization of the 

India Forest Carbon Model
• Datasets 

– Forest inventory , disturbances 
– Forest dependent communities
– Timber collection and other forest based industries
– Forest land

• Degraded land
• Encroached area
• Land use change: pasture land etc
• Area diverted due to

– Hydro electric projects
– Infrastructure development like roads, schools, hospitals etc
– Mining , Other uses

– Data on population of neighbouring states sharing the forest 
resource .

– Digital maps of
• Forests , Land use, Land class, Soil  



Analyzing Forest Carbon Accounts for Sustainable Policy Options with Special Reference to Livelihood Issues 

 

218 
 

Thank You!
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OUTLINE

• Project Team 
• Objectives
• Project Deliverables
• Framework
• India Forest Carbon Model
• Review of existing carbon models
• CBM-CFS3 Model Demonstration
• Expectations from the State FD
• Discussion &Way Forward

 

Analyzing Forest Carbon Accounts for Sustainable 
Policy Options with Special Reference to 

Livelihood Issues

Project Execution Team 
Coordinating Organisation: IIFM, Bhopal
• Dr. R.B. Lal, Director IIFM - Principal Investigator 
• Dr.(Mrs.) Madhu Verma ,Professor, EDE – Co-PI
• Dr. H.S. Gupta, Professor, TF, Co-PI
• Ms. Priyanka Batra- Consultant
Partner Organisation:  IES, New Delhi
Mr. Swapan Mehra, Founder & CEO, Nodal Coordinator 

Modelling Support: IIASA, Vienna, Austria
• Dr. Anatoly Shivdenko, Forestry Program- Acting Program 

Leader
• Dr. Hannes Bottcher, Intergrated Land-Use Modelling 

Expert- Member
• Dr. Petr Halvik, GLOBIOM Expert- Member

 

Study Steering Committee (SSC)

• Dr. Devendra Pandey, Former Director General , FSI 
– Chairman

• Prof. N.H. Ravindranath, Centre for Sustainable 
Technology, IISc– Member 

• Mr. Ravindranath Saxena, APCCF, Govt. of M.P.–
Member

• Mr. S. Biswas , Advisor and Head –Indian-IIASA 
Programme , TIFAC – Member 

• Mr. Sandeep Tripathi, Director(Research) ICFRE                          
– Member

• Ms. Sangeeta Baksi, PSO/India-IIASA Programme –
Member

 

Objectives
• To analyse existing forestry, land use and other policies 

which have bearing on livelihood in the forestry sector. 
• To develop site specific India Forest Carbon Model 

with special reference to Himalayan states of Himachal 
Pradesh, Sikkim and central Indian plain state of 
Madhya Pradesh. 

• To analyse the feasibility of suitable financial 
mechanism in the forestry scenario of India, with 
special reference to project areas.

• Through the findings of site specific India Forest 
Carbon Model suggest interventions for sustainable 
management of Forests of India .

 

Project Deliverables
• Output 1: Comprehensive report on “Analysis of 

Policies impacting Forest Carbon Stock in India”
• Output 2: Comprehensive report on “Meta analysis of 

Forest Carbon Models”
• Output 3: Comprehensive report on “Forest Carbon 

Model with reference to livelihoods”
• Policy Briefs, Guidance Papers on Forest Carbon 

Modelling in India

 

India Forest Carbon Model (IFCM)

• Partial Carbon Account 
– Only Carbon Pool considered

• Divided into seven sub models
• Policy, social and economic 

components have been included 
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Framework

Biophysical Parameter 
of Forest/Tree Cover

Growing stock, Age Class, 
Density Class, Forest Type, 

Soil Type, Forest Cover, Tree 
cover

Harvest Plans

Forest Working 
Plans

Forest 
Inventory

Disturbances

Land-use 
Change Issues

Diversion of forest 
area for non-forest 

purposes, 
Encroachment, 

Ecological 
Disturbances

Fire, Insects, Pests, 
Climate Change, 

Diseases

Policy and Regulatory 
Regime

Existing Forest Policies, 
FRA, Joint Forest 

Management Status, 
Ownership, Other 

Sectoral Policies, Meeting 
Energy Needs, Existing 

Legal Framework

India Forest 
Carbon Model
Himachal Pradesh, 

Sikkim and Madhya
Pradesh

Impact on 
Livelihoods 

Policy 
Interventions and 

Market 
Mechanism

Source: Adapted 
from Carbon 
Budget Model of 
Canadian Forest 
Sector (CBM-
CFS3)

Forest Management Regime

Social Factors

Population surrounding 
forests, population density, 

cattle density, livelihood 
requirement of local 

communities

 

Indicative India Forest Carbon 
Model (IFCM)

Base  Forest 
Carbon Model

Forest Growth 
Model

Opportunity Cost 
Model

Livelihood Model

Carbon Quantity 
Model

Livelihood and Forest 
Carbon  Model

IMPACT ON LIVELIHOOD

I3

I4

O2O1

O4

O3

O1+ O2

O7

O6+ O4

Carbon - Cost Model

I1 I2

O3+ O5

O6

 

Sub Models INPUT OUTPUT
Base Forest Carbon 
Model

I 1 (Forestry Lens)
Forest Inventory 
Data
Harvest Schedule
Land Use
Disturbance

O 1 Forest cover with land class 
and land use

Forest Growth Model I 2 O 2 Yield Growth Curve
Forest Cover as per scenario 
runs

Carbon Quantity 
Model

O1 + O2 O 5 Existing forest carbon content
Carbon content as per 
scenario runs

Opportunity Cost 
Model

I 3 (Economic Lens)
I3: Land Use
Disturbance
Harvest  Schedule

O3 Opportunity costs with
respect to various land uses

Carbon Cost Model O3 + O5 O 6 Supply curve with opportunity 
cost and carbon potential

Livelihood Model I 4 (Social Lens)
Population 
dynamics
Livestock dynamics
Livelihood dynamics
Disturbance

O 4 Livelihood projection as per 
the scenario 
a) Area and livelihood types
b) Population and livelihood 

types

Livelihood and Forest 
Carbon Model

O4 + O6 O7 Impact on Livelihood

 

About Sikkim Forests

Area Details Sikkim
Geographical Area 7,096 km 2

Recorded Forest Area 5,841km2

Protected Area 2, 179.1 km2
Forest Cover 3, 357 km2

% Forest Cover 47.31% of the geographical area Source: SFR 2009  

Models

• Forest Carbon Index
• Carbon Budget Model- Canadian 

Forest Sector
• Russia Carbon Accounts
• CC TAME
• GLOBIOM

 

Forest Carbon Index (FCI) 
RFF-IIASA

Goal
It analyzes the potential of every piece of land on Earth to 
combat climate change by storing carbon in forests, whether 
existing or newly planted. 

Objectives
– Illuminate geography of potential forest carbon

– estimate forest carbon costs, quantities, and revenues 

• The FCI is a powerful tool for policymakers and market players
Approach

The Forest Carbon Index is a geospatial analysis that estimates 
each nation’s potential to attract forest carbon investment 
based on profit potential and country-specific risk factors. 

Outcome
• Two spatial scales

– the country scale : big picture for investment strategy

– the local scale: investment opportunities 

 

Data Sets Required
• Forest activities: Incorporates both REDD and A/R

• Policy relevance:  Models the most likely policy and market 
conditions

• Scale: Provides insight at the global, national, and local levels 
for all countries with forest carbon potential

• Risk factors: explicitly accounts for risk factors such as 
country governance, ease of doing business, and readiness

• Geography: Uses a hybrid of stock and flow approach to 
predict the geography of  supply

• The results are presented in maps to illustrate the potential 
geography of forest carbon and in tables to show the 
estimated costs, quantities, and revenues from forest carbon. 

 

FCI Framework

• The FCI captures each of these factors in one composite 
score that reflects the full set of conditions that influence 
the forest carbon generation.

• FCI = Profit Potential × Risk Factor

• Profit Potential = Profit Margin × Quantity of Credit

• Risk = (Governance × 0.4) + (Ease of Doing Business × 0.4) + 
(Readiness × 0.2)
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Policy Scenario

• Policy Constraints
– Price constraints
– Non-permanence risk buffer
– Additionality threshold
– Quantity Limits

 

Carbon Budget Model-
Canadian Forest Sector 

• An operational-scale model of stand 
and landscape-level forest C 
dynamics.

• Allows forest managers to assess 
carbon implications of forest 
management: increase sinks, reduce 
sources

• Builds on 20 years of CFS Science

 

CBM-CFS3 Approach
• Stratification of forest into classes  

– Species, site productivity, management type and other criteria 
used to divide forest estate into strata

• Relies heavily on existing forest inventory information 
– Input data from forest inventories (or remote sensing)
– Empirical representation of growth dynamics at the stand level.

• Dead Organic Matter (DOM) Dynamics linked to Biomass
– Process modelling of litterfall, mortality, disturbance 

• impacts and decomposition to estimate DOM pools
• Simulates natural disturbances, forest management and 

land-use change
– Input data from forest monitoring including remote sensing

 

Data Requirements
• Forest inventory – area by growth type and 

age
• Volume over age curves for all growth types
• Transition rules for growth curves
• Schedule of harvests and other management 

activity
• Natural disturbance data (type, area, year)
• Land-use change (Afforestation, 

Deforestation)
• Volume to biomass conversion equations
• Ecological parameters

 

CC TAME Model Follow 
up on INSEA Project 

• Climate Change- Terrestrial Adaptation and Mitigation in 
Europe

• Project Duration: 2008-2011, by IIASA

• Policy-model-data fusion concept

• Assesses the impacts of agricultural, climate, energy, 
forestry and other associated land-use policies considering 
the resulting feed-backs on the climate system in the EU 

• Policy models are 
– data and technology rich 
– information from plot level simulation “experiments” (robustness of 

results)
– impacts and efficiency of policies on various levels of aggregation 

both in terms of economic impacts and on the concrete place specific 
management practice

 

Concept

Bottom-up approach on farm/forest management practice 
level to full fledged sector analysis.

Source: Project Summary CCTAME  

Integrated Policy Scenario 
Assessment 

• Assessing a wide range of environmental, agricultural, 
forest, and energy policy scenarios.

• Particular policies to be analysed include those aimed at 

– enhancing or preserving carbon stocks (national 
implementation of incentives provided by the Kyoto 
Protocol, for example)

– enhancing the use of bioenergy (Renewable 
Electricity Directive, Liquid Biofuels Directive, in the 
future a Renewable Heating and Cooling Directive)

– as well as policies aimed at reducing non-CO2 GHG 
emissions (CH4, N20) from agriculture

 

GLOBIOM
• Global Biomass Optimization Model
• Recursive dynamic partial equilibrium model 
• Integrates the agricultural, bio energy and forestry sectors 
• Policy advice on global issues concerning land use 

competition between the major land-based production 
sectors
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Russia Carbon Accounts

• Full Carbon Account
– Pools and Flux have been 

considered

• Baseline: 1990
• Projection for 2010

 

Carbon Pools and Fluxes 

 

Integrated information system 
used in Russia FCA 

 

Demonstration of CBM-CFS3

 

CBM-CFS3
Dataset as user input
• Age Class

• Disturbance type: ID, type

• Classifiers & values

• Inventory

• Growth & Yield

• Transition Rules

• Disturbance Events

Age class ID Size of age class

Disturbance type ID Disturbance type name

Species Types Site Quality Ownership Density or 
Silviculture Class Working Status Curve Set Used 

in Each

Classifier value ID(s) UsingID entry Age class ID or age Area Disturbance ID

Classifier value ID(s) Species type Merchantable volume(s)

Source 
classifier 
value ID(s)

Using ID 
entry

Wood starting 
age class ID

Wood ending 
age class ID

Disturbance 
ID

Target classifier 
value ID(s)

Regeneration 
delay

Reset 
age

Percent
age

Classifier value 
ID(s) Using ID entry Wood starting age 

class ID
Wood ending age 
class ID

Measurement 
type Amount Disturbance 

type ID Year

 

Forest Modeling Scenario 
Land Size: 30-ha
Previous land use: Agriculture for past 50 years with 10 

ha plots managed under different agricultural 
practice. 

Present land use: Abandoned 
Objectives: 
1. To explore the consequences of afforestation with a 

fast-growing species (red pine (Pinus resinosa Ait.))
2. To assess the impact of the initial state of soil organic 

carbon (which is dependent on the preforest land-
cover types and agricultural practices) on future DOM 
carbon following afforestation. 

3. To review carbon stocks as the stand grows, but also 
wants to explore the impact of clear-cut harvesting 
with slash burning on the carbon stocks of the 
afforested stands
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Afforestation Project Details

• Location: Mixedwood Plains, Ontario
• Non forest soil types: Luvisolic,  

Brunisolic, Average 
• Stands : 3 on 10 ha plots
• For Red Pine: Growth curve is 65 years 

with five year growth intervals at this 
location

• Simulation for 150 years
• Year 1: Afforestation
• Year 100: Clear-cut with slash burn 
• Year 150: Wild fire

 

Growth and Yield Information

 

Discussion Points: Sikkim Forests
Q1. Availability of data for modelling parameters/ 

variables
Q2. Variables typical to Sikkim forests that reflect the 

dependence of the forest communities on the forest 
carbon 

Q3. Data/ studies on correlation of carbon stock and 
livelihoods ?

Q4. Resolution/ scale up to which the representation of 
the forest stocks can be validated of polices on the 
forest carbon stock.

 

Discussion Points: Sikkim Forests
Q1. Availability of data for modelling parameters/ 

variables
Q2. Variables typical to Sikkim forests that reflect the 

dependence of the forest communities on the forest 
carbon 

Q3. Data/ studies on correlation of carbon stock and 
livelihoods ?

Q4. Resolution/ scale up to which the representation of 
the forest stocks can be validated of polices on the 
forest carbon stock.

 

Expectations from the State 
Forest Department

• Critical inputs for formalization of the India Forest 
Carbon Model

• Datasets 
– Forest inventory , disturbances 
– Forest dependent communities
– Timber collection and other forest based industries
– Forest land

• Degraded land
• Encroached area
• Land use change: pasture land etc
• Area diverted due to

– Hydro electric projects
– Infrastructure development like roads, schools, hospitals etc
– Mining , Other uses

– Data on population of neighbouring states sharing the forest 
resource .

– Digital maps of
• Forests , Land use, Land class, Soil  

Thank You!
 

 

 

 

 

 


