
Vol.5, No.3, 349-358 (2013)                                                                   Natural Science 
doi:10.4236/ns.2013.53048 

Harnessing REDD+ opportunities for forest  
conservation and carbon stock enhancement in the 
Northeastern States of India 

Indu K. Murthy1, Nitasha Sharma1,2, Ravindranath Nijavalli H1 
 

1Centre for Sustainable Technologies, Indian Institute of Science, Bangalore, India; indukmurthy@gmail.com 
2Indiana University, Bloomington, USA 
 
Received 30 November 2012; Revised 30 December 2012; accepted 14 January 2013 

ABSTRACT 
Forests have significant economic and ecologi-
cal value as a provider of ecosystem services, 
being home to much of the world’s biodiversity 
and supporting the livelihoods of many people. 
Reducing emissions from deforestation and for-
est degradation in developing countries (REDD) 
is a critical component of the overall green-
house gas emission reductions and now the 
significance of REDD+ (which is not only about 
reducing emissions but halting and reversing 
forest loss), in delivering climate change mitiga-
tion benefits along with co-benefits, is increas-
ingly being recognized in global climate nego-
tiations. Northeast India provides a tremendous 
potential for harnessing REDD+ activities with 
about 66% of the total geographical area of the 
region being covered by forests. This paper at-
tempts to explore this potential besides esti-
mating the area available for different options 
under REDD+ as well as the mitigation potential 
using COMAP model, overcoming limitations of 
existing studies or a lack of them. Within this, 
the status of forests and biodiversity along with 
drivers of deforestation in north east India are 
documented and an assessment of the potential 
for taking up reducing deforestation and degra-
dation and enhancement of carbon stocks and 
afforestation is conducted both at the state as 
well as district level. It was found that north-
eastern states have been experiencing net forest 
loss during the last few years along with sig-
nificant scale forest degradation, with Nagaland 
followed by Arunachal Pradesh offering maxi-
mum potential for “reducing deforestation” op-
tion under REDD and the total incremental an-
nual mitigation potential of the four REDD+ ac-
tivities in northeast India being 29.2 MtCO2 for 
2030. 
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Mitigation Potential; Northeast India 

1. INTRODUCTION 

Emissions from the forest sector, are estimated to be in 
the range of 0.5 to 2.7 GtC (Giga tonnes of Carbon) dur-
ing the 1990s, with a mean of about 1.6 GtC. The rapid 
destruction of tropical forests produces ~20% of anthro-
pogenic carbon emissions, which fuels climate change 
and poses one of the greatest perils to global biodiversity 
[1], 2008. According to the IPCC, the mitigation poten-
tial of forest sector is estimated to be in the range of 8.2 
to 13.5% of total mitigation potential, considering all 
sectors. Forests can also contribute to climate change 
mitigation [2] in four ways 1) increase in forest area 
through reforestation; 2) increase in carbon density of 
existing forests at both stand and landscape scales; 3) 
sustainably manage forests for harvesting forest products; 
and 4) reduce emissions from deforestation and degrada-
tion. 

The potential of the last activity has already been rec-
ognized in global climate negotiations by means of 
REDD or Reducing Emissions from Deforestation and 
forest Degradation. The other three activities are also 
now a part of what is called REDD+. The Bali Action 
Plan recognized the importance of REDD and additional 
activities that includes “reducing emissions from defor-
estation and forest degradation in developing countries, 
and the role of conservation, sustainable management of 
forests and enhancement of forest carbon stocks in de-
veloping countries”. REDD is an important component 
of the Copenhagen Accord too and it recognizes the need 
for positive incentives for REDD with significant finan-
cial commitment. 

The 2007 Bali Climate Change Conference initiated 
studies into the provision of financial compensation for 
developing countries for the loss of revenue resulting 
from forest protection. There has been broad consensus  
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that the REDD approach, should be a prominent feature 
of any international climate change agreement that re-
places the Kyoto Protocol in 2012. After almost three 
years of difficult negotiations, parties to the UN Frame-
work Convention on Climate Change (UNFCCC) have 
agreed to slow, halt, and reverse forest loss and the re-
lated emissions in developing countries (REDD+). The 
Cancun Agreement clearly states that REDD+ is not only 
about reducing emissions but halting and reversing forest 
loss. This is important as it emphasizes that REDD+ ac-
tions must result in maintaining existing forests and en-
hancing carbon stocks. Second, the agreement encour-
ages all countries to find effective ways to reduce the 
anthropogenic pressures on forests that result in green-
house gas emissions. Though this agreement represents a 
step towards a fully-fledged REDD+ framework, there 
are important questions left unanswered. These include 
creating a REDD goal, nature of financing, scale of the 
project (national and sub-national), links to NAMAs (Na-
tionally Appropriate Mitigation Actions) and GHG 
(Greenhouse Gas) emission strategies and MRV (Moni-
toring, Reporting and Verification). There is however 
general agreement on the safeguards (rights of local com-
munities), addressing drivers of deforestation and forest 
degradation, methodology for monitoring carbon benefits 
and linking REDD+ with sustainable development and 
poverty reduction. 

With this background, we explore the potential for 
harnessing REDD+ opportunities for reducing deforesta-
tion and degradation, forest conservation and enhance-
ment of carbon stocks in northeast India. 

2. THE NORTHEAST INDIA 

The Northeast India comprises the 8 states-Arunachal 
Pradesh, Assam, Manipur, Meghalaya, Mizoram, Na-
galand, Tripura and Sikkim extending over an area of 
262,000 km2 and accounting for 7.9% of the total geo-
graphical area of the country. The Siliguri Corridor in 
West Bengal, with an average width of 21 km to 40 km, 
connects the northeastern region with mainland India.  

More than 2000 km of the boundary of this region is 
shared with other countries, namely, Nepal, China, Bhu-
tan, Myanmar and Bangladesh. The northeastern region 
can be divided into the Eastern Himalayas, the north-
eastern Hills and the River Valley Plains. Table 1 de-
scribes the land-use pattern of the northeastern states. 

2.1. Status of Forests in the Northeast 
States 

On the basis of legal status, the forests of the north-
eastern region can be classified as Reserve Forest, Pro-
tected Forest and Unclassed Forest. The Reserve Forests 
are constituted under the Indian Forest Act, 1927 and the 
State Forest Act and are accorded complete protection 
under the law. The protected forests are constituted under 
Chapter 4 of the Indian Forest Act and have limited de-
gree of protection. Unclassed forests are those forests 
that are neither included under Reserve nor the Protected 
Forest categories and the tenurial or ownership status of 
this forest category varies across the northeastern states. 

According to the Forest Survey of India [4], about 
66% of the total geographical area of the Northeastern 
region is covered by forests although there are inter-state 
variations. Table 2 shows the state-wise forest area (re-
corded and actual) as per the State of Forest Report 2009. 
The percentage forest area to the total geographic area is 
highest in Mizoram (91.3%) followed by Nagaland and 
Arunachal Pradesh with more than 80% area under for-
ests. Manipur, Meghalaya and Tripura have about 77% of 
the total geographic area under forests. The percentage 
forest area to the total geographic area is lowest in Sik-
kim (47.3%) and Assam (35.3%). 

The total forest cover in the region is 17.04 Mha, 
which is 66.8% of the total geographic area as against a 
national average of 21.02%. Very dense forests constitute 
9.7% while moderately dense and open forests constitute 
29% and 28% of the total forest cover of the region, re-
spectively. In most of the hilly northeastern states, in-
digenous community institutions play an important role 
in forest protection, management and administration and  

 
Table 1. Land-use pattern (‘000 ha) of the Northeast states (2006-2007). 

States 
Land-use categories 

Arunachal Assam Manipur Meghalaya Mizoram Nagaland Tripura Sikkim 

Total geographical area 8374 7844 2233 2243 2108 1658 1049 710 

Net sown area 209 2753 224 213 92 322 280 112 

Total cropped area 275 3553 224 265 92 406 294 123 

Area under forests 5659 1954 1693 942 1594 863 606 319 

Land not available for cultivation 65 2512 27 228 134 75 134 250 

Uncultivated land excluding fallow land* 122 445 8 608 21 177 28 12 

Fallow land other than current fallow 73 60 0 169 82 76 1 30 

Current fallow 37 127 0 68 24 82 1 5 

*Includes permanent pastures and other grazing lands Source: [3]. 
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Table 2. State-wise forest cover (‘000 ha) in the Northeastern states in 2007. 

State Geographical area Very dense forest Moderately dense forest Open forest Total % of geographic area

Arunachal Pradesh 8374.3 2085.8 3155.6 1493.9 6735.3 8.043 

Assam 7843.8 146.1 1155.8 1467.3 2769.2 3.53 

Manipur 2232.7 70.1 547.4 1110.5 1728 7.74 

Meghalaya 2242.9 41 950.1 741 1732.1 7.723 

Mizoram 2108.1 13.4 625.1 1285.5 1924 9.127 

Nagaland 1657.9 127.4 489.7 729.3 1346.4 8.121 

Sikkim 709.6 50 216.1 69.6 335.7 4.731 

Tripura 1048.6 11.1 477 319.2 807.3 7.695 

Total 25508.3 2494.9 7400.7 7146.7 17042.3 6.681 

Source: State of Forest Report 2009, Forest Survey of India. 

 
the livelihoods of these communities are heavily de-
pendent upon these forests. Involvement of indigenous 
people in the decision making process is thus, an impor-
tant pre-requisite for implementing REDD+ activities in 
northeast. Forests of northeast India also face unrelenting 
pressures resulting in degradation and deforestation [5,6]. 

2.2. Biodiversity 

The Northeast India is a part of two global biodiversity 
hotspots namely, Himalaya and Indo-Burma. The region 
contains more than one-third of the country’s total bio-
diversity. The estimate of the species biodiversity of 
Northeast India reported so far includes 7500 species of 
plants including 700 species of orchids, 64 species of 
citrus, 28 species of conifers, 58 species of bamboos, 700 
species of ferns, 500 species of mosses, etc. about 3624 
species of insects, 50 mollusks, 236 species of fish, 541 
types of birds, 160 species of mammals, 64 species of 
amphibians, and 137 species of reptiles [7]. The ecosys-
tem diversity of the region ranges from tropical ecosys-
tems to alpine ecosystems in the Himalayan ranges and 
also includes wetlands, flood plains, riverines and aquatic 
ecosystems. Deforestation, shifting cultivation, forest land 
encroachment, grazing, human wildlife conflict, forest fires, 
illegal extraction of forest products, increasing commer-
cial plantations, uncoordinated infrastructure develop-
ment, mining and construction of mega dams are consid-
ered as some of the threats to biodiversity in this region. 

3. REDD+ IN THE CONTEXT OF 
NORTHEASTERN INDIA 

The northeastern region is very rich in forest resources. 
The region is rich in biodiversity and has been identified 
as one of the 18 biodiversity hot spots of the world. Ag-
riculture is the main occupation of the people in the 
northeastern states and shifting cultivation or slash and 
burn agriculture is the most prevalent form of agricul-
tural practice. About 350,000 people practice shifting 
cultivation on about 0.4 Mha of unsurveyed land [8].  

Shifting cultivation is a wide term covering a number of 
very different forms of land use, its essential feature be-
ing that the land is cleared and agricultural crops are 
grown for a limited period, ranging from one to over ten 
years, after which cultivation is abandoned and a new 
site is chosen for such activities. Anthropogenic pressure 
on land for shifting cultivation is thus adversely affecting 
eco-restoration and ecological process of forests. This 
leads to degradation of land causing soil erosion and fi-
nally converting forests into wastelands. This is one of 
the primary reasons for forest loss in the northeastern 
states [4]. 

Under the current context, there is clarity only with 
respect to the definition of “Deforestation” and uncer-
tainty continues to exist with reference to the other four 
components namely, forest degradation, forest conserva-
tion, sustainable management and enhancement of forest 
carbon stocks. In the following sections, an assessment 
of the potential for taking up reducing deforestation and 
degradation and enhancement of carbon stocks and af-
forestation in the northeastern states is conducted both at 
the state as well as district level. 

3.1. Reducing Deforestation 

Deforestation is defined as long-term or permanent 
conversion of land from forest to non-forest. In the Mar-
rakesh Accord, deforestation is defined as “the direct 
human-induced conversion of forested land to non-for- 
ested land”. The Food and Agriculture Organization de-
fines deforestation as “the conversion of forest to another 
land use or the long-term reduction of the tree canopy 
cover below the minimum 10% threshold” [9]. 

3.1.1. Estimates of Forest Loss or Deforestation 
in Northeastern India 

There is a general understanding in India that there is 
no deforestation and the total forest area is indeed in-
creasing, based on area estimates made by the Forest 
Survey of India. This is because the gross area trends 

Copyright © 2013 SciRes.                                    Openly accessible at http://www.scirp.org/journal/ns/ 



I. K. Murthy et al. / Natural Science 5 (2013) 349-358 352 

mask any loss or conversion of forests. For estimating 
loss in forest area or deforestation, the data required in-
clude: 
• Area of forest remaining forest; 
• Area afforested and gaining 10% tree crown during 

the period under consideration and; 
• Area of actual forest converted to non-forest purposes 

during the same period. 
Such data are not available and here we make an at-

tempt to estimate deforestation or forest loss at the state 
as well as district level using data published by the For-
est Survey of India in the periodic State of Forest Re-
ports. 

3.1.1.1. Deforestation Estimates at the State Level 
Deforestation is estimated by considering the changes 

in gross area at the state level, with states indicating 
positive and negative change in forest area being aggre-
gated separately (Table 3) for the northeastern region. 
The following area changes can be observed during the 
two successive periods based on changes in area at the 
state level: 

Area changes during 2005-2007 at the state level (Ta-
ble 3) indicate the following: 
• Sum of all states with the net gain in forest area or 

with positive change in forest area is 108.4 (‘000) ha. 
o Meghalaya, Manipur and Mizoram show an in-

crease in forest area; 
o There is no change in area under forests in the state 

of Sikkim. 

• States with net loss or negative change in forest area 
when aggregated indicate a loss in forest area of 48.8 
(‘000) ha (Table 3). 
o Four of the eight states show a loss in forest area 

over the period 2005-2007. 
o Maximum loss of forest is in Nagaland followed by 

Arunachal Pradesh and Tripura and finally Assam. 
Thus the net forest loss or deforestation is estimated to 

be 24,400 ha annually during 2005 to 2007, even though 
the gross area estimates for the region shows a net gain 
of 54,200 ha per annum for the same period. Thus it can 
be concluded that northeastern states are experiencing 
net forest loss during the last few years. 

3.1.1.2. Deforestation Estimates at the District Level 
Estimates of forest loss or deforestation at the district 

level are done using the district level data available from 
the Forest Survey of India (FSI) report for the period 
2005-2007. All districts showing a negative change in 
area between the successive forest resource assessments 
are summed together and similarly those with positive 
change in area have also been computed (Table 4). The 
estimates indicate the following. 

As can be seen from Table 4, the area under forests 
has declined in 32 and increased in 30 of the 76 districts 
in the northeastern states. In the remaining 14 districts, 
there is no net change in forest area over the period 
2005-2007. In Table 5, district wise change in forest area 
in the 8 northeastern states is presented. As can be seen 
from Table 5, the net negative change or loss in area is  

 
Table 3. Area under forests and deforestation status (km2) for the northeastern states of India. 

States Area 2005 (revised) Area 2007 Change in area (2005-2007) 

Nagaland 1367 1346 −20 

Arunachal Pradesh 6747 6735 −12 

Tripura 817 8071 −10 

Assam 2776 2769 −7 

Sikkim 336 336 0 

Meghalaya 1721 1732 12 

Manipur 1695 1728 33 

Mizoram 1860 1924 64 

Gain = +108.4 
Aggregate change in area gain and loss 

Loss = −48.8 

 
Table 4. Forest area loss (in ha) estimated at the district level for the northeastern states. 

 2005-2007 

Total number of districts in the northeastern states 76 

Number of districts where forest declined 32* 

Total forest area converted to non-forest, where the canopy cover declined (<10% canopy cover) −71,800 

Number of districts where forest increased 30** 

Total forest area increased (>10% canopy cover) 131,600 

*Not based on the revised estimates, since district data is not available; **There was no change in forest area in the remaining 14 districts. 
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Table 5. Districts with change in area (ha) under forests in the northeast for the period 2005-2007. 

Districts with positive change Districts with negative change
States Total no. of districts 

Number Area Number Area 
Districts with no change Net change

Arunachal Pradesh 13 2 600 9 12,500 2 −11,900

Assam 23 7 3200 10 9800 6 −6600 

Manipur 9 6 33,000 1 200 2 32,800 

Meghalaya 7 5 19,800 2 8200 - 11,600 

Mizoram 8 7 64,400 1 400 - 64,000 

Nagaland 8 3 10,600 5 30,700 - −20,100

Sikkim 4 - - - - 4 0 

Tripura 4 - - 4 10,000 - −10,000

 
highest in the districts of Nagaland, followed by Arun-
achal Pradesh and Tripura. It is interesting to note that all 
the 4 districts of Sikkim show no change in area over the 
period 2005-2007 while all the 4 districts of Tripura 
show forest loss (negative change in area). 

Thus, it can be concluded that among the northeastern 
states, Nagaland (20,100 ha) followed by Arunachal 
Pradesh (11,900 ha) offer maximum potential for “re-
ducing deforestation” option under REDD and further 
within Nagaland, maximum potential for this option is in 
the district of Tuensang, (loss of 12,200 ha and in Arun-
achal Pradesh, it is Tirap district (5,100 ha). This analysis 
would help focus efforts on arresting deforestation in 
states experiencing maximum deforestation, which in 
total across the 8 northeastern states is 71,800 ha. 

3.1.2. Drivers of Deforestation 
The predominant causes for dwindling forest wealth 

have been identified as over-exploitation, overgrazing, 
illegal encroachments, unsustainable practices, forest fires, 
and an indiscriminate siting of development projects in 
the forest areas [10]. Area affected by forest fire ranges 
from 33% in West Bengal to 99% in Manipur. However, 
population pressure is always the underlying cause of 
overexploitation of the natural resources including forest 
stock. Possibly, poverty, corruption, weak institutions, 
and wasteful consumption patterns also combine with the 
population pressure facilitating depletion and degrada-
tion of forest stock having enormous environmental deg-
radation ramifications. In India about 10 million hectares 
of tribal land stretched across 16 states is under shifting 
cultivation. Based on satellite image, Forest Survey of 
India estimates 1.73 million hectares of land as being 
affected by shifting cultivation. Decrease in forest area 
due to shifting cultivation is estimated to account for 
23% of the total deforestation in India [11]. 

In the northeastern states, forests experience an exten-
sive process of forest fragmentation, degradation, and 
outright deforestation and forest conversion. The man-
agement of the forest has suffered in the recent past due 
to pressure on land, decreasing cycle of shifting cultiva- 

tion, illegal exploitation of forest for timber and lack of 
scientific management strategy. Shifting cultivation is an 
important factor responsible for much of forests being 
degraded and deforested in the northeastern states, par-
ticularly Manipur, Mizoram, Meghalaya and Nagaland. 
Intensified shifting cultivation, practiced on the hill 
slopes is impacting forests leading to forest loss or deg-
radation of forests. Increasing number of shifting culti-
vators has resulted in declined productivity of forest soils, 
reduced shifting cultivation cycle from 25 - 30 to 2 - 3 
years, and thus not leaving enough time for the land fer-
tility to be restored. 

3.2. Reducing Forest Degradation 

Forest degradation is a complex process and its drivers 
may be completely different than those for deforestation. 
IPCC defined degradation as “direct human-induced ac-
tivity that leads to a long-term reduction in forest carbon 
stocks” [12]. Forest degradation as defined and adopted 
at COP 9 in 2003, is “direct human induced long-term 
loss (persisting for X years or more) of at least Y% of 
forest carbon stocks (and forest values) since time (T) 
and not qualifying as deforestation” [12]. Forest degra-
dation could be considered as reduction of the carbon 
stock in a natural forest due to the impact of all human 
induced activities. Inclusion of forest degradation in 
REDD+ was important [13] to avoid leakage of consid-
erable amounts of forest based emissions (e.g. crown 
cover of 70% could be degraded to 15% and still be clas-
sified as forest). 

Estimates of Degradation in Northeastern India 
In the absence of data on changes in forest carbon 

stocks, it may be possible to use forest tree canopy den-
sity as an indicator of forest status particularly, from the 
perspective of forest biomass stocks and degradation 
[14,15], since data is available for forests with four tree 
canopy density classes. Any patch of forest losing its tree 
canopy from higher crown class to lower crown class, 
could be potentially considered to be subjected to forest 
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degradation. 
In India, the Forest Survey of India based on monitor-

ing done every two years presents area under forests ac-
cording to four tree canopy cover densities [4] namely: 
 Very dense forest (VDF): All lands having tree cover 

with canopy density more than 70%; 
 Moderately dense forests (MDF): All lands having a 

tree cover with canopy density between 40% - 70%; 
 Open forests (OF): All lands having a tree cover with 

canopy density between 10% and 40%; 
 Scrub: All forest lands with poor tree growth mainly 

small or stunted trees having canopy density less than 
10%. 

In this section, an attempt has been made to estimate 
the extent of forest degradation occurring in the north-
eastern states of India based on the area subjected to de-
cline in crown canopy density between two time periods 
(2005-2007). An analysis of the forest cover change ma-
trix of the FSI [4] for the northeastern states (Table 6) 
indicates that there is an overall increase in forest area 
over the assessment period 2005 to 2007, considering all 
the 8 northeastern states. But, there is a net increase in 
forest area only in 3 of the 8 states of the northeast, 
namely Manipur, Meghalaya and Mizoram. In the other 
states, there is a net decrease in forest area and ranges 
from 20.1 (‘000) ha in Nagaland to 6.6 (‘000) ha in As-
sam. 

When we further analyze the change in area under the 
different forest density classes, there is a net increase in 
very dense and open forest cover across the 8 states and a 
net decrease in the moderately dense forests. This pattern 
varies across the states and a net increase in very dense 
forests is recorded only in Manipur and Meghalaya 
(overall 8.8 (‘000) ha) while in all other states, there is a 
net overall decrease of about 1.2 (‘000) ha. In the mod-
erately dense category, there is a net loss in forest area in 
all the states and it is highest in Nagaland and least in 
Meghalaya. Correspondingly, there is maximum increase 
in area under the open forests in all the states except  

Arunachal Pradesh, Nagaland and Tripura, with an over-
all net increase of 112 (‘000) ha across the 8 states. 

It can be concluded that based on the 2005-2007 data 
published by FSI, significant scale forest degradation is 
occurring in the northeastern states with 599 sq km of 
moderately dense forests declining to lower canopy den-
sity classes. This area could be considered as potential 
for “reducing degradation” option under REDD. 

3.3. Forest Conservation 

Forest conservation encompasses those measures con-
cerned with the protection and preservation of forest 
lands and resources. Forests designated for wildlife or 
habitat protection, usually found within national parks 
and other protected areas are deemed as “Conservation 
Areas”. The term forest conservation under the UNFCCC 
discussions and negotiations is however not clearly de-
fined. It can be understood however that forest conserva-
tion is a means to reduce emissions from forests and re-
fers to a system in which forest carbon stocks are con-
served or maintained (not enhanced). It could involve 
maintenance of area under existing forests to maintain 
the forest area with high carbon stocks. Forest conserva-
tion, in addition to maintaining carbon, provides other 
environmental services, such as preserving biodiversity. 
The best example of forest conservation activity is for-
mation of Protected Areas (PA), where the main goal is 
to conserve and maintain the forest area with its biodi-
versity intact, by reducing all disturbances or extraction 
of forest products. 

In India, about 15.87 Mha is under PA. The area under 
PA management is increasing in India and the same is the 
case in the northeastern states. Currently, 680,000 ha is 
under National Parks (NP) and 1,058,000 ha is under 
Wild Life Sanctuaries (WLS) in the northeastern states 
(Table 7). Additionally it is proposed to demarcate 
373,000 ha as NPs and 492,000 ha as WLS in the north-
eastern states. 

 
Table 6. Change in forest area (‘000 ha) under different density classes for the assessment period 2005 to 2007 in northeast India. 

VDF MDF O Total Change 
States 

2005 2007 2005 2007 2005 2007 2005 2007 VDF MDF O Total

Arunachal Pradesh 2086 2086 3163 3156 1498 1494 6747 6735 −0.1 −7.6 −4.2 −11.9

Assam 146 146 1165 1156 1464 1467 2776 2769 −0.3 −9.5 3.2 −6.6 

Manipur 69 70 552 547 1074 1111 1695 1728 1.2 −4.8 36.4 32.8 

Meghalaya 33 41 953 950 734 741 1721 1732 7.6 −2.6 6.6 11.6 

Mizoram 13 13 638 625 1208 1286 1860 1924 0.0 −13.3 77.3 64.0 

Nagaland 128 127 507 490 731 729 1367 1346 −0.6 −17.5 −2.0 −20.1

Tripura 11 11 482 477 324 319 817 807 −0.2 −4.6 −5.2 −10.0

TOTAL 2487 2495 7461 7401 7035 7147 16,983 17,042 7.6 −59.9 112.1 59.8 

Note: In Sikkim, there is no change in forest area between 2005-2007 and therefore not included in the table; Source: FSI. 
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Table 7. Existing and proposed area (‘000 ha) under Protected Areas in the northeastern states. 

Existing Proposed 
State 

No. of NPs Area (‘000 ha) No. of WLS Area (‘000 ha) No. of NPs Area (‘000 ha) No. of WLS Area (‘000 ha)

Arunachal Pradesh 2 229 11 761 6 232 7 99 

Assam 5 197 15 88 2 53 10 163 

Manipur 1 4 3 39 2 24 10 102 

Meghalaya 2 27 3 3 2 41 4 66 

Mizoram 2 25 4 77 1 24 3 19 

Nagaland 1 20 3 2 0 0 6 43.5 

Sikkim 1 178 5 27 - - - - 

Tripura 0 0 4 60 - - - - 

Total 14 680 48 1058 13 373 40 492 

 
Since in the PAs, extraction is regulated or banned and 

forest vegetation and biodiversity and in turn forest car-
bon stock is potentially conserved, the area could be 
considered for forest conservation activities under the 
REDD. In the case of north east India, there are a number 
of forest dwelling tribal communities, such as in the state 
Arunachal Pradesh, which have played a significant role 
in conserving the virgin forests over these years owing to 
their strict traditional customary laws and clan regula-
tions. Village level workshops held in the past have 
stressed upon the fact that the role of the traditional peo-
ple for conserving their native forest, must be recognized 
under a REDD+ mechanism through paid incentives and 
“community virgin forests” (CVFs) need to be estab-
lished as “community reserve forests” (CRFs). 

3.4. Enhancement of Carbon Stocks 

Carbon stock enhancement involves restoring carbon 
stocks in degraded forests, or creating forests where none 
currently exist and approaches include afforestation, re-
forestation, restoration through natural regeneration, as-
sisted natural regeneration or planting, rehabilitation, or 
forest landscape restoration [16]. Under this component 
of REDD+ mechanism, forest carbon stocks could be 
enhanced due to improved forest management, longer 
rotation, denser stocking, forest restoration and rehabili-
tation of wastelands through afforestation. 

The potential locations for carbon stock enhancement 
are dispersed in the various districts of the northeastern 
states and afforestation and forest restoration programmes 
could be implemented in these districts. Districts with 
large area under wastelands could be considered as po-
tential locations for carbon stock enhancement. Districts 
with wastelands more than 100,000 ha are considered for 
this analysis and the wasteland categories considered 
include land with dense and open scrub, abandoned shift-
ing cultivation areas and under-utilized or degraded cate-
gories. The total area for this option is thus 2,567,507 ha. 

4. MITIGATION POTENTIAL ESTIMATES 

Several models are available for estimating the mitiga-
tion potential. Some of the widely adopted models in-
clude COMAP, GCOMAP, CO2Fix, Roth C and CEN-
TURY [17]. The mitigation potential of different activi-
ties or options proposed is estimated using COMAP, 
taking into consideration the area and phasing of the 
various activities. The GCOMAP model has been used 
by Sathaye et al. [18], Ravindranath et al. [19] and Rav-
indranath et al. [20] for estimating the mitigation poten-
tial at the global and national level. The mitigation po-
tential estimated is determined by the following: 
• Area brought under afforestation/protection/manage- 

ment; 
• Species-mix and density; 
• Carbon pools (aboveground and belowground bio-

mass, soil organic carbon and dead organic matter) 
considered; 

• Rates of change in the carbon pools: Mean Annual 
Increments; 

• Transfer and dynamics of different carbon pools; 
• Harvest and extraction of timber, fuelwood etc; 
• Initial stock of different carbon pools; 
• Phasing of the activity and area planted in different 

years. 

4.1. The Model 

The COMAP or Comprehensive Mitigation Analysis 
Process is a set of models developed by Lawrence 
Berkeley National Laboratory aimed at estimating the 
quantity of carbon sequestration achieved for a given 
year or over a period of years as well as the financial 
implications and cost effectiveness of forestry mitigation 
projects. These models have been extensively used for 
assessing mitigation potential [21-24]. The COMAP uses 
linear growth rates for biomass and soil carbon incre-
ments. Data input for the model includes changes in area 
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under forests and degraded lands under baseline scenario, 
area proposed for afforestation or reforestation under 
mitigation scenario, carbon densities of vegetation and 
soil, rates of carbon sequestration, costs and benefits. 
The model estimates the following under baseline and 
mitigation scenario: 
• Changes in C stock (biomass and soil) annually and 

cumulatively. 
o tC/ha and for the total area. 

• Cost-effectiveness indicators such as. 
o Cost in $/tC sequestered. 
o Cost in $/ha. 

• NPV (net present value) in $/tC sequestered or emis-
sion avoided. 

Carbon pools selected: Four of the five carbon pools 
are assessed using COMAP, including aboveground bio-
mass (AGB), belowground biomass (BGB, through an 
expansion factor), litter, and soil organic carbon (SOC); 
dead wood (DW) is not included. 

Area data: The potential area for the four REDD+ op-
tions was discussed in Section 3. 

Growth rates: An attempt was made to obtain the data 
required for COMAP. Several studies and reports were 
reviewed and biomass and soil carbon data was compiled, 
but availability of data on area, biomass, soil carbon, and 
financial inputs is limited. Given this limitation, the 
growth rates used for estimation of mitigation potential 
of the Greening India Mission is used [25]. 

4.2. Mitigation Potential Estimates 

The mitigation potential for the four options was esti-
mated using COMAP model for the northeastern states. 
The growth rates for aboveground biomass and soil or-
ganic carbon were obtained from literature [25] and 
belowground biomass is computed using the IPCC de-
fault value of 0.26. 

The incremental annual mitigation potential of the four 
REDD+ activities or options was estimated to be 29 
MtCO2 for 2030, with a cumulative mitigation potential 
of 487 MtCO2 for the period 2010 to 2030 and 1012  

MtCO2 for the period 2010 to 2050 (Table 8). These es-
timates exclude any emissions resulting from harvest and 
disturbance. 

5. CONCLUSIONS 

Over the last couple of decades, India has been im-
plementing various policies designed to reduce defores-
tation and degradation, with mixed success. There have 
also been advances in community forest management 
and protected area management, the elimination of per-
verse incentives to clear forests. India has been imple-
menting one of the world’s largest afforestation pro-
grammes to meet its biomass requirement (fuelwood, 
timber and non-timber products) and for forest conserva-
tion purposes. India has also set a goal of covering about 
one-third of the geographic area under forests, compared 
to less than 20% area currently under forests. This goal is 
still higher in the case of hilly states wherein as per the 
National Forest Policy 1988, 2/3 of the geographic area 
is to be under forest/tree cover. Further, the Government 
of India has formulated a large Greening India Mission 
aimed at mitigation and adaptation, with the goal of en-
hancing ecosystem services such as carbon sequestration 
and storage, biodiversity conservation and provision of 
biomass and NTFPs. The Mission aims at responding to 
climate change by combination of adaptation and mitiga-
tion measures which would aim at; 
• Enhancing carbon sinks in sustainably managed for-

ests and other ecosystems; 
• Adaptation of vulnerable species/ecosystems to the 

changing climate; and 
• Adaptation of forest dependent communities. 
• Thus many states including the northeastern states are 

proposing mitigation and adaptation projects under 
State Action Plans for addressing climate change im-
pacts on forest ecosystems as well as to mitigate the 
climate change through enhancing the carbon sinks. 
The Mission is further significant in the context of 
northeast India as the percentage of forest dependent 
people is quite large. 

 
Table 8. Incremental and cumulative mitigation potential (MtCO2). 

Incremental cumulative mitigation  
potential (MtCO2) Options Area (Mha) 

Incremental annual mitigation  
potential 2030 (MtCO2) 

2010-2030 2010-2050 

Reducing deforestation 0.06 1.1 17.7 37.6 

Reducing degradation 0.07 0.7 10.5 22.3 

Forest conservation 0.87 7.9 146.2 288.4 

Carbon stock enhancement 2.57 19.5 312.6 664.3 

Total 3.56 29.2 487.0 1012.7 

Notes: Carbon pools considered: Aboveground and belowground biomass, soil and litter pools; Area to be planted: Phased equally over 10 years, starting 2012. 
Growth rates: Reducing deforestation: 1.51 t/ha/yr; Reducing degradation: 3.56 t/ha/yr; Forest conservation: 1.5 t/ha/yr; Enhancement of carbon stocks: 0.84 
t/ha/yr. BGB growth rate: Computed using the IPCC default value of 0.26 of AGB; Litter (micro and macro litter) growth rate: 0.5 t/ha/yr. SOC growth rate: 
0.22 tC/ha/yr. 
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An analysis and estimation by the World Resources 

Institute [26] indicate emissions gap in meeting targets 
while estimates by den Elzen et al. [27] show that by 
reducing emissions from deforestation by 50% below 
1995 levels, the global community could possibly close 
this emissions gap. Further, the Eliasch Review [28] in-
dicates that the global cost of climate change caused by 
deforestation could reach $1 trillion a year by 2100 and 
including REDD, and an additional action on sustainable 
management in a well designed carbon trading system 
could provide the finance and incentives to reduce de-
forestation rates up to 75% in 2030, and the addition of 
afforestation, reforestation and restoration would make 
forest sector carbon neutral. 

This study has estimated the potential area available 
for different options under REDD+ as well the mitigation 
potential, overcoming limitations of existing studies or a 
lack of them. There are however uncertainty in these 
estimates, which stem from use of one growth rate for an 
activity, not considering regional variations in physi-
ography and climate. This is because there is a lack of 
growth rate data available and the uncertainty could be 
reduced by generating reliable, disaggregated estimates 
of the carbon stock gain by mitigation option, consider-
ing varied growth rates. 

REDD+ provides increasing incentives for forest pro-
tection and although designed to limit harmful climate 
change, it could provide collateral benefits such as con-
servation of biodiversity. This is however dependent on 
the extent to which emissions reductions and biodiversity 
conservation can be achieved in the same places. Yet 
without specific provisions for biodiversity, REDD is 
likely to protect forests that are most cost-effective for 
reducing carbon emissions [29]. O. Venter et al. [30] 
have demonstrated that prudent targeting of REDD funds 
can double biodiversity benefits while incurring only a 
small reduction (4% to 8%) in carbon benefits. There are 
however challenges in developing equitable benefit shar-
ing mechanisms at different scales and would require 
adoption of pro-poor approach that is central to devel-
opment of community-based approaches to forest man-
agement [31]. 

Some of the essential pre-requisites for successful im-
plementation of REDD+ mechanism, in addition to clar-
ity on methodological issues that is under development at 
the global level are: 
• Ensure natural forests, particularly old growth forests 

are safeguarded and biodiversity is not threatened; 
• Indigenous forest dwellers and forest dependent local 

communities are an integral part of the entire process 
and have sufficient incentives to ensure projects are 
successful; 

• Effective mechanisms are developed to quantify re-
ductions of emissions and assess the correct monetary 

value of a forest; 
• Sufficient funds, irrespective of whether it comes from 

national or international source are made available; 
• Each stage of a REDD project, from approval to 

completion is transparent, and there is accountability. 
Thus, building of a national REDD-plus system pre-

sents a huge and unprecedented undertaking for forest 
protection, management, restoration and establishment, 
in addition to the technical challenges of establishing 
national architecture to accurately measure, monitor, and 
report national forest carbon stocks, and emissions and 
removals [32]. Developing countries such as India are 
starting from a difficult position as, till date, national 
inventories were never intended for the purpose of forest 
carbon accounting. However, the introduction of REDD 
will open opportunities to reverse deforestation trends 
and capture forest carbon values in regions like the 
northeast India, wherein deforestation and forest degra-
dation along with protection of the rights of indigenous 
people and traditional communities are issues of concern. 
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