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Forests and climate change
1. Deforestation and land use change contribute 

to CO2 emissions
– IPCC; 20% of CO2 emissions

2. Forests provide a large potential to mitigate 
climate change; REDD, A&R, Bioenergy…

‐ IPCC; 15 – 20% of CO2 emissions

3. Forests will be impacted by climate change and 
are highly vulnerable to climate impacts

‐ Need for adaptation to enable forests to cope with climate 
change

4. CC could impact Carbon sinks, REDD potential
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

Forest sector is critical in addressing  climate change

Forest sector is very contentious in global negotiations



Issues for Research
1. GHG Inventory from Forestry or LULUCF sector 

– IPCC methods; data and models

2. Mitigation potential assessments at different levels –
for land based projects 
1. CDM, REDD+,  Forest conservation, A&R, etc

2. Barriers and policy options to promote mitigation actions

3. Impact of climate change on forest ecosystems, 
biodiversity and livelihoods

4. Adaptation and resilience enhancement; practices
5. CDM and REDD+; policy and methodological issues 
6. International negotiations – India’s position on REDD
7. Greening India Mission – Information/Data needs



Figure 1: Forest cover map of India of 2007 (FSI, 2009)



Trends in area under forest over the period 1987 to 
2009 (according to FSI reports)



Greening India Mission (GIM)

The Mission aims at addressing climate change by

1. Enhancing carbon sinks in sustainably
managed forests and other ecosystems

2. Enhancing the resilience and ability of 
vulnerable species/ ecosystems to adapt to 
the changing climate

3. Enabling adaptation of forest‐dependant 
local communities in the face of climatic 
variability.



Scientific Research & Publication 
of climate change and Forests







GHG Inventory from LULUCF 
Sector

Indian Institute of Science

National Remote Sensing Agency

Forest Survey of India





GHG‐INVENTORY GUIDELINES

1. 1996 Revised IPCC Guidelines for GHG 
Inventory of LUCF sector – NATCOM‐ I

2. Good Practice Guidance for LULUCF 
Sector IPCC 2003 ‐ NATCOM‐II

3. IPCC‐ GHG Inventory guidelines, 2006
AFOLU – Agriculture, Forest and Other land 
use Sectors



GHG emissions from LULUCF sector for India (Gg) during 2000

Land 
category

Sub-category Annual CO2

emissions/ 
removals

CH4 N2O Total CO2 eq
Emissions

Forest land Forest land 
remaining forest land

-79,918.80 11,600 2,090 -66,228

Land converted 
to forest land

-137,475.00 -137,475
Cropland Crop land remaining 

crop land
-15,318.44 -15,318

Land converted to 
crop land

-8.87 -9
Grassland Grassland remaining 

Grassland
-3,460.77 -3,460

Settlement Settlement remaining 
Settlement

-73.13 -73
Land converted to 
Settlement

-2.42 -2.42
Total -236,257.43 11,600 2,090 -222,567.43



Limitations of Data on Area, Biomass 
and Carbon Stock

• No periodic forest inventory studies in India
• Land use change matrix for 6 land categories 
not available

• Carbon pools data not available for different 
land categories; stocks and changes

• Wood extraction; commercial timber and 
fuelwood extraction data not available

• No data on forest degradation



Mitigation assessment

‐CDM projects

‐Greening mission

‐CAMPA

‐JFM / CFM / Social Forestry / NEAB

‐REDD plus

‐IPCC assessments



Mitigation Options

• Forest Conservation 
–Halting or reducing Deforestation
–Reducing forest degradation

• Afforestation / Reforestation
• Agro‐forestry
• Bio‐energy plantations



Models for mitigation assessment

• PROCOMAP

• GCOMAP

• CATIE
• TARAM





Assessment of mitigation potential 
under changing climate

• Climate change will impact forest 
ecosystems, dominant species and net 
primary productivity

• Need to assess the impact of climate 
change on mitigation potential and 
forest carbon sink
– Will forests become source from sink

– What happens to REDD+ potential?



Impact of Climate Change 
on forest ecosystems and 

Adaptation Needs









Global Vegetation Model:

1. BIOME4: Equilibrium model

2. IBIS (Integrated Biosphere Simulator):
dynamic global Vegetation Model

3. Working currently on LPJ & CLM models
Climate Model: GCM and RCM data from 
• Hadley HadRM3 data (50x50 km2)
• In future other GCMs will be used



Red indicates that a change in vegetation is projected at that grid in 
the time-period of 2035 & 2085 - under A1B scenario
Green indicates that no change in vegetation is projected by that 
period. 



State
Number of FSI 

grids in the state
% projected to 
change by 2035

% projected to 
change by 2085

Rajasthan 802 61.22 78.18
Jammu & Kashmir 910 57.03 88.35
Chhattisgarh 3292 48.00 75.85
Himachal Pradesh 838 47.49 65.39
Andhra Pradesh 2288 39.20 51.57
Karnataka 1947 38.37 62.20
Tamil Nadu 776 27.45 47.04
Madhya Pradesh 4432 22.59 48.17
Maharashtra 2197 21.21 45.33
Uttaranchal 1203 19.04 31.92
Arunachal Pradesh 2666 12.27 6.90
Orissa 2564 9.71 13.53
Meghalaya 829 7.96 0.00
Assam 1261 5.23 1.11
Jharkhand 1148 0.00 24.30

Percentage of FSI grids projected to undergo change, 
aggregated by the major forested states – A1B Scenario



Forest type 
(by Champion and Seth, 1968)

Number of 
FSI grids in 

type
% projected to 
change by 2035

% projected 
to change by 

2085
Tropical dry evergreen forest 37 70.27 72.97
Subtropical dry evergreen forest 133 54.14 67.67
Himalayan dry temperate forest 106 52.83 76.42
Himalayan moist temperate forest 1144 52.62 88.02
Subalpine and alpine forest 400 49.75 77.50
Tropical thorn forest 1278 41.39 75.12
Tropical semi evergreen forest 1239 30.67 50.36
Littoral and swamp forest 7 28.57 28.57
Tropical dry deciduous forest 9663 25.62 46.73
Tropical moist deciduous forest 11266 22.63 37.88
Subtropical pine forest 1662 20.64 17.39
Subtropical broad leaved hill forest 192 15.10 15.10
Tropical wet evergreen forest 2862 14.61 14.68
Montane wet temperate forest 940 5.64 0.32

Percentage of FSI grids projected to undergo change, 
aggregated by Champion and Seth forest types – A!B



Vulnerability Index and Profile 
Development

Applicable and necessary for 

Greening  India Mission



Vulnerability Assessment ‐ Indicators

1.Climate change impact 
Indicators

2.Bio‐physical Indicators

3.Socio‐economic Indicators



Criteria & Indicators for Mitigation projects
• Disturbance  index:  An  indication  of  the  human 

disturbance  for  a  particular  forest  patch. More  the 
disturbance index, higher the forest vulnerability.

• Fragmentation  status:  An  indication  of  how 
fragmented  the  forest  patch is.  More  the  fragmentation 
status, higher the forest vulnerability.

• Biological richness: Indicates the species diversity of the 
forest patch, a measure of the number of species of flora and 
fauna, per unit area. Higher the biological richness, lower the 
forest vulnerability

• Impact  of  climate  change  on  carbon  sinks  of 
forests: For estimating climate change impacts, IBIS, which is a 
dynamic global vegetation model, was used.



Why Adaptation? When uncertainty in 
Impact Assessment

• Impacts will be irreversible; e.g., 
– loss of biodiversity

• Inertia in response to changing climate
• Long gestation period in developing & 
implementation of adaptation practices

• Waiting for full knowledge – high risk
• Large ecological, economic and social 
implications

Focus on “win – win” adaptation options



REDD & CDM
• REDD+ and CDM are likely to become 
important mechanisms in forestry

• Large opportunities for carbon revenue

• Policy , institutional and financial issues
• Requires rigorous methods for estimating 
area changes, carbon stock changes 

• Requires rigorous monitoring, reporting and 
verification 

• Requires equitable sharing of carbon revenue 
with local communities



Major methodological issues 
under REDD / CDM

1. Estimation of deforestation / degradation rates; past, 
current and projections; spatial and temporal 
estimates – high accuracy

2. Carbon stock change assessment – REDD
3. Data on biomass & SOC growth rates for different 

species & forest and plantation types
4. Estimation of emissions from deforestation and 

degradation
5. Baselines/Issue of setting Reference Emissions Levels 
6. Drivers of deforestation and degradation
7. Carbon leakage estimation
8. REDD Monitoring and Verification (MRV)



Research 
• Initiate long term monitoring studies 
vegetation response to CC

• Enhancing modeling capacity

• Generate database for forestry CC related 
analysis and projects

• Conduct regional level; impact and 
mitigation studies

• Developing pilot adaptation project

Addressing Data / Modeling GAPS is most 
critical for research in the forest sector


