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Warming of the climate system is unequivocal, as 
is now evident from observations of increases in 

global average air and ocean temperatures, 
widespread melting of snow and ice, and rising 

global mean sea level.

Direct Observations of Global warming

IPCC AR4 



Source: Krishna Kumar, NATCOM 2009



CO2, CH4 and N2O Concentrations

- far exceed pre-industrial values
- increased markedly since 1750
due to human activities

Relatively little variation before
the industrial era

Human and Natural 
Drivers of Climate Change

IPCC AR4 



Global-average radiative forcing estimates and 
ranges



Source: S. K. Sharma, NATCOM 2009



Greenhouse Gas Emission Inventories
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Initial National greenhouse gas inventories of anthropogenic emissions by sources and removals by 

sinks of all greenhouse gases not controlled by the Montreal Protocol – NATCOM I



http://www.moef.nic.in/



GHG Emissions by Sector 2007   
(million tons of CO2 equivalent)



GHG emissions from Industry
(million tons of CO2 equivalent)



GHG emissions from the Agriculture sector
(million tons of CO2 equivalent)



GHG emissions from the LULUCF sector 
(million tons of CO2 eq.)



GHG emissions from Waste sector
(million tons of CO2 equivalent)



Key Results

• The total net Greenhouse Gas (GHG) emissions from India in 2007 were 1727.71 
million tons of CO2 equivalent (eq) of which

- CO2 emissions were 1221.76 million tons;

- CH4 emissions were 20.56 million tons; and

- N2O emissions were 0.57 million tons

• GHG emissions from Energy, Industry, Agriculture, and Waste sectors constituted 
58%, 22%, 17% and 3% of the net CO2 eq emissions respectively.

• Energy sector emitted 1100.06 million tons of CO2 eq, of which 719.31 million tons 
of CO2 eq were emitted from electricity generation and 142.04 million tons of CO2
eq from the transport sector.

• Industry sector emitted 412.55 million tons of CO2 eq. LULUCF sector was a net 
sink. It sequestered 177.03 million tons of CO2.

• India’s per capita CO2 eq emissions including  LULUCF were 1.5 tons/capita in 
2007.



Tiers of methodology used for
2007 GHG emission profile

Tier I : approach employs activity data 

that are relatively coarse, such as 

nationally or globally available 

estimates of deforestation 

rates, agricultural production 

statistics, and global land cover maps.

Tier 2 use the same methodological 

approach as Tier 1 but applies emission 

factors and activity data which are 

defined by the country.

Tier 3 approach uses higher order 

methods are used including models and 

inventory measurement systems

tailored to address national 

circumstances, repeated over time, and 

driven by disaggregated levels.



Efforts for reduction of uncertainties 
in emission inventories - Examples



Assessment of trace gases, carbon and 
nitrogen emissions from field

burning of agricultural residues in India

Sahai et. al., Nutrient Cycling in Ago-
ecosystem, (In press - 2010)



Agricultural Residue Burning in the Farms of G B Pant University of Agriculture & Technology 
(Pantnagar)

CO Emission from Field Burning of Combine Harvested Wheat Straw 

on 10th & 11th May, 2003
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NO Emission from Field Burning of Combine Harvested Wheat Straw 

on 10th & 11th May, 2003
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Sahai et al. 2010



Sahai et al. 2010



Sahai et al. 2010



Greenhouse gas Emissions from landfills 



Parameter

Year 
Mega-cities

Chennai Delhi Kolkata Mumbai

Area (km2) 174.0 148.4 187.33 437.71

Population (million)

1981 4.28 6.22 4.13 8.23

1991 5.42 8.42 11.02 12.6

2001 6.56 12.87 13.2 16.43

Waste generation (kg /capita/d) 
1994 0.66 0.48 0.32 0.44

1999 0.61 1.1 0.55 0.52

Garbage pressure (tons /km2) 1999 17.529 4.042 16.548 13.708

Waste collection (Gg per day) 1999 3.124 5.327 3.692 6

Mode of disposal (%) 
Landfilling 100 93 100 91

Composting - 7 - 9

Source: CPCB 1999.

Scenario of municipal solid waste in four mega cities 



Increase in MSW and population growth in Chennai.
(Source: Jha et al. 2008)



Variation in the daily MSW collection in different months
from 1996–2003 in Chennai (Source: Jha et al. 2008)



 The present emission inventory estimates for Indian waste sector has mostly

used IPCC default values, that may not be representative of the Indian

scenario. For realistic values for Indian conditions, detailed study is required

to generate country specific emission factors.

 Assessment of temporal and spatial variation of GHG emissions.

 Reduction of uncertainties in trace gas emission inventories from

the waste sector.

 Potential role of limiting factors (like, organic carbon, nitrogen, hydrogen,

oxygen etc. ) in influencing the GHG emissions from landfills.

Study at Delhi Landfills: Objectives



Area : 29.6 Ha

Disposal rate :  5000cum/day

Start year : 1984

Area : 26.2 Ha

Disposal rate: 400cum/day

Start year : 1996

Area : 16.9 Ha

Disposal rate : 3200cum/day

Start year : 1992

Existing landfills in Delhi

Bhalswa Ghazipur

Okhla

Study area:



Average Physical Composition of Municipal Solid Waste of Delhi, 2004- 2005



Sampling & Analysis of LFGs

LFG sampling at Okhla dumping site

Water  column for isolation  

Aluminum base 

Perspex box

DC fan for homogeneous 
mixture 

Sampling with syringe

Thermometer for monitoring 
box temperature  

CH4 & CO2 gas 
standards
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Methane emission flux comparison from

three landfill sites in winter season in Delhi.

Methane emission flux in summer season

from three respective landfills in Delhi. 
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Temporal and Spatial variability 



Sampling site (Chennai) Kodungaiyur (KDG) 
Annual 

Average 

(ton/y) 

Perugundi (PGD) 
Annual 

Average 

(ton/y) Year of Study Dec. 2003 Sep. 2004 Dec. 2003 Sep. 2004 

Study of 

Methane

CH4 flux range 
(mgm-2h-1) 

2.4 -23.5 1.0 - 10.5 

13.8 

0.90 - 9.94 1.8 - 433 

101.6 
CH4 Emission 

(ton /y) 
17.9± 9.9 9.7 3.6 7.27  2.7 196  145 

Study of 

Carbon 

dioxide

CO2 flux range 
(mgm-2h-1) 

39 -906 106 -242 

627.0         

102 to 544 12.3 to 964.4 

533 
0.506 ±

0.123 
0.560 ± 0.435 

CO2 Emission 
(ton /y) 

924.0 ± 358.0 330.0 ± 67 

Study of 

Nitrous 

Oxide

N2Oflux range 
(mgm-2h-1) 

142 - 384 6 - 460 

0.49 

15 - 155 2.7 -1200 

0.49 
N2OEmission 

(ton /y) 
0.65 ± 0.17 0.32 ± 0.02 70.20 ± 0.05 0.78 ± 0.52 

Source: Jha et al. 2008

GHGs emission from landfills in Chennai :



GHG Emission Inventories and Climate 
Change Modeling



MAGICC/SCENGEN 4.1Based Assessment of Impacts of 
Indian Emissions on Future Climate Scenarios 

MAGICC (Model for the Assessment of Greenhouse gas Induced Climate 
Change) is one-dimensional model of climate which estimates the changes in 
global mean temperature and sea level rise. It uses a series of reduced-form 
models to emulate the behaviour of fully three-dimensional, dynamic GCMs. 

SCENGEN (SCENario GENerator) in turn uses the global-mean temperature 
output from MAGICC to scale up the results from 17 transient GCMs to give 
global and regional output of temperature and precipitation on a 5° by 5°
grid.

Involves development of emission inventories of Greenhouse Gases and 
other trace gas species for MAGICC/SCENGEN 4.1 model runs



Figure 4a.   GLOBAL CARBON DIOXDE  EMISSIONS FROM FOSSIL FUELS

0

5

10

15

20

25

30

35

40

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

YEAR

C
a
rb

o
n

 d
io

x
id

e
 e

m
is

s
io

n
s
 (

P
g

C
)

P50

A1B AIM

A2AIM

B1 AIM

B2 AIM

P50 ECONOMY

A1B ECONOMY

A2 ECONOMY

B1 ECONOMY

B2 ECONOMY

BCS P50

BCS A1B

BCS A2

BCS B1

BCS B2

BAU P50

BAU A1B

BAU A2

BAU B1

BAU B2

Figure 4e. GLOBAL CARBON DIOXIDE CONCENTRATION
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Figure 4k. GLOBAL MEAN TEMPERATURE CHANGE (INCOROPRATING  

AEROSOL EFFECTS WITH RESPECT TO YEAR 1990)
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To conclude:

Robust GHG Emission Inventories are 
need of the hour for understanding the 
Future climate change and its impacts

……………thanks for your kind attention


