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26 October 2022 (WMO) - In yet another ominous climate 
change warning, atmospheric levels of the three main 
greenhouse gases - carbon dioxide, methane and nitrous oxide 
all reached new record highs in 2021, 









UNFCCC RESOURCE GUIDE

MODULE 3: NATIONAL GREENHOUSE GAS INVENTORIES
FOR PREPARING THE NATIONAL COMMUNICATIONS OF NON-ANNEX I PARTIES

gas-by-gas basis and in units
of mass, estimates of anthropogenic emissions of carbon
dioxide (CO2), methane (CH4) and nitrous oxide (N2O)













IPCC OUTLINES A TIERED APPROACH FOR ESTIMATING 
GHG EMISSIONS

MULTIPLYING 

ACTIVITY DATA (AD) 

BY AN 

INTERNATIONAL 

DEFAULT FACTOR 

REPRESENTING

EMISSIONS PER UNIT 

OF ACTIVITY

TIER 1
APPROACHES 

GENERALLY INVOLVE 

THE APPLICATION OF 

A COUNTRY-SPECIFIC 

EMISSION FACTOR TO 

NATIONAL- OR 

REGIONAL-LEVEL AD;

TIER 2 

MORE DETAILED -

FURTHER 

STRATIFICATION OF THE 

AD, AND EMISSION 

ESTIMATES, DIRECT 

MEASUREMENT, OR 

OTHER EQUIVALENT 

REGION-SPECIFIC 

APPROACHES.

TIER 3 



How to ground truth the modelled 
information

Tier one - Multiplying activity data by an international default factor representing emissions per 
unit of activity. 

Use a Tier 3 level tool to ground truth will be obviously very different 

With Tier 1 – we are trying to generate a base map when there is none with intention to 
progress towards higher Tiers

Even then we need to develop the capability to ground truth for carbon offsetting/carbon 
trading, helping in the transition to higher tiers, this is also an opportunity to improve the model.
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Why Measure CO2, N2O and CH4



NEED OF THE HOUR: 
TANDEM GHG MRV WITH IMPLEMENTATION 

OF CLIMATE-SMART MITIGATION PROJECTS 

IN AGRICULTURE



MONITORING CLIMATE 

MITIGATION/ADAPTATION 

TARGETS THROUGH THE LIFE 

OF A PROJECT



BIG PICTURE SCIENCE:

USUALLY DURING EXECUTION OF VARIOUS CLIMATE 

ADAPTATION/MITIGATION PROJECTS OPPORTUNITY 

FOR CONTINUOUS LEARNING AND R&D 
DEVELOPMENT IS MISSED.

LEARNING FROM THE FEEDBACK LOOP



MEASURI

NG GHG 

IN A 4D 

SPACE



• SCIAMACHY

SENTINEL 5

• GOSAT

• GeoCARB

• METHANESAT

• IASAI

• GHGsat

REMOTE/AERIAL 

SENSED 

PLATFORMS

MERLINEDF



CH4 from 

GHGSTAT

mol/m2

The measurement of methane 
from space is a highly demanding 
task because the sources are 
usually small, compounded by the 
large vertical column from space 
to earth (>500 km),



MONITORING 

SMARTER 

AND NOT 

HARDER



A hyperspectral image multispectral remote sensing images to inform about sampling



Current Satellite Image classification takes long time
• Typical satellite 

image in “false 
colour” where red 
areas are forest and 
vegetation

• In Indonesia, 
assessors manually 
classify these images 
visually to areas of 
similar land cover

• It is difficult, slow 
work; hard to be 
consistent over time 
and between 
operators



SEPAL: Automatic class’n is faster (minutes)

• SEPAL system can 
automatically classify 
the image into 
segments of similar 
types

• Much faster 
• Most importantly –

much more 
consistent; across the 
whole country (no 
operator bias)

• Consistent through 
time over years



SOIL QUALITY INDEX

SOIL PARAMETER2

SOIL PARAMETER4

SOIL PARAMETER1

SOIL PARAMETER3



Woodwell Climate Research Centre Jonathan Sandemann



LANDSCAPE LEVEL GHG MRV





Picarro G2508 Analyzer – Portable instrument which 
simultaneously measure nitrous oxide (N2O), methane 

(CH4), carbon dioxide (CO2), ammonia (NH3), and water 
(H2O) –

N2O: < 5 ppb precision in 5 min

H2O: < 100 ppm precision in 5 min

Measurement precision

CH4: < 5 ppb precision in 5 min



Soil CO2 flux /concentration mapping



Evaluating spatial variation in soil CO2 flux across the Gorgon CO2 plume area on barrow island, 
western Australia
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Background surface soil 
CO2 flux survey was carried 

in footprint of modelled 
potential plume of CO2 

migration following 
injection



Surface CH4 survey (Winter) Latent

Soil sampled from each 
location 





• Remote sensing does not 

measure quantity needed.

• Crucial role in development, 

calibration and validation.

• Applications from point to 

landscape to address research 

question

• Use of spectral indices of 

vegetation for productivity and ET.

• LiDAR for structure and biomass.

• Microwave for soil moisture, etc.

INTEGRATION WITH REMOTE SENSING

Ma et al. (2014, 2015)



• Development, calibration and 

validation.

• DNDC + ORYZA

• Driven by gridded meteorology

• Strategically placing Model-data 

fusion to construct a consistent 

parameter set for model 

uncertainties.

INTEGRATION WITH MODELLING







A main impetus for 

constituting the consortium is 

to bring the fragmented 

emissions research from 

institutional/country level to a 

regionally consistent, 

scientifically interrogated 

“package of practices” 

implemented at a regional 

scale



AEGIS aims to fill 

knowledge gaps for 

accurately quantifying GHG 

emissions when 

implementing some of the 

most promising mitigation 

options. 
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Bringing together key Strategic 

Research, Policy and End User 

Partners to define the barriers to 

progress in each area, integrate 

these policy/end user/science 

challenges into a coherent 
cross-discipline framework
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