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WMO efforts in coordinating greenhouse gas 
observations and research cover 50-year period

• The first WMO meeting of experts on Greenhouse Gas & 
Related Tracer Measurement Techniques was held at the
Scripps Institution of Oceanography, in the United States, 
in 1975 (and since then a recurrent event every two years)

• Since 1989 greenhouse observations and research are 
coordinated by the Global Atmosphere Watch Programme

CO2 mole fraction measured at NOAA 
Mauna Loa observatory increased by about 90 
ppm between 1975 and 2023 (27% increase)



Greenhouse Gases in Global Atmosphere Watch Programme

• GAW Scope: Understand long-terms changes of GHG 
levels in the global atmosphere 

• Support implementation of the Global Climate 
Observing System (GCOS)

• WMO GHG Bulletin provides key information to the 
Conferences of Parties to the UNFCCC via SBSTA

Global Greenhouse Gas averages
provide important insight on the human 

impacts on climate

20th GHG Bulletin launch on 
the 28 October 2024 



1

2

3

4

5

6

CO2 CH4 N2O
2023 global mean 

abundance 
420.0±0.1 ppm 1934±2 ppb 336.9±0.1 ppb

2023 abundance 

relative to 1750a
151% 265% 125%

2022–23 absolute 

increase
2.3 ppm 11 ppb 1.1 ppb

2022–23 relative 

increase
0.55% 0.57% 0.33%

Mean annual absolute 

increase over the past 

10 years

2.4 ppm yr-1 10.7 ppb yr-1 1.07 ppb yr-1

The Greenhouse gas levels reach new record in 2023

a Assuming a pre-industrial mole fraction of 278.3 ppm for CO2, 729.2 ppb for CH4 and 270.1 ppb for N2O. 



• 420.0±0.1 ppm in 2023

• 2.3 ppm increase from 2022 to 2023

• 51% increase since preindustrial time (1750)

• 11.4% increase within last 20 years

• Twelfth consecutive year with an increase 

greater than 2 ppm

• Large increase within a year (2.8 ppm) driven 

by the biomass burning and reduced carbon 

uptake by the terrestrial biosphere

Carbon 

dioxide (CO2)



How to bridge the gap between global average & 

Timely decision-relevant-scale applications ?

• Global averages Carbon dioxide 
concentrations show constant increase

• Societal impact is detectable on emissions

• Research funded observations have sustainability issues
• Gaps need to be filled on a systematic operational basis
• Timely measurements allow to expand climate services

146 CO2 measuring stations

30000+ Temperature stations



The G3W Flagship in a 

What: The Global Greenhouse Gas Watch - G3W fills critical information 
gaps optimally combining Earth Observations with Earth System Models to 
reduce the uncertainty in assessing the efficacy of Climate Action.

How: Timely Policy-relevant information on GHGs concentrations and 
fluxes allowing to assess both the Natural & Human influence on climate 
change https://wmo.int/activities/global-greenhouse-gas-watch-g3w

Why : an Earth System Approach is a must-have because Earth’s climate 
responds to the laws of Climate Physics and depends Atmospheric GHGs, 
NOT on Claimed Offset of Carbon emissions or to Good-will of Pledges.

“We can not manage what we do not measure” – GHG needs to be handled

COP21                           Paris Agreement 

Animation source: Copernicus Earth Observation Programme / ECMWF CAMS

G3W – Global Greenhouse Gas Watch Examples

https://wmo.int/activities/global-greenhouse-gas-watch-g3w


• The G3W Implementation and Pre-operational Phase, link with Space-based Remote Sensing efforts.

• Thanks to Satellites Coordination mechanism.

G3W is synchronizing with Space Agencies investments

CEOS – Committee on 
Earth Observations Satellites 

CGMS – Coordination Group on
Meteorological Satellites 

Mappers

Spotters

+



• In 2024 the G3W Implementation Plan and a G3W Sustainability Strategy have been endorsed.

• In 2025 & 2026 Implementation efforts (thanks WMO Members + Donors contributions) ramp up.

• This is in good alignment with the fast-track GHGs information systems, such as in Europe, Japan, USA, ...

G3W is synchronizing with National & Regional efforts

US GHGMMIS, 2023 EU COPERNICUS, 2023 JAPAN NIES, 2023

G3W – Initial Operating Centres

https://www.whitehouse.gov/wp-content/uploads/2023/11/NationalGHGMMISStrategy-2023.pdf
https://atmosphere.copernicus.eu/ghg-services
https://www.nies.go.jp/sii8_project/en/img/SII8_GHG2023_E.pdf
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Observing system surface-based infrastructure

Observing systems integration, modelling and data management

Capacity building and capacity development for G3W input and uptake

Regional Pilot Projects and supporting research for G3W emerging priorities

Central coordination by WMO secretariat including public-private-partnerships (PPP) development
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The G3W financial needs: A Region-First Approach

The G3W initiative aims at supporting the 
systematic observations and monitoring 
infrastructure for Greenhouse Gases

The costs estimate is 1 B$ over 2024-27
(with targets at 500 M$, 300 M$)

30% Workforce

70% Observations



G3W : leveraging Climate Action partnerships on Methane

COP28 Global Methane Pledge – 155 Countries

• https://www.globalmethanepledge.org

COP29 and COP30 must raise the urgency.

G3W – Global Greenhouse Gas WatchMethane is connected to Climate-Change also via the Cryosphere (e.g. 
Permafrost / Wetlands linking GHGs with the other WMO priorities)

Animation source: Copernicus Earth Observation Programme / ECMWF CAMS

https://www.globalmethanepledge.org/


Greenhouse Gases in focus at COP29: 
WMO GHG bulletin     CEOS/CGMS roadmap G3W



COP29 Messages from Greenhouse Gas efforts at WMO

COP28

Cg-19 → G3W 

WMO Congress

GST-1

G3W – IPP
Implementation Pre-Oper Phase

G3W – IOP
Initial Operational Phase

G3W – EOP
Enhanced  Operational Phase

COP33

GST-2
ETF, NDCs

GST-n
Initial Monitoring Systems Enhanced Systems 

The Global Greenhouse Gas research & monitoring efforts at WMO builds on 50-year experience and on a network of 
scientific and technical experts. The GAW GHG bulletin published its 20-year edition built upon the research efforts.

• WMO efforts aim at a systematic expansion of the Climate Infrastructure that supports Science & Services, 
interacting via the WMO channels, with the 193 Members, the UN-Family, the IPCC, and States/non-States actors.

• G3W aims to become Operational on the pathway of the Weather enterprise with engagements of all Nations, and 
advocates reinforcing the GHG research efforts under the GAW and the WCRP programmes.

• Estimating Greenhouse Gases with an Earth System Approach is necessary for supporting the Paris Agreement 
guiding GHG mitigation efforts for realizing the Climate goals. "One can only manage what is measured“.



CO2, Carbon dioxide
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GHGs Earth’s Observing Systems is building on Weather experience

WIGOS-WIS-WIPPS

WMO

UNFCCC
COP-SBSTA

UN family
IPCC-IOC-

UNEP-UNFCCC-

WHO-WMO-WTO

“for Measuring, Understanding, and Managing the Earth’s Climate”

G3W longer-term plans & vision



Thank you

g3w-gov@groups.wmo.int

CLIMATE ACTION NEEDS

SCIENCE DRIVEN – CONSENSUS BASED 

CLIMATE DATA – INFORMATION  - KNOWLEDGE  

Take Home 🏠message


