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We’ve been steering by looking in the rearview.
Advances (spurred by COVID) offer decision makers timely feedback to support 
more agile and adaptive management of carbon emissions and natural sinks.



In this study, a new methodology to 
use inversions and make them 
comparable with UNFCCC reports was 
presented for the three gases 

Comparing inversions with UNFCC inventories

Significant differences were found, especially for lower 
UNFCCC emissions of CH4 in the fossil sector
This work had an impact at the COP26 through an article 
in the Washington Post 



Current status

• Annual analysis of the global CO2 budget by the Global Carbon Project
• Annual estimates for year n-1
• Based on ocean and land models, and annual fossil emissions ( per country )

• Global CH4 budget by GCP
• Decadal estimates
• Combination of multiple inversions and bottom-up inventories
• Last update to 2017, current update planned to extend to 2020

• Global N2O budget by GCP
• Decadal estimates
• First publication in 2020
• Last update to 2018, current update planned to extend to 2019

• UNFCCC submissions
• Latency of 1+ years for Annex 1 countries
• Latency of 10+ years for non Annex 1 countries



Towards near real time GHG budgets ?

• New estimates of fossil emissions area => available in NRT
• CH4 Kayrros Global Methane Watch

• CO2 Carbon Monitor daily national budgets & emissions maps at 10 km 

• New global inversions of CO2 and CH4 fluxes => each 4 month
• Use NRT in-situ concentration data from NOAA, ICOS, RAMCES networks

• Satellite XCO2 and XCH4 from OCO2 and GOSAT

• Copernicus CAMS results are already available for CO2

• Attribution of top-down flux anomalies using bottom up information
• Land observations and models

• Ocean observations and models



Near real time Carbon Monitor fossil CO2 emissions

21 peer reviewed publications / 
preprints since June 2020

More than 30 researchers working
on different datasets

Operational management 

All data freely available
https://carbonmonitor.org

https://carbonmonitor.org/


Sentinel-5P near-real time monitoring of CH4
emissions for ultra-emitters

Global coverage
Ultra emitters > 20 tCH4 per hour with TROPOMI
Represents 5 to 80% of national emissions from inventories
Lower detection of leaks > 5 tCH4 per hour using PRSMA, Sentinel-2, Gaofeng …



Near real time estimates of fossil CH4 regional emissions for 
major extraction basins ( represents ≈ 35% of emissions )

Coverage : seven major oil, gas, coal basins 
representing 25% of global fossil CH4 emissions
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Tropomi + high resolution atm inverse models



From near real time emissions to full GHG budgets over land and ocean
=>  National assessments of emissions and sinks at 4 months intervals



Near Real time attribution of national budgets into components

Inversions
 Total CO2 fluxes

Then correction of lateral fluxes
 Net land carbon stocks change

Global NRT biomass C change 
from VOD and optical sensors

Then observable C losses in NRT
- Fire emissions
- Deforestation CO2 emissions

 Residuals.
• Forest growth / regrowth sink
• Soil C storage change
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www.kayrros.com/biomass-watch/

Global coverage
20 km resolution

Updated each 4 
months

National data freely
available

Global NRT monitoring of biomass C changes with satellites 

JP Wigneron and H Yang

http://www.kayrros.com/biomass-watch/
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Global NRT monitoring of fire C emissions with satellites 

Active fires – burned area = bottom up emissions
Carbon monoxide (MOPITT, TROPOMI, IASI) = top down emissions
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Global NRT monitoring of fire C emissions with (CO) satellites 



Global NRT modeling and attribution of C flux anomalies
Example : the drought of 2022 in Europe, China … 

2022 in perspective: NBP ( net C flux anomaly)
with the same global vegetation models used for the annual buget and future projections

A. Bastos, S Sitch et al.



Near real time air-sea CO2 fluxes

L Gregor and N Gruber, ETH ; G Mc Kinley Columbia University Confidential – please do not cite

Based on Ml, surface in situ pCO2 and satellte observations of the ocean surface SST, CHl, SSS, MLD



Conclusion
Near real time global CH4 and CO2 budgets are 
now possible

Coverage and separation of managed / 
unmanaged land

Understand extreme events and evaluate
emerging carbon feedbacks

Impacts of extreme weather events and 
economic shocks on fossil CO2 and CH4 emissions
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Near real time Fire CO2 emissions

Two approaches : new GFED5 satellite based (VIIRS) daily emissions and global NRT CO inversion from MOPITT


