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World Emission

Funded under ESA 9ŀǊǘƘ hōǎŜǊǾŀǘƛƻƴ {ŎƛŜƴŎŜ ŦƻǊ {ƻŎƛŜǘȅ Ψ!ǇǇƭƛŎŀǘƛƻƴǎΩ ǎŎƻǇŜΥ 

Ҧ novel EO applications to enable European and global international policies for environment and development matters

Ҧ active involvement of stakeholders and user communities

Providing a global multi-scale EO-based atmospheric pollutant and GHG emission monitoring service 

Ҧ leveraging the growing number of spaceborne sensors dedicated to atmospheric composition

Ҧ and the diversification & consolidation of top-down atmospheric transport and chemistry inverse modeling techniques

Ҧ supporting the improvement, development and evaluation of the traditional bottom-up emission inventories, used by 
policy makers to assess and define emission abatement measures

9 research institutes, private companies, inventory agencies & other collaborators

Coordination: GMV; Scientific lead: LSCE
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General Framework of the Service

Å Long-term development of complex operational systems: Copernicus 
services, national projects etc.: need to ensure complementarities

Å Satellite observation and modeling approaches: expansion, innovation

ҦWorld Emission: flexible portfolio  of adaptive inverse modeling systems

o Covering pollutants and GHG

ü 10 species currently: NOx, NH3, SO2, 4 VOCs, CO, CH4 and CO2

o Regular production of global, regional & local emission estimates

o Exploration of the potential of new observations

o Assessing added value, readiness, needs, requirements of service in 
collaboration with end-user organizations (esp. Inventory agencies)

Three phases since March 2022 (2-year extension in 2024)

Ҧ from the core development of modeling systems and portal to the 
regular production of emission estimates

Ҧ Continuation and regular improvements (robustness and coverage)

Global carbon dioxide and 
methane monitoring, CAMS

WMO GGGW
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Satellite observations of column mean concentrations

Constellation of spaceborne UV-vis 
spectrometers providing NO2, SO2 and 

HCHO observations ; source: CEOS  

CH4 observing satellites with SWIR 
measurements; source: Jacob et al., 2022, ACP  

IASI (CNES)
Å 3 instruments (A until 

2021, B & C operational)
Å on-board Metop
Å 2100 km swath, 2 visits 

per day / instrument
Å 12 km res at NADIR   

TROPOMI (ESA/NSO)
Å on-board Sentinel -5P
Å 2600 km swath, ~1 visit 

per day (daytime)
Å up to 5.5 km x 3.5 km 

res at NADIR   

TROPOMI spectral range; source: ESA

Å Two main instruments for World Emission (currently): TROPOMI and IASI

Ҧ also using OMI (NIVR/FMI), MOPITT (CSA), OCO-2/ 3 (NASA/JPL), TANSO-FTS (NIES/JAXA)

Å Technical watch on GEMS, TEMPO, CH4 high resolution instruments (and anticipation of 
upcoming GOSAT-GW, Sentinel-4, IASI-NG, CO2MΧ)

IASI Spectrum

Douros et al., 2023, GMD

NO 2  TVCD

NH 3  Total Column, IASI - Metop - C (day)
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Å Systems suited to the satellite datasets, to the 
targeted sourcesand scales

Å Regular updates of the approaches, parameters, 
spatial,  temporal and sectoral resolution
Ҧ checking and assimilating new satellite datasets

Å Evolving temporal coverage of the products
Ҧ Many start in 2008 (with IASI) or in 2018-2019 (with 

TROPOMI)
Ҧ routine estimates: regular extension to recent years

Å Regular extension of the spatial coverage (new 
regional configurations, point sources etc.)

Å Evaluation vs. independent data, inventories 

Å Up-to-date documentation: ATBD, validation reports

Atmospheric inversion systems and products

Species
Local sources (point 

sources, hotspots)
Regional sources & mapping Global mapping

CO2
Cross -sectional flux 

applied to OCO-2/3 

plume transects

Derivation from regional NOx 

and CO inversions and 

emission ratios from inventories 

CH4

Hybrid Lagrangian

model inversion - mass 

balance approach

applied to images from

sensors incl. TROPOMI

Regional statistical inversions 

assimilating TROPOMI obs

Statistical inversion 

assimilating GOSAT 

and TROPOMI obs

CO
Regional statistical inversions 

assimilating MOPITT and 

TROPOMI obs

Statistical inversion 

assimilating MOPITT 

obs

NOx
Divergence or pattern 

analysis applied to 

annual / monthly mean

to daily TROPOMI 

images

Regional statistical inversions 

assimilating OMI and TROPOMI 

obs (potentially GEMS, TEMPO)

Hybrid mass balance ï

inversion approach

using TROPOMI obs
SO2

NH3 Mass balance and 

Exponentially Modified

Gaussian plume fitting

applied to mean

(supersampled ) IASI 

images

Mass balance applied at 

regional scale to mean IASI 

images

Hybrid mass balance ï

inversion approach

using IASI obs

CH3OH

C2H2

C2H4

C5H8
Hybrid mass balance ï

inversion approach

using TROPOMI HCHO
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Local scale analysis : point sources and hotspots

Franco et al., 
JGRA (2024)

2008-2021 mean

Pharma city Steel plant

CH3OH C2H4

Quantification of VOC point sources based on IASI observations, 
super-sampling and mass balance approach (ULB)

Simultaneous fit of emissions and lifetimes to the observed 
outflow patterns for opposing wind directions to quantify NOx 

megacity emissions based on TROPOMI NO2 data (MPIC)

Beirle et al., 
AMT (2024)

Mean NOx 
distribution 

depending on 
wind direction 
for Riyadh in 

winter

Automated detection and simulation of CH4 
plumes in TROPOMI images (Kayrros)

Plume cross sectional 
flux computation on 

OCO-2 data to 
quantify CO2 point 

sources (LSCE)

Lauvaux et al., Science (2022)

Quantification of NH3 
point sources based on 

IASI observations, 
super-sampling and 

Exponentially 
Modified Gaussian 
plume fitting (ULB)

NOx divergence from TROPOMI 
NO2 images (MPIC)

Mean advection of 
NOx over a coal 

liquefier in South Africa

Beirle et al., 
ESSD (2023)

Chevallier et al., 
GRL (2022)
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Point/local sources catalog , evaluation vs. inventories

Annual mean of 1139 NOx PS over 2018-2021 vs. PRTR 

NOx emissions of 100 
urban areas vs. EDGAR 

NH3 and VOC PS with annual values over 2008-2022 (ULB)

C2H4 PS: >300 detected, 57 quantified

PS in Germany

Beirle et al., 
ESSD (2023)

Beirle et al., 
AMT (2024)

Annual mean of 176 SO2 PS over 2018-2021

>750 NH3 PS

C2H4 annual emissions from Yanbu 
petrochemical cluster (Saudi Arabia)

NOx and SO2 source catalogs (MPIC) 

1158 CO2 PS 
instant estimates 
over 2014-2024 
(LSCE)

Franco et al., Nat. 
Commun. (2022)
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Regional and basin scale atmospheric inversions

Basin scale CH4 inversions based on TROPOMI data (Kayrros): identification of potential 
CH4 sources & linear combination of the simulation of their atmospheric signature

NOx and CO regional scale 
variational inversions for 

Europe, Eastern China and 
Middle East at 0.5° resolution 
based on CIF-CHIMERE and 

on TROPOMI & OMI NO2 and 
MOPITT CO data (Science 

Partners and LSCE)

Comparisons between CHIMERE simulations and satellite 
observations at monthly scale

Coal extracting basin in Australia
TROPOMI NO2 CHIMERE NO2

TROPOMI NO2 CHIMERE NO2

CHIMERE COMOPITT CO

Community Inversion Framework
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Regional and basin scale emission estimates

Monthly climatology 
and annual estimates 
of regional scale NH3 

emissions for 178 
regions (ULB)

Analysis of the impact of COVID-19 on NOx 
emissions in Eastern China using the NOx 
inversion maps (LSCE/Science Partners) 

2020-2019 monthly mean differences at 
0.5° resolution / Province scale

Analysis of 
the trends

Monthly emissions over
EU-27+UK for 2005 and 2019

CH4 emissions from major fossil fuel basins (Kayrros)

Series of monthly to annual 0.5° resolution 
maps and national budgets of NOx 

emissions in Europe (LSCE/Science Partners) 

Abeed et al. (2025)

Fortems-
Cheiney et al., 

ACP (2025)

From 2005 to 2019
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Global scale atmospheric inversions

CEDS inventory Satellite - based estimates

Comparisons to 
global gridded 
inventories
and to other 
inversion products

Impact of COVID - 19 on NOx 
emissions in China

Å NOx, NH3, SO2, C5H8: simple όάCƛƴƛǘŜ Difference Mass-.ŀƭŀƴŎŜέύ inversion approach with a complex global CTM (LMDZ-INCA) (LSCE) 

Å CO, CH4: variational inversions using simplified chemistry (PYVAR-LMDZ-SACS system) (LSCE, U. Tsinghua)

Maps of 2019 - 2023 
mean emissio ns at 

~2 °  resolution

2019 - 2023 NH3

Global SO2

Kumar et al., 
ACPD (2024)

Comparisons with a catalog  
of SO2 point sources from  
Fioletov  et al. ESSD (2023) 

over 2019 - 2023
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Portal / interface

Å Dynamical visual interface (Kayrros)

Å Detailed documentation

Å Direct access to emission products
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Engagement of inventory agencies

Å Large attendance of stakeholders: inventory agencies and representatives of other 
emission monitoring programs to the World Emission user workshops

Ҧ promoting the products and portal, getting feedbacks and recommendations

Å National Inventory Agencies involved in inversion-inventory comparisons led by BSC: 
Spain (MITECO), Cyprus (CyI), Germany (UBA), France (CITEPA), the Netherlands (RIVM)

Comparisons to trends in NH3 
emissions in Spain from EMEP (BSC)

Comparisons of monthly budgets of 
CO2 emissions in France (CITEPA)

Analysis of NOx point sources 
in the Netherlands (RIVM)

Report for Tata Steel: 
5.13 kt NO2/year
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Next steps and perspectives

Continuation and enhancement of production, dissemination and engagement activities

Ҧ from crossing estimates for different species /  scales to multi-species or multi-scale inversions

Ҧ new specific targets: NOx sea shipping emissions,  CH4 emissions at facility scale based on high resolution imagers

Ҧ portal enhancement

Ҧ further engage users and stakeholders to help define technical and service specifications

Ҧ coordination with CAMS, Horizon Europe, national projects, other European and International entities

The new priorities for World Emission phase 3 (2024-2026)


