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Å Involve all project stakeholders and international experts, national (local and regional) and international reporting authorities, 
researchers, and policy bodies to assess the World Emission portal and datasets developed during phase 2 and the plans 
during phase 3 (Oct-2024 to Oct-2026).

Å Key sessions:
ï Demonstration of the current status as well as explain the World Emission phase 3 plans 

ï Further understand user needs and requirements, focused on national inventories agencies

ï Deep-dive into the World Emission methodologies used

Å Outcomes: 
Å Enhance collaboration with project stakeholders
Å Summary Report where all contributions will be acknowledged.
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In-person quick round table

World Emission consortium

World Emission Stakeholders and Relevant Organizations

Online attendance: 
You can introduce 
yourself in the chat!
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Funded under 
ΨEarth Observation Envelope 

Programme - FutureEO-1 Segment 2  
.ƭƻŎƪ пΩ or

Ψ9ŀǊǘƘ {ŎƛŜƴŎŜ ŦƻǊ {ƻŎƛŜǘȅΩ 

Objective of Applications element:
Pioneering novel EO applications to 

enable European and global 
international policies addressing 

environment and development matters 
All projects are characterisedby the 
active involvement of stakeholders 

and user communities
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The workshop will be recorded.

Your participation is very important!!!
 - Listening to speakers and posting questions /comments in the Chat/in-
 person.
 
In-person speakers/moderators can have camera on (on your own laptops) during their 
slots.

Online attendees will have:
 - mics closed and cameras off.
 - mics/cams could be on during the discussion slots. 
 [Express interest in the chat / Rise your hand!]

You can introduce yourself in the chat!
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Christian Mielke (UBA) and Beatrice Ellerhoff (DWD) (Germany)
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Hanne Witt (RIVM, TheNetherlands)
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Mélanie Juillard (CITEPA, France)
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Javier Pérez-Ilzarbe (MITECO, Spain)
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Nicoletta Kythreotou (Department of Environment, Cyprus)
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Gorka Mendiguren (EEA)
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Richard Engelen (ECMWF / CAMS)
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Expandingconstellation of satellite instruments providingpollutant and GHG atmospheric
concentrations / supportingthe atmosphericmonitoring of the surface emissions
Ҧ increaseof the spatio-temporalcoverageand resolution
Ҧ complementingthe expansion of surface air qualityand GHG networks 
Ҧ supportingthe validation, improvement(esp. for emissionfactors, sectors, countries with high 

uncertainties), and increaseof timeliness, spatial/temporal resolutionof the emissioninventories 

Constellation of spaceborneUV-visspectrometersprovidingNO2, 
O3, SO2, HCHO, CHOCHO andaerosolobservations; source: CEOS  

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

Satellite monitoring of the atmosphericcomposition

CO2M, Copernicus/ ESA (CO2, CH4, NO2) 
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Spectral range of TROPOMI (ESA/NSO, on-board
Sentinel-5P), source: ESA

Å Main instruments (currently): passive measurement of the absorption of the reflected sunlight (inUV-vis& Short Wave-
InfraRed) or of the thermal radiation (inThermal-InfraRed) by the targeted gases in suitable spectral bands

Ҧ  retrieval of total/partial vertical column average concentrations / density corresponding to each measurement pixel 
horizontal footprint based on complex «inverse» modeling of the radiative transfer in the atmosphere

Ҧ retrieval errors: measurement noise + modelling uncertainties (despite calibration-validation)
Ҧ loss of data due to clouds / aerosol scattering effects + quality filtering, no UV-vis & SWIR obs at night

Spaceborne «observation» of the atmospheric concentrations

Passive sensors
Source (modified): Xu et al., 2024, 

J. RemoteSensing

Spectral coverageof IASI (CNES)
IASI-NG

source CNES/EUMETSAT 

UV/vis, SWIR              TIR



TROPOMI (ESA/NSO)
Å on-boardSentinel-5P
Å 2600 km swath, ~1 visit per day(daytime)
Å Up to 7 km x 3.5 km resat NADIR   
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Diversity of the observation modes, spectro-imageryat relatively high spatial resolution

EUMETSAT AC SAF
IASI (CNES)
Å 3 instruments (A until 2021, B & C operational)
Å on-boardMetop
Å 2100 km swath, 2 visitsper day/ instrument
Å 12 km resat NADIR   

Allen et al., 2021, JGR atmos.

MOPITT (CSA)
Å CO obs
Å on-boardNASA EOS-Terra
Å 640 km swath
Å 22 km resat NADIR   

OCO-2 (NASA-JPL)
Å CO2 obs
Å 10 km swath
Å 1.29 km x 2.25 km res

TANSO-FTS / GOSAT 1-2 
(NIES/JAXA)
Å CH4 and CO2 obs

Turner et al., 2015, ACP

AverageCH4 observations
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CHE D2.3 Emissions and natural fluxes Dataset  26 

Table 3). The inventory provided to the CHE project includes emissions of CO2, CH4, CO, N2O, 
NMVOC, NOx, PM10, PM2.5, SO2 and NH3.  

TNO has made a ~1 x1 km inventory for a part of Europe for CHE WP4 under Task 4.1 (High-
resolution scenarios of CO2 and CO emissions). This high-resolution inventory will be 
described in CHE Deliverable D4.2 Database of high-resolution scenarios of CO2 and CO 
emissions. The Berlin inventory in its converted projection and source sector classification is 
nested in the high resolution (~1 x 1 km) domain of the TNO_GHGco inventory (Figure 9) to 
have one consistent dataset as input for model runs. The data will be made available on the 
ftp server of TNO and the CHE project. 

 

 
Figu re 9 Domain  of  the TNO hig h resolut ion  inv entory at ~1 x 1km as  prep ared for CHE WP4. 
The Berlin in ventory (Figure 8) from the Senate Berlin is n ested at t he same resolut ion  ins ide 

the red box.     

 
 

Surface emissions
TNO CO2 1-km resolutioninventoryfor 2015
Denier van der Gon et al., 2019, CHE report

Variations in the columndensities/ concentrations
Illustration for CO2 with images from Kuhlmann et al., 2018, SMARTCARB

Atmospherictransport 
and chemistry
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Copernicus CO2 Monit oring 

Mi ssion Requirements Document 

Issue 3.0 Date 01/ 10/ 2020 Ref EOP-SM/ 3088/ YM-ym  

 Measurements of XCO2 concentrati on gradients over regions dominated by natural 
fluxes will improve the diagnosti c of ocean and terrestri al ecosystem fluxes, which will in 
turn  help to better separate anthropogenic emissions from natura l CO2 fl uxes in XCO2 
images. 

 Measurements of sun induced fluorescence allowing improved esti mates of gross 
pri mary producti vity and terrestri al net ecosystem exchange of CO2 duri ng the growing 
season. These measurements are valuable to separate the contri buti on of green areas 
within and around cities to XCO2 plumes. 

Additi onal observati ons of NO2 and CO, two key species co-emitted with anthropogenic CO2 
in combusti on processes, are considered [secti on 2.2.3.1, Pinty et al., 2017] to better localise 
the plumes of anthropogenic CO2. Of these two species, NO2 is easier to detect at the same 
spati al scale and more characteri sti c of high temperatur e combusti on of fossil fuels than CO. 
The SMARTCARB study led by EMPA simulated plumes of NO2 and XCO2 from power plants 
and citi es in eastern  Germany (Figure 3.4) as would be observed by a space-based 
instrum ent. In herent to its relati vely short chemical lifetime (several hours), the NO2 plumes 
can be easily detected above their background concentrati ons. It was esti mated that the 
required precision should be better than 1ï2Ŀ1015 molec/ cm2 in a sampling area equal to the 
XCO2 measurements. In  the SMARTCARB study the effect of plume ri se from power plants 
stacks has also been investi gated. The heat content in the exhausted gas (a mix of CO2 and 
NOx) result in the plume rising to a different alti tude level higher than the height of the stack. 
The resulti ng plume ends up in a different wind fi eld, which can significantl y influence the 
CO2 emission esti mate if not accounti ng for the correct wind speed and directi on. Dedicated 
measurements of NO2 are recommended in order to strongly support the detecti on of 
anthropogenic CO2. 
 

 
  

NO
2
 

CO
2
 

Plu m e s  

Fi gu r e 3.4 Si m u lat ed XCO2 an d NO2 pl umes or i gi na ti ng  f r om  pow er  pl an ts an d 
ot her  em issio n  sou r ces in  a  l ar ger  ar ea ar oun d Ber l in . Si m u l at ed data com e f r om  
th e COSM O-GH G m odel  as used i n  t he SM ARTCARB st udy  si m u la t i ng a sw at h  
w id th  of  250  k m . 

Power plants

Quantification of the surface emissionsbasedon satellite images of 
the concentrations: estimateof point sources / local emissionhotspots

Dispersionof gasdownwindto largepoint sources: plumes(overlappingbackgroundvariations)
Ҧ characterizingtheseplumesbasedon satelliteimages
Ҧ estimationof the emissionsbasedon the modellingof the atmospherictransport andchemistry

wind
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Surface emissions
TNO CO2 1-km resolutioninventoryfor 2015
Denier van der Gon et al., 2019, CHE report

Density / concentration retrievals(for cloud free pixels in case of UV-vis & SWIR meas.)
Illustration for CO2 with images from Kuhlmann et al., 2018, SMARTCARB

Inverse modeling of the 
atmosphericchemistry

and transport
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Copernicus CO2 Monit oring 

Mi ssion Requirements Document 

Issue 3.0 Date 01/ 10/ 2020 Ref EOP-SM/ 3088/ YM-ym  
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Power plants

Quantification of the surface emissionsbasedon satellite images of 
the concentrations: estimateof point sources / local emissionhotspots

wind

Estimateof the emissions
with propagation of 
measurements& 

modellinguncertainties

Plume detection & inversion:image segmentation, computation of flux in plume, of flux 
divergence in image, mass balance, use of simple (Gaussian) or complex(Lagrangian, 
Eulerian) models, IA, simplified(e.g. linearcoeff) vs. full chemistryschemesΧ
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Temporal representativityand extrapolation of the estimatesfor local sources

Limited revisit frequency, gapsin local images,poor atmosphericconditionsfor plume detection / inversion: limited number of
suitableimagesfor a givensource,which canbe intermittent or highlyvariable
Å Seriesof instant emissionsestimates(temporalrepresentativityof plumeimages: few hoursmax)
Å Temporalextrapolationaccountingfor the variableaccuracyof instantestimates(atmosphericconditions,SNR,imagesgapsΧ)
Å Processof averageimagesҦ time averageemissionsoverfew dayto 1-yearperiods

Estimateof the CH4 emissionsfrom Korpezhecompressor; 
source: Lauvauxet al., 2022, Sciences

Estimateof CH4 
and NOx point 

sources in the ESA 
World Emission 
web interface

20212020 2022
07/08/2021

2021
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Quantification of the surface emissionsbasedon satellite images of 
the concentrations: global and regionalmapping of the emissions

Å Generalizationof the concept illustrated
at localscale

Ҧ analysisof the concentrationmulti-scale
variations using global / regional
atmosphericchemistrytransport inverse
modelling

Å Limitsof the "top-down" info: gapsin the
obs field and footprint in emissionfield,
needto filter errors from obs& model

Å Need for full timeseries / maps, for
monthly to annual, regionalbudgets

Ҧ use of "prior bottom-up" information:
griddedinventories

TROPOMI CH4 total columnson Sep 21 2024, source: 
https://mpc-l2.tropomi.eu/maps.html

assimilation

Analysisof 
local patterns

Analysisof large scale
variations

CH4 emissionsin Europe: prior and posteriorestimates
from an inversion assimilatingTROPOMI-CH4 data 

(23/08/2019); source: A. Sicsik-Pare, ESA SMART-CH4

correction / scaling
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Scalingand extrapolation of the correction to the prior emissionestimates

Correctionsto / scalingof the prior emissionestimatein the satellite "footprint ":
Ҧ asa functionof the relativeweightof uncertaintiesin bottom-up andtop-down info in statisticalinversions
Ҧ full fit to the satelliteobservationsin "massbalance"approach
Ҧ the lackof correctioncanbedueto consistencybetweenTDandBUinfo or to lackof robustinfo from satellite

Spatialandtemporal extrapolations: assumptionson the correlationsof uncertainty in BUemissionestimates

CH4 emissionsin Europe: corrections to a 
prior estimatefrom an inversion assimilating
TROPOMI-CH4 data (23/08/2019); source: A. 

Sicsik-Pare, ESA SMART-CH4 Extrapolation 
across

contiguousdays

Spatial 
extrapolation

Extrapolation 
across

contiguousdays

Spatial 
extrapolation

Strong 
corrections

Strong 
corrections

Small 
corrections

Small 
corrections
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Need for knowledgefrom the bottom-up 
compilation andmodellingof inventories

Extrapolatingthe seriesof instant estimates for local sources,the partial maps
from global/regionalinversionsrestrictedto the satellitefootprints

Statistics of the uncertainties in "prior" emission inventories to scale and
extrapolatethe correctionsin regional/global inversions

Usualassumptionsfor extrapolationin atmosphericinversionsgenerally
Ҧ conservative: weakextrapolation
Ҧ or simple: isotropic, homogeneous, correlationsdecreasingwith distance

andtime, correctionsto parametersunderlyingsimplifiedinventorymodel

Ҧ Shouldthe heterogeneoussourceof info on the emissionsfrom the satellite
footprints (with variableuncertainties) behandledby the BUcommunity?

Ҧ Needof exchangesof information between the inventory compilers(agencies)
and inversemodelers, interactions,work in synergy

Analysisof the statisticsof uncertaintiesin emission
inventories in the frame of the H2020 CoCO2 and HEurope

CORSO projects. Figures from Super et al., 2024, GMD 
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Relative weight of the bottom-up and top-down 
information in atmosphericinversions

Statisticalatmosphericinversions: not purelytop-down

Extrapolationof the purelytop-downestimatesoutsidethe satellite
footprints

ü indices of the level of top-down constrain in the products to
improvethe feedbackson inventories

o statistics of posterior vs. prior uncertainties in statistical
inversions: often difficult to derive

o analysis of the level of correction can be difficult:
consistencyvs. lackof satelliteconstraint

o test of sensitivitiesto the prior estimate
o joint-analysisof the corrections
o evaluationagainstindependentdata,inventories
o detailedexplanations/ clarity / transparency

ü needfor stronginteractionsbetweendata providersandusers

CH4 emissionsin Europe: corrections to a prior estimate
from an inversion assimilatingTROPOMI-CH4 data 

(23/08/2019); source: A. Sicsik-Pare, ESA SMART-CH4
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Atmosphericinversion systems and productsin ESA World Emission 

Species
Local sources (point 
sources, hotspots)

Regionalsources & 
mapping

Global mapping

CO2
Cross-sectional flux applied
locally to OCO-2/3 plume 

transects

Derivationfrom regional
NOx and CO inversions 

and emissionratios from
inventories 

CH4

Hybridinversion of Lagrangian
model with mass balance 

approachappliedlocally to 
images from different sensors

incl. TROPOMI

Regionalstatistical
inversions assimilating

TROPOMI obs

Statisticalinversion 
assimilatingGOSAT 
and TROPOMI obs

CO

Regionalstatistical
inversions assimilating
MOPITT and TROPOMI 

obs

Statisticalinversion 
assimilatingMOPITT  

obs

NOx
Divergence or pattern analysis

appliedlocally to annual/ 
monthly meanto daily

TROPOMI images

Regionalstatistical
inversions assimilating
OMI and TROPOMI obs
(potentially S-4, GEMS, 
TEMPO, GOSAT-GW)

Hybridmass balance ς
inversion approach
appliedto TROPOMI 

obs

SO2

NH3

Mass balance appliedlocally to 
mean(supersampled) IASI 

images

Mass balance appliedat 
regionalscaleto mean

IASI images

Hybridmass balance ς
inversion approach
appliedto IASI obs

CH3OH

C2H2

C2H4

Å Flexible portfolio of systemssuited to the satellite datasets, to the
targetedsourcesandscales

Å Varyingtemporal coverageof the products
Ҧ manystart in 2019(startof TROPOMIhighqualitydatasets)
Ҧ In all cases: routine estimates, regularextensionto recentyears

Å Extensionof the spatial coverage(new regionalconfigurations,point
sourcesetc.)

Å Detaileddocumentation: ATBD

Å Evaluation(vs. independentdata,inventories): validation report

Å Regular updates (improvement, expansion): systems (parameters,
approaches, spatial/temporal/sectoralresolution), satellitedata
Ҧ checkingandassimilatingnew satellite datasets
Ҧ new targets, in particular(in phase3): seashippingemissions
Ҧ versioning,updatesof ATBDandvalidationreport
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CH 4 point - source emissions

Approach Overview

Scientific Highlights

Temporal Coverage

Daily, 2019-2022 
(to be updated until 2024)

Satellite Datasets

Sentinel-5P: TROPOMI
(Operational L2 data V02.05.00)

In collaboration with other 
scientific partners, used a dense 
time-series of super-emission 
events to quantify a prolonged 
methane leak in 2023 from a well 
blowout in Kazakhstan's Karaturun 
East oil field: 128 kt (+/- 36 kt)

Coverage (Current Version)

Spatial Coverage

Global (subject to cloud cover)

Quantification Methodology

Å A methane anomaly map is 
computed using TROPOMI 
data, with plume candidates 
identified through positive 
pixel grouping and watershed 
segmentation

Å Human expert labellers 
validate detections, filtering 
out false positives by verifying 
potential emission sources and 
assessing detection consistency

Å Simulated plumes are generated for each detection using the 
HYSPLIT Lagrangian particle dispersion model with GFS 
meteorological data.

Å The final emission rate is calculated by normalizing the 
simulated plume flow rate with the ratio of enhancement 
between the actual observation and the simulation.

Automated detection and simulation of methane plumes
Detection Threshold

10 tons per hour
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Approach Overview Coverage (Current Version)

Scientific Highlights

Spatial Coverage

Major O&G and Coal basins: (US, 
Algeria, Iraq, Kuwait, Iran, 
Turkmenistan, Uzbekistan, South 
Africa and Australia)

Temporal Coverage

Monthly/Quarterly/Yearly, 2019-
2022 
(to be updated until 2024)

Satellite Datasets

Sentinel-5P: TROPOMI
Suomi NPP: VIIRS (for prior)

Quantification Methodology

Å Identify potential high-emitting 
methane sources using high-
resolution satellite data (e.g., 
VIIRS for oil and gas fields, or 
location of coal mines for coal 
basins).

Å Run atmospheric simulation 
models at TROPOMI resolution 
for each identified potential 
source, simulating methane 
propagation using real wind 
data and transport models.

With BNPP, modelled the methane 
intensity of O&G upstream 
activities based on basin-level 
methane measurements & 
country-level production data

Å Observe actual methane concentrations using TROPOMI 
satellite data.

Å Use a linear combination approach to reconstruct the 
observed TROPOMI methane concentrations by combining the 
simulations of potential sources.

Å Determine the best-fit coefficients for each potential source in 
the linear combination, which represent the methane emission 
flux rates for each source.

Identification of potential methane sources Linear combination of simulatedpotential sources

CH 4 regional inversions
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NO x point - source emissions

Temporal Coverage

Annual means, 2018-2021 

Satellite Dataset

Sentinel-5P: TROPOMI

Spatial Coverage

Global (except high latitudes)

Quantification Methodology

Flux divergence: E ς S = ÐϊC Ґ 5
Å Spatial derivative is very sensitive 

to strong gradients -> detection 
and quantification of point sources

Å Prerequisite: Steady state

 

Detection Limit

~ 0.03 to 0.11 kg/s (NOx)

Further details:

Beirle et al., ESSD, 2023,  
https://doi.org/10.5194/essd-15-3051-2023

Catalog of NOx point source emissions (v2):

Å 1139 point sources identified world wide
Å Top 10: all related to coal burning
Å Rank 2: Secunda CTL coal liquifier, South Africa

(missing in power plant database and in EDGAR!)
Å Germany: lignite & coal power plants: good agreement to PRTR

Phase 3
Å Continuation of time series
Å Towards higher temporal resolution (monthly, daily?): 

Check for steady state


