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Enhancing pollutant and greenhouse gas emission
inventories using satellite data

WorldEmissio

Workshop Objectives

A Involve all project stakeholders and international experts, national (local and regional) and international reportingtiasthori
researchers, and policy bodiesdssess the World Emission portal and datasets developed during phase 2 and the plans

during phase 3 (Oe2024 to Oct2026)

A Key sessions
I Demonstration of the current status as well as explain the World Emission phase 3 plans

I Further understand user needs and requirements, focused on national inventories agencies
I Deepdive into the World Emission methodologies used

A Outcomes:
A Enhance collaboration with project stakeholders
A Summary Report where all contributions will be acknowledged.
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Session 1- Opening
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4th Stakeholders Workshop
In-person quick round table Online attendance:
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orldEmission @ cSa yourself in the chat!
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WorldEmission

Funded under
\Earth Observation Envelope
Programme FutureEGL Segment 2
. f200 nQ
WOl NI K { OASYOS

Objective of Applications element:
Pioneering novel EO applications to
enable European and global
International policies addressing
environment and development matters
All projects arecharacterisedy the
active involvement of stakeholders
and user communities

Enhancing pollutant and greenhouse gas emission
inventories using satellite data

Earth Science for Society Cross-cutting

elements

Open Call

Sci Industnal Regional Initiatives

caence o : :
competltlven ess Rapid EQ solutions

-'F Sentinel User Preparation

Foresight

Digital Innovation

-> Users consultations are
central to Applications
projects
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Workshop Dynamics and
House-Keeping
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Enhancing pollutant and greenhouse gas emission
inventories using satellite data

WorldEmission

: O B 2 @
House Keeping ow o e e e X

The workshop will beecorded.

Your participation is very important!!!
- Listening to speakers ammbsting questions /commentsn the Chat/in
person.

In-person speakers/moderators can have camera on (on your own laptops) during Meeting infia

SIOtS' =] Video effects and settings

Online attendees will have: SLSESEO N
- mics closed and cameras off. _
- mics/cams could be on during the discussion slots. — (33 Settings
[Express interest in the chat / Rise your hand!]

AT Languadge and speech

T

You can introduce yourself in the chat! T Helo

www.world-emission.com
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Workshop Outline:

Emission

WORLD EMISSION

FOURTH

USER
WORKSHOP

SESSION 1 — Opening

Time (CET) m Topic Speakers
11:00- 11:10 10 Welcome and Introduction. Project Context Antony Delavaois (ESA)
11:10-11:15 5 Project Updates and Workshop Objectives Beatriz Revilla-Fomero [GRY])

SESSION 2 — World Emission operational service — live demo + feedback

Lunch break

Time (CET) m Topic Speakers
11:15- 11:30 15 | Live dema - The Warld Emission portal Srivatsan Anand [KAYRROS) (+
sclentific parmers)
11:30 - 12:00 30 | Discussion [Q&A)

T I L

SESSION 3 — National and European reporting inventories needs

Break

Time (CET) m Topic Speakers
Christiam Miglks (U B Beatri
12:45-12:55 10 | National inventories - Germany Sy =
12:85-13:05 10 Mational irsentaries - Metherands Haninzs Wit (RIVIVI)
12:05-13:1% 10 Mational imsentaries - France Félanie Juillzrd ([CITEPA)
13:15-13:2% 10 Mational inventories — Spain Javier Pérez-llzarbe [MITECD)
13:25-13-35 10 | Mational inventories — Cyprus Nicolatta K"”‘;";“_ '
13:35-13:4% 10 European inventories Gaorka Mendiguren (EEA)
Copermious Atmaosphers Monitoring Senvice .
13:45—-13:55 10 Fichard Engel MWF/CAMS
[CAME) [developing) emission monitoring services ngelen [EC !
13:55- 14-15 20 | Discussion {Q&a)

SESSION 4 — Inside World Emission data: modelling / inverse modelling frameworks

L [

Time [CET) m Topic Speakers
18:30 - 15-30 £0 Modelling / inversa modelling frameworks — Gregoire Broguet [LSCE) + 5B,
’ ) methodelogy explanation & discussion KAYRROS, MBIC, ULE
P Wrap up: where nationzl reporting needs meet
15:30—15:50 20 World Emission data Marc Guevara (B20)

Condlusions and workshop closure Antony Delavois (ESA]

www.world-emission.com
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WorldEmission

Enhancing pollutant and greenhouse gas emission
inventories using satellite data

World Emission started in March 2022. Phase 3 will run until September 2026.

Priorities

/Support to National Inventories\

Demonstrate EO-based GHG and
Pollutants top-down inventories can
support countries’ reports

Spain
Cyprus
Belgium
Others ?

/Maritime Transport Emissions\

Support to EMSA Emissions MRV in
the context of the integration of
maritime transport to EU ETS and
sustainable fuels

A zero pollution ambition for
a toxie f nt

Increasing the EU's climate
ambition for 2030 and 2050

EHS!.?.,.B.!,E/

Methane emissions
at facility scale

3 a

Methane monitoring to provide
information about GHG release and
establish ESG scoring or commodity

pricing

www.world-emission.com
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SESSION 2 -
World Emission operational
service
Live Demo + feedback
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World Emission Portal

Explore the evolution of emissions through different views to see the
data from different angles. Compare, observe & analyze!

. .
MAPS (  OPEN PRODUCTS PRODUCT VALIDATION ALGORITHM THEORETICAL
K codioc ) K SPECIFICATIONS TABLE ) ( REPORT ) DOCUMENT ) ( [ MENTATION )

Available tools *

Dowmnload Documentation Timeline Additional Species

o Co ©

Click here to download time series, Click here to access documentation Navigate through the fimeline to see Click here to overlay additional
images & regional shapes for the selected specie emissions evolution for the specie
you selected

species on the screen

CEW, JPEG, GeoTIFF, GeolS0ON




Enhancing pollutant and greenhouse gas emission
inventories using satellite data
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WorldEmission

The World Emission portal
Discussion/0&A
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BREAK (45MIN)
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W= W SESSION 3 - National and
European reporting
inventories needs
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WorldEmission

Enhancing pollutant and greenhouse gas emission
inventories using satellite data

SESSION 3 — National and European reporting inventories needs

Time (CET) m Topic Speakers
. - ) Christian Mielke (UBA) & Beatrice
12:45-12:55 10 -
National inventories - Germany Ellerhoff (DWD)
12:55-13:05 10 National inventories - Netherlands Hannes Witt (RIVM)
13:05-13:15 10 National inventories - France Mélanie Juillard (CITEPA)
13:15-13:25 10 National inventories — Spain Javier Pérez-lizarbe (MITECO)
. . . : - Nicoletta Kythreotou
13:25-13:35 10 -
National inventones — Cyprus 0 t of Envi )
13:35-13:45 10 European inventories Gorka Mendiguren (EEA)
Copemicus Atmosphere Monitoring Service .
1545 — 1355 10 Richard (ECMWF/CAMS
(CAMS) (developing) emission monitoring services =ngelen )
13:55-14:15 20 Discussion (Q&A)

www.world-emission.com
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Enhancing pollutant and greenhouse gas emission
inventories using satellite data

-

WorldEmission

Christian Mielke (UBA) and Beatrice Ellerhoff (DV@A2)fhany

Umwelt

Bundesamt
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Enhancing pollutant and greenhouse gas emission
| inventories using satellite data

WorldEmission

Hanne Witt (RIVMTheNetherlandg

W National Institute for Public Health
and the Environment
Ministry of Health, Welfare and Sport

www.world-emission.com
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Enhancing pollutant and greenhouse gas emission
inventories using satellite data

WorldEmission

Mélanie Juillard (CITEPA, France)

Citepa
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Enhancing pollutant and greenhouse gas emission
inventories using satellite data

WorldEmission

Javier Pérefizarbe (MITEC@pain)

2 -* ®  GOBRIERNO MINISTERIO
< ',q DE ESPARIA PARA LA TRANSICION ECOLOGICA
o Y EL RETO DEMOGRAFICO
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Enhancing pollutant and greenhouse gas emission
inventories using satellite data

WorldEmission

Nicoletta Kythreotou (Departmerdf Environment Cyprug

JEPARTMENT OF
ENVIRONMENT
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WorldEmission

Gorka Mendiguren (EEA)

\\“ European
- Environment

Agency

Enhancing pollutant and greenhouse gas emission
inventories using satellite data
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Enhancing pollutant and greenhouse gas emission
inventories using satellite data

WorldEmission

Richard Engelen (ECMWEF / CAMS)

< ECMWF

/-\ Atmosphere
/m\ Monitoring Service
— atmosphere.copernicus.eu
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BREAK (15MIN)
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WorldEmission

”SESSION 4 — lﬁside World

Emission data: modelling /
inverse modelling
frameworks
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Enhancing pollutant and greenhouse gas emission
inventories using satellite data

Satellite monitoring of theatmosphericcomposition

Sentinel-4 (hourly)

GOSAT-GW

= BEMShourly)
Global GHG
Mappers’ |

-

2M :!1 _'
WF MERLIN ¢

‘co

Facility Scale Methane

Plume Monitors

: : ‘ Observations
Sentinel-5P Sentinel-5 OMPS EMI GaoFen-5 Tango-Carbon
(once per day) (once per day) (once per day) (once per day) = . from Spa ce

Constellatiorof spaceborndJ\-visspectrometergrovidingNO2, CHA4observingsatelliteswith SWIR CO2MCopernicug ESA (CO2, CH4, NO2)

03, SO2, HCHO, CHOCHOaamndsolobservations source: CEOS measurementssource: Jacob et al., 2022, ACP
Expandingconstellation of satellite instrumentgprovidingpollutant and GHGatmospheric
concentrations /supportingthe atmosphericmonitoring of the surfaceemissions
b increaseof the spatiotemporalcoverageandresolution
'H complementinghe expansion of surface agualityand GHG networks
b supportingthe validation,improvement(esp. foremissiorfactors sectors countrieswith high

uncertaintie9, andincreaseof timeliness spatial/temporal resolution of the emissioninventories www.world-emission.com
© 2025 World Emission| All rights reservec



Enhancing pollutant and greenhouse gas emission
inventories using satellite data

WorldEmission

Spaceborne ©bservation» of the atmospheric concentrations

Normalized
radiance
- 3
g
@

= ¢ oz e P o
b g P LYW TV -
- é'." Earth’s ‘s 5 .u?;l e e
?'é, é" atmosphere ; B m?ﬁ. VT \‘Ew ¥ |
% qu: E i cPeA2 '
% §s 2 o oo, Tran
X5 oo e pebey JO0 L SR o w n o
Surface il I]:-.s"c:wn':el : C.Clerbaux & al.
Pas_s_ivesensors Spectrakoverageof IASI (CNES)
Source ifhodified): Xu et al., 2024, IASING Spectral range of TROPOMI (ESA/NS&@pand

J.RemoteSensing source CNES/EUMETSAT Sentinel5P), source: ESA

A Main instruments (currentlypassive measurementf the absorption othe reflected sunlight (itJV-vis & Short Wave
InfraRed or of the thermal radiation (ifhermalinfraRed by the targeted gases in suitable spectral bands

[H retrieval of total/partial vertical column average concentrations / densigorresponding to each measurement pixel
horizontal footprint based on complexirverse» modelingof the radiative transfer in the atmosphere

[H retrieval errors:measurement noise + modelling uncertainties (despite calibra@iidation)

H loss of datadue to clouds / aerosol scattering effects + quality filtermg U\tvis & SWIRbsat night ol emission com

© 2025 World Emission| All rights reservec
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Enhancing pollutant and greenhouse gas emission
inventories using satellite data

Diversity of the observation modespectroimageryat relatively high spatialresolution
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Tropospheric vertical column of nitrogen dioxide
S5P_TEST_L2__NO2___ 20190815T180434_20190815T194604_09525_01_020100_20191121T084748.nc

T T e

e

Tro| heric vertical column of nitrogen dioxide (10™-6 mol m-2)
< e —

0.0 400 80.0 120.0 160.0 2000

Allen et al., 2021, JGRmos

TROPOM(ESA/NSO)
A on-boardSentinel5P

A 2600 kmswath ~1visit per day(daytime)

A Upto 7 km x 3.5 kresat NADIR

xc02
uuuuu

OCG2 (NASAIPL)
A CO20bs
A 10 kmswath

A 1.29 km x 2.25 kmes

TANSGFTS / GOSATA
(NIES/JAXA)
CH4 and CO&bs

MOPITT CO Column -- 20190101 10° molicm”

IASI(CNES)

A 3instruments (Aintil 2021, B & ©perationa)
A on-boardMetop

A 2100 kmswath 2visitsper day/ instrument
A 12 kmresat NADIR

MOPITT(CSA)

A COobs

A on-boardNASA EG¥erra
A 640 kmswath

A 22 kmresat NADIR

Orbiting Carbon Observatory - 2

04/01/2016 to 05/02/2016

Turner et al., 2015, ACP

www.world-emission.com
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Enhancing pollutant and greenhouse gas emission
inventories using satellite data

—

Werldbmiesion - Quantification of the surfaceemissionsbasedon satellite images of
the concentrations:estimate of point sources / locaémissionhotspots

o Variations in thecolumn densities/ concentrations
Surfaceemissions lllustration for CO2vith imagesfrom Kuhlmann et al., 2018, SMARTCARB

TNO CO2-kmresolutioninventoryfor 2015
Denier van der Gon et al., 2019, CHE report

e Lo /'.:%—

Atmospherictransport
and chemistry

XCO; signal (ppm)

0 0.0010.004 002 01 02 05 1 2
Emission CO2 FF [kTon/vr]

Power plants

Dispersiorof gasdownwindto largepoint sources plumes(overlappingoackgroundvariations)
b characterizingheseplumesbasedon satelliteimages

['H estimation of the emissionsbasedon the modellingof the atmospherictransport and chemistry .
www.world-emission.com
© 2025 World Emission| All rights reservec



Enhancing pollutant and greenhouse gas emission
inventories using satellite data

Werldbmiesion - Quantification of the surfaceemissionsbasedon satellite images of
the concentrations:estimate of point sources / locaémissionhotspots

o Density / concentrationretrievals (for cloud free pixels in case of UXMs & SWIRneas)
Surfaceemissions lllustration for CO2vith imagesfrom Kuhlmann et al., 2018, SMARTCARB
TNO CO2-km resolutioninventoryfor 2015

Inverse modeling of the

atmosphericchemistry
and transport

Estimateof the emissions
with propagation of
measurements
modellinguncertainties

XEO; signal (ppm)

0 0.0010.004 002 01 02 05 1 2 L] 20 1000
Emission CO2 FF [kTon/vr]

Power plants

Plumedetection & inversion:image segmentation, computation of flux in plume, of flux
divergence in image, mass balance, use of sinpdigsiapor complex(Lagrangian
Euleriar) models 1A,simplified(e.g.linearcoeff) vs. fullchemistryschemeX

www.world-emission.com
© 2025 World Emission| All rights reservec
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Enhancing pollutant and greenhouse gas emission
inventories using satellite data

WorldEmissic

Temporalrepresentativity and extrapolation of theestimatesfor local sources
= Estimateof CH4
g 4 ] | ] and NOx point
T 80 X { sources in the ESA
g * % World Emission
2 o 1 = web interface

Estimateof the CH4emissiondrom Korpezhecompressoy

source:Lauvauyet al., 2022, Sciences v
2020 2021 47/08/2021

2022

Limited revisit frequency gapsin local images,poor atmosphericconditionsfor plume detection/ inversion limited number of
suitableimagesfor a givensource,which canbe intermittent or highlyvariable

A Seriesof instant emissionsestimates(temporalrepresentativityof plumeimages few hoursmax)

A Temporalextrapolation accountingfor the variableaccuracyof instantestimates(atmospheriaconditions,SNRimagesgapsX)

A Procesf averageimagesihtime averageemissionsoverfew dayto 1-yearperiods www.world-emission.com
© 2025 World Emission| All rights reservec



Enhancing pollutant and greenhouse gas emission
inventories using satellite data

Quantification of the surfaceemissionspasedon satellite images of
the concentrations:global andregionalmapping of theemissions

WorldEmission

PN, T e
o/ T (55 6 s A Generalizatiorof the conceptillustrated
, 0y ;.m.“-"% P ¢ Fa g at localscale
Ee S wite L Andysion T ¥ ey B i i i
£ g8 H.,\.PT;,%:‘. local paterns. ‘.""fi ‘ i i I I‘bana_lly_ssof the_concentratlonmultl—scale
tongeniii) ”'”;, — f‘?_".‘_- p eGSR variations using global / regional
zamjaﬁtsof largescale e s R - atmosphericchemistrytransport inverse
] ~ variations . imilati . )
;. ;ff (Ta e ariati assimilation correctﬁlon {EC@”Q modelllng
Fean & S, —— < = [l §
‘{.' > - K Z . . . .
' ~i A Limitsof the "top-down" info: gapsin the
M CBharapnd | P oors . . . . . .
CRES RER o e T obs field and footprint in emissionfield,
Brugsl. 0N I Moo R e : needto filter errorsfrom obs& model
oot o ‘ LN . R Sl A Need for full timeseries/ maps for
: Nt I B3 2 monthlyto annual regionalbudgets
T R s N a5t . b use of "prior bottom-up" information:
A O L A L griddedinventories

TROPOMI CH4 totedlumnson Sep 21 2024, source:

CH4emissionsn Europeprior and posteriorestimates
https://mpc-12.tropomi.eu/maps.html

from an inversiorassimilatingTROPOMCH4 data

www.world-emission.com
(23/08/2019); source: ASicsikPare, ESA SMAIRH4
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Enhancing pollutant and greenhouse gas emission
inventories using satellite data

WorldEmission

Scalingand extrapolation of the correction to therior emissionestimates

1900
0.100
700N - ) TR 7 BRI ik
— =N ‘ | ;}S 1Ty o~ 0.075
= 1880 > e I |
s o 2.
- . < = 7 }’/ 10.050
b - E = h
D°N . 21 Ny s : E:a %‘ e :m&_’___,:m—}‘__‘ —
“"},... ?} gy 5 T .,.f‘i =< “—‘ ] 5
S _ g ¥ Spatial e b O 1860 % 'z Spatial™ b r—\kJ 0025 5
CH4emissionsn Europe: corrections to a %:‘extrapolatlong_ e },L.. ) ?_ By extrapolatlon & %4 )__ AL s Q
prior estimatefrom an inversiorassimilating i: ) %Ksﬁeng s & A oy T f } 5 Strong Sma Ceate, {0000 €
-V A h! T [ ey @
TROPOMCH4 data (23/08/2019); source: A. s L g /J@ rech " corrections. - £
SicsikPare, ESA SMARH4 1840 stiont - - 1-0.025 &
o
1 —0.050
40°N 1820
-0.075
-0.100
1800

Correctionsto / scalingof the prior emissionestimatein the satellite "footprint":

[H asafunctionof the relativeweightof uncertaintiesin bottom-up andtop-down info in statisticalinversions
b full fit to the satelliteobservationdn "massbalance"approach

b the lackof correctioncanbe dueto consistencypetweenTDandBUinfo or to lackof robustinfo from satellite

Spatialandtemporal extrapolations assumptionnthe correlationsof uncertainty in BUemissionestimates

www.world-emission.com
© 2025 World Emission| All rights reservec



Enhancing pollutant and greenhouse gas emission
inventories using satellite data

Need forknowledgefrom 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

. B K & & E B B
. .. - : -

ion ) and road
transport k).

Usualassumptiongor extrapolationin atmospherianversionsggenerally
['H conservativeweakextrapolation
[H or simple isotropi homogeneouscorrelationsdecreasingwith distance
andtime, correctionsto parametersunderlyingsimplifiedinventorymodel

......
mmmmmmm

- | b Shouldthe heterogeneoussourceof info on the emissionsfrom the satellite
if:j . footprints (with variableuncertaintieg be handledby the BUcommunity ?

hagl, i, ' Needof exchangesf information between the inventory compilers(agencie$

W owm m
Camslation lngih o] Camalasan lang k]

Figure 5. Derived comelation lengths for (4} 8 European proxy map of total population density and {b-d) moad transport proxy maps,

e L L S andinversemodelers interactions,work in synergy
Analysisof the statisticsof uncertaintiesin emission
inventories in the frame of the H2020 CoCO2 atdlurope
CORSQrojects. Figuredrom Super et al., 2024, GMD Www.world-emission.com

© 2025 World Emission| All rights reservec
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Enhancing pollutant and greenhouse gas emission
inventories using satellite data

Relativeweight of the bottom-up and topdown
Information in atmosphericinversions

Statisticalatmosphericinversions not purelytop-down

Extrapolationof the purelytop-down estimatesoutsidethe satellite
footprints

U indicesof the level of top-down constrain in the products to
improve the feedbackson inventories

o

o

© O O

o

statistics of posterior vs. prior uncertaintiesin statistical
inversionsoften difficult to derive

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

test of sensitivitiego the prior estimate

joint-analysisof the corrections
evaluationagainstindependentdata,inventories

detailed explanations/ clarity / transparency

U needfor stronginteractionsbetweendata providersand users

0.100
bl el ool e
T T

e ] -~ 0.075
= 4 i
P T %, |
= : J : ; 0.050
v *"‘:"‘»,;f : P -
- 7 [
Py T A - | =
% =7 i b A3 0025 5
iy Cop o o g
= e 2
-, = ) \ .
VS ¥ i |
) 5 > & ! SHiC e o000
< Y - £
< {-0.025 g
]
{-0.050

N ; - -

v -'—-- . f =

- "/’-V

/ 51 s
3 5, = -0.075

Ll S |

o ! L=

—0.100
X

Posterior - prior
CH4emissionsn Europe: corrections to jgrior estimate

from an inversiorassimilatingTROPOMCH4 data
(23/08/2019); source: ASicsikPare, ESA SMARH4

www.world-emission.com
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Enhancing pollutant and greenhouse gas emission

inventories using satellite data

Atmosphericinversion systems an@roductsin ESA World Emission

Species

Local sources (point
sources, hotspots)

Regionalsources &
mapping

Global mapping

CO2

Crosssectional fluxapplied
locallyto OCG2/3 plume
transects

Derivationfrom regional
NOx and CO inversions
andemissionratios from
inventories

CH4

Hybridinversion ofLagrangian
modelwith mass balance
approachappliedlocally to
imagesfrom different sensors
incl. TROPOMI

Regionaktatistical
inversionsassimilating
TROPOMbbs

Statisticalinversion
assimilatingGOSAT
and TROPOMibs

{0]

Regionaktatistical
inversionsassimilating
MOPITT and TROPOMI

obs

Statisticalinversion
assimilatingMOPITT
obs

NOx

SO2

Divergence or patterranalysis
appliedlocallyto annual/
monthly meanto daily

TROPOMI images

Regionaktatistical
inversionsassimilating
OMI and TROPOMibs
(potentially S4, GEMS,

TEMPO, GOSAGW)

Hybridmass balance
inversionapproach
appliedto TROPOMI
obs

NH3

CH3OH

C2H2

C2H4

Mass balanceppliedlocally to
mean(supersampled IASI
images

Mass balanceppliedat
regionalscaleto mean
IAS| images

Hybridmass balance
inversionapproach
appliedto IASlobs

A

To

o o o e

Flexible portfolio of systemssuited to the satellite datasets to the
targetedsourcesandscales

Varyingtemporal coverageof the products
' manystartin 2019(start of TROPOWMhighquality datasetg
b Inall casesroutine estimates regularextensionto recentyears

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

Detaileddocumentation ATBD
Evaluationvs independentdata,inventories) validation report

Regular updates (improvement expansion) systems (parameters
approachesspatial/temporalsectoralresolution), satellitedata

b checkingandassimilatinghew satellite datasets

[H newtargets, in particular(in phase3): seashippingemissions

b versioningupdatesof ATBDandvalidationreport
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CH, point -source emissions

Approach Overview A Simulated plumes are generated for each detection using the Coverage (Current Versionb
HYSPLIDagrangiamarticle dispersion model with GFS

Satell.ite Datasets meteorological data. Spatial Coverfage

Sentinei5P: TROPOMI A The final emission rate is calculated by normalizing the Global (subject to cloud cover)

(Operational L2 data V02.05.00) simulated plume flow rate with the ratio of enhancement

between the actual observation and the simulation. Temporal Coverage
Detection Threshold Automated detect 4 simulation of meth | Daily, 20192022
10 tons per hour ttomated detection and simfation of methane piimes (to be updated until 2024)

S5P image Detected plume(s) — Associated HySplit simulations o
b

Quantification Methodology

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

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

Scientific Highlights

In collaboration with other
scientific partners, used a dense
time-series of supeemission
events to quantify a prolonged
methane leak in 2023 from a well
blowout in Kazakhstanisaraturun
East oil field: 128 kt (+86 kt)

www.world-emission.com
© 2025 World Emission| All rights reservec



V4
“\

WorldEmission

Approach Overview

Satellite Datasets

Sentinel5P: TROPOMI
Suomi NPP: VIIRS (for prior)

Quantification Methodology

A

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

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

KAYRROG

Identification of potential methane sources Linear combination of simulateghotential sources

Methane Concentration
e
High

Low

Enhancing pollutant and greenhouse gas emission

inventories using satellite data

CH, regional inversions

Observe actual methane concentrations using TROPOMI
satellite data.

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

Determine the bestit coefficients for each potential source in
the linear combination, which represent the methane emissi
flux rates for each source.

-
= Y <
-
N
O coal mine Methane concentration

observed on 2019-05-06

the

DN

Coverage (Current Version)

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)

Scientific Highlights

With BNPP, modelled the methane
intensity of O&Qupstream
activities based on basievel
methane measurements &
country-level production data

www.world-emission.com
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inventories using satellite data
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NO, point -source emissions

Satellite Dataset
Sentinel5P: TROPOMI

Quantification Methodology
Flux divergence:ES=Hi C I 5
A Spatial derivative is very sensitive
to strong gradients> detection
and quantification of point sources
A Prerequisite: Steady state

Spatial Coverage

Global (except high latitudes) Catalogof NOx point source emissions (v2):

A 1139 point sources identified world wide
Temporal Coverage A Top 10: all related to coal burning
Annual means, 2033021 A Rank 2: Secunda CTL daglifier, South Africa

(missing in power plant database and in EDGARY!)
A Germany: lignite & coal power plants: good agreement to PRTR
~0.03t0 0.11 kg/s (NOx)

- . Phase 3
urther details: A ) ) ) )
Beirleet al., ESSD, 2023, Continuation of time series

A A Towards higher temporal resolution (monthly, daily?):
https://doi.org/10.5194/essd15-3051-2023 heck f g P ( Y y?) www.world-emission.com
Check for steady state © 2025 World Emission| All rights reservec

Detection Limit



