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World Emission

FundedunderESB I NI K hoaSNBIFGA2y {OASYyOS F2NJ {20ASdGé& W LILX AO
b novel EO applications to enable European and global international policies for environment and development matte
[Hactive involvement of stakeholders and user communities

Providinga global multiscale EGbased atmospheric pollutant and GHG emission monitoring service
['hleveraging thegrowing number of spaceborne sensaledicated to atmospheric composition
b and thediversification & consolidation of topdown atmospheric transporand chemistry inverse modeling techniques

[Hsupporting theemprovement, development and evaluation of the traditional bottorap emission inventoriesyused by
policy makers to assess and define emission abatement measures
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General Framework of the Service

A Longterm development of complex operational systems Copernicus SrsSrhs oas misions melierng spacty
servicespationalprojectsetc.: needto ensurecomplementarities

A Satellite observationand modelingapproachesexpansion,innovation
'H World Emissionflexible portfolio of adaptiveinversemodelingsystems
0 Coveringoollutantsand GHG

U 10speciescurrently: NOx,NH3, S@, 4 VOCsCO,CHtandCQ2 Global carbon dioxide anc
0 Regulamproduction of global,regional& localemissionestimates methane monitoring, CAMS
o Explorationof the potential of new observations [T —

0 Assessin@gdded value, readiness,needs,requirements of servicein
collaborationwith end-userorganizations(esp Inventoryagencies)

m Grams  CEcwwr  Comessw  esa

ThreephasessinceMarch 2022 (2-year extensionin 2024

Hfrom the core developmentof modeling systemsand portal to the
regularproductionof emissionestimates

—
b Continuationand regularimprovements(robustnessand coverage) SR . § A .
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Satellite observations of

column mean concentrations

Sentinel-4 (hourly)
TEMPO (hourly)
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(once per day)

Constellation of spaceborne UV-vis
spectrometers providing NO2, SO2 and
HCHO observations ; source: CEOS

Global GHG '
Mappers

Observations
from Space

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

A Twomaininstrumentsfor World Emission(currently): TROPOMé&nd IASI
b alsousingOMI (NIVR/FMI) MOPITTICSA)OCQG2/ 3 (NASA/IJPL)TANSGFTYNIES/JAXA)
A Techncal watch on GEMS, TEMPO,CH: high resolution instruments (and anticipation of

upcomingGOSAIGW, Sentinel4, IASING,CQMX)

TROPOMI

(ESA/NSO)

on-board Sentinel -5P

A 2600 km swath, ~1 visit
per day (daytime)

A upto5.5km x 3.5 km
res at NADIR

IASI  (CNES)

A 3instruments (A until
2021, B & C operational)

A on-board Metop

A 2100 km swath, 2 visits
per day / instrument

A 12 km res at NADIR
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TROPOMI spectral range; source: ESA
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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

SO2

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 1
inversion approach
using TROPOMI obs

NH3

CH3O0H

C2H2

C2H4

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 1
inversion approach
using IASI obs

C5H8

Hybrid mass balance 1
inversion approach
using TROPOMI HCHO

A Systems suited to the satellite datasets, to the
targetedsourcesandscales

A Regular updates of the approaches, parameters,
spatial, temporalandsectoralresolution
['H checkingandassimilatinghew satellite datasets

A Evolvingtemporal coverageof the products
H Many start in 2008 (with IASIor in 20182019 (with
TROPOMI)
D routine estimates regularextensionto recentyears

A Regular extension of the spatial coverage (new
regionalconfigurationspoint sourcesetc.)

A Evaluationvs. independentdata, inventories
A Up-to-date documentatiort ATBDyalidation reports
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Local scale analysis : point sources and hotspots

Quantification of VOC point sources based on IASI observations, Simultaneous fit of emissions and lifetimes to the observed
outflow patterns for opposing wind directions to quantify NOx

supersampling and mass balance approach (ULB)

b

CH,OH

e
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8.6 km

Basemap ©2024 Landsat / Copernicus

1.5 2
Franco et al.,
JGRA (2024)

Visakhapatnam
Andhra Pradesh, India
20082021 mean

Quantification of NH3
point sources based on
IASI observations,
supersampling and
Exponentially
Modified Gaussian
plume fitting (ULB)
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megacity emissions based on TROPOMI NO2 data (MPIC)

S5P image Detected plume(s) Associated HySplit simulations

XCH4
[ppb]
2150

CH4
unitm?]
109

Beirleet al.,
AMT (2024)

120

Mean NOx
distribution
depending on
wind direction
for Riyadh in

winter

Automated detection and simulation of CH4

plumes in TROPOMI imagelsgyrrog
Lauvawet al., Science (2022)

0.0 0.1 0.2 0.3 0.4 0.5
NO, VCD [mmol m~2]
26.5625" Sﬁs' E

Mean advection of
NOXx over a coal

liquefier in South Africa *

Beirleet al.,
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Point/local sources catalog , evaluation vs. inventories
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Basin scale CH4 inversions based on TROPOMI #aig1(09: identification of potential
CH4 sources & linear combination of the simulation of their atmospheric signature

Coal extracting basin in Australia [~

—
Methane Concentration
N D Coal mine Methane concentration
) observed on 2019-05-06 ~
Low High
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NOx and CO regional scale
variational inversions for
Europe, Eastern China and
Middle East at 0.5resolution
based on CHEHIMERE and

on TROPOMI & OMI NO2 and « [~

MOPITT CO data (Science
Partners and LSCE)
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Comparisons between CHIMERE simulations and satellite
observations at monthly scale
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Regional and basin scale emission estimates

Series of monthly to annual 0% esolution
maps and national budgets of NOx
emissions in Europe (LSCE/Science Partners)

Monthly climatology
and annual estimates
of regional scale NH3
emissions for 178
regions (ULB)

©esa WORLD EMSEION R e O

Analysis of
the trends

o
»

e \/\ e el Analysis of the impact of COVAIB on NOx
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emissions in Eastern China using the NOx
inversion maps (LSCE/Science Partners)

— Brittany - Pays de la Loire (France)
—— Aragon - Catalonia (Spain)
The Netherlands - NW Germany

Nile Delta (Egypt)
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Central South America
Central African Republic
Westem Africa
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Global scale atmospheric inversions

A NOx,NH3, S, (5H8: simpled & C Difféven@Mass. | f | ynee&idnapproachwith a complexglobal CTM(LMDZINCA)LSCE)
A CO,CH#: variational inversionsusingsimplified chemistry (PYVARLMDZSACSystem)(LSCH/. Tsinghua)

CEDS inventory Satellite -based estimates Impact of COVID  -19 on NOx
a) CEDS (prior) TROPOMI (estimated) emissions in China
; 3 0 e a0 Comparisons with a catalog
- /\ /\1\ . of SO2 point sources from
“U f Fioletov et al. ESSD (2023)

over 2019 -2023

percentage reduction (%)

=
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Portal / interface

@esa WORLD EMISSION

A Dynamical visual interfaceayrrog [ g Ty

A Detailed documentation
A Direct access temission products

World Emission Portal Ex

| |
8. THE QR CODE
M W W= - GENERATOR

Lurkmenistan Tajikista

Gesa WORLD EMISSION
Afghanistan

Aor 1085 ktno,
w,

»
Total Emissions

Satellite observations are combined with
ground-based emission estimates and
computer modelling to provide an enhanced
global emission monitoring service

Pakistan

45,
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Engagement of inventory agencies

A Large attendance of stakeholders inventory agenciesand representativesof other
emissionmonitoring programsto the World Emissioruserworkshops :OURT;

['b promotingthe productsandportal, getting feedbacksand recommendations . S % WSER
A National Inventory Agenciesinvolved in inversioninventory comparisonsled by BSC |

/ WORKSHOP
Spain(MITECQ® Cyprus(Cy), Germany(UBA), France(CITEPAthe Netherland{RIVM) a0

: Umwelt - P
S comme menme . P o ot o bl el
) ! L X - WS- National Institute for Public Healt
“lng> ¥ EL RETO DEHOGRAFICO (oo s Bundesamt w 4 2259 and the Environment
Ministry of Health, Welfare and Sport

5

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

NH, regionalemissions (relative to 2008)

Analysis of NOx point sources Comparisons of monthly budgets of h e R R
in the Netherlands (RIVM) CO2 emissions in France (CITEPA) h
: ] 2 Month-to-month comparison, year 2022 - |) : E :

Overall view

CO2emissions of Total sector

Netherlands
00 ] ] ]
s H H £
0.21g/: 0.056xg/: " d / = o . )
s g E E : Lanan SRS S L A
=== Secten =—e==World Emission -

2014 2016 2018 2020
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Next steps and perspectives

Continuationand enhancementof production, disseminationand engagementactivities
b from crossingestimatesfor different specied scaleso multi-speciesor multi-scaleinversions

b new specifictargets. NOxseashippingemissions, CHl emissionsat facility scalebasedon highresolutionimagers
['H portal enhancement

b further engageusersand stakeholdersto help define technicaland servicespecifications
[H coordinationwith CAMSHorizonEurope,national projects,other Europeanand International entities

The new priorities for World Emission phase 3 (262d26)

/Maritime Transport Emissions\ / Methane emissions \

at facility scale
Support to EMSA Emissions MRV in

the context of the integration of Methane monitoring to provide
maritime transport to EU ETS and information about GHG release and
sustainable fuels establish ESG scoring or commodity
pricing

Shipping related
components of the
European Green Deal

(¥ v N\ ’4{ - Y |
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