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U)==" & Satellite XCO2 and XCH4 retrievals
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See also: https://climate.copernicus.eu/esotc/2024/trends-climate-indicators
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W)==" & Satellite XCH4 retrievals
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Atmospheric concentration of methane globally Atmospheric methane as measured by satellites
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See also: https://climate.copernicus.eu/esotc/2024/trends-climate-indicators
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U)==" & Satellite XCO2 retrievals

Atmospheric concentration of carbon dioxide globally

- NMonthly values Average Increase (w.r.l. previous year):
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See also: https://climate.copernicus.eu/esotc/2024/trends-climate-indicators
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XCO2 and surface CO2 growth rates ...
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See also: https://climate.copernicus.eu/esotc/2024/trends-climate-indicators
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UJ===" & Emission estim. algos for localized sources

Gaussian Plume Local mass balance Gauss’s theorem
NIST Interagency Report
NIST IR 8575
Common Practices for Quantifying %74 o ——[/ @ —.—.U
Methane Emissions from Plumes
Detected by Remote Sensing & "ﬁ’
Coltaborative report of CEQS, NPL, NIST, and [BNL u'.& L
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Integration of column enhancements times wind speed along transects perpendicular to wind / plume direction

. AY  ofh] = AQ[Ykm?] * Ay[km] * U[km/h]

|J Emission ~ Column enhancement * Wind speed



https://doi.org/10.6028/NIST.IR.8575

W)==" & TROPOMI/S5P XCH, & methane emissions

Schneising et al., AMT, 2023

Advances in retrieving XCH4 and XCO from Sentinel-5 Precursor:
improvements in the scientific TROPOMI/WFMD algorithm

Oliver Schneising, Michael Buchwitz, Jonas Hachmeister, Steffen Vanselow, Maximilian Reuter,
Matthias Buschmann, Heinrich Bovensmann, and John P. Burrows
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Available from:

https://www.iup.uni-bremen.de/carbon _ghg/products/tropomi_wfmd/
https://climate.esa.int/en/projects/ghgs/
https://catalogue.ceda.ac.uk/

Schneising et al., ACP, 2020

Remote sensing of methane leakage from natural gas
and petroleum systems revisited

Oliver Schnelsing, Michael Buchwitz, Maximilian Reuter, Steffen Vanselow, Heinrich Bovensmann, and
John P. Burrows

Institute of Environmental Physics (IUP). University of Bremen FBI, Bremen, Germany
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https://www.iup.uni-bremen.de/carbon_ghg/products/tropomi_wfmd/
https://climate.esa.int/en/projects/ghgs/
https://catalogue.ceda.ac.uk/

U)==" & Potential persistent emission hotspots

Emission estimates based
on TROPOMI/S5P WFMD .

v1.8 XCH4 retri

balance method:

-
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Automated persistent hotspot detection, quantification,

evals & mass | Madrid .
and source type assignment based on monthly data
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UJ =" & Emissions: Cross-Sectional-Flux (CSF) algo

Level 1 (L1) ‘ EnMAP PRISMA EMIT ‘ S5p CO2M Satellites
Optional v L1->12 v v ¥
v HiFi (3 optional methods) ~ (*) WFMD Operational Retrievals
: : Product
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Plume :
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-

Target External
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L2e -> L4
Emission Estimates Level 4 (L4)
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Methane emission estimates: CSF method
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Methane enhancement retrievals:

» Three methods under development (,HiFi“)

« Differ primarily w.r.t. forward model F & measurement error
covariance matrix S¢

* PhysicsF (PF) (low order ,DOAS polynomial® e.g. for surface
reflectivity, ...)

* Principal Components Analysis (PCA) (PCs instead of
polynomial)
* Matched Filter (MF) (e.g., no polynomial but Se from image)

Methane emissions: CSF algorithm
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European localized emission sources
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CSF method applied Comparisons of landfill emission estimates:

to EnMAP and EMIT
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CLIMATE
50 Controlled release Phase 1 (Jan-Mar 2025) Casa Grande, AZ, USA
" | @ All-HiFi-MF/CSFV1.6 (+/- 10) 2024 — 2025 Methane
.~ PRISMA Controlled Releases
[] EnMAP
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Estimated methane emission [t/h]

& 2%-Feb
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Difference (estimated - true) [t/h]:
All: -0.10 +/- 0.25 (R=0.78, N=16)
i Good(QF=0): 0.01 +/- 0.14 (R=0.94, N=10)
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Released methane (true emission) [t/h]

Single-blind test: «  Satellite-derived emissions submitted in April 2025
« ,True emission® information provided in May 2025




W==" &  Summary & conclusions

« TROPOMI/S5P WFMD XCH, data product:

« WFEMD v1.8 product (Schneising et al., 2023) used to identify
emission hotspots (Vanselow et al., 2024)

* Improved WFMD v2.0 XCH4 and XCO product available
(https://www.iup.uni-bremen.de/carbon_ghag/products/tropomi_wfmd/)

* Methane emission estimates via S5P and Hyperspectral Imagers:
Cross-Sectional-Flux (CSF) algorithm

First results from S5P, PRISMA, EnMAP, EMIT

Emission estimates European localized sources (EYE-CLIMA)
Detailed comparisons within MEDUSA (ongoing)

Participation Stanford-Michigan Controlled Releases 2024/25
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