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Space-based detection and quantification of 
methane super-emitters: a global overview and a 

case study investigating large emissions from 
surface coal mines

This research has been funded in the framework of UNEP’s International Methane Emissions Observatory (IMEO).
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Why is methane important?

“while the existing potential to reduce methane 
emissions varies considerably by sector and by 
mitigation level, if deployed in parallel, they can cut 
anticipated methane emissions in 2030 in half, with a 
quarter of total emissions reduced at no net cost.”

Ocko et al. 2021
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Methane hotspot detection using TROPOMI

Super emitter characterization
(Activity and Quantity)

Parallel efforts using inversions

Source location estimate 
using wind-rotated 

TROPOMI data

UNEP-IMEO Methane Alert Response System
(Targeted measurements using PRISMA, EnMAP, 

Sentinel-2, Landsat)

GHGSat
(Targeted 

measurements 
using the GHGSat

constellation)

Image source: UNEP-IMEO (Accessed via : www.unep.org) 

TROPOMI-detected methane plumes for 16/03/2024-22/03/2024

Daily ML-based plume detections

Weekly plume detections available at:
https://earth.sron.nl/methane-

emissions/
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Methane hotspot detection using TROPOMI

> Daily ML-based detections using TROPOMI 

methane data (Schuit et. al 2023)

> Estimated source location & quantification

> Manual verification every week

> Weekly plume maps are available at: 

https://earth.sron.nl/methane-emissions/

TROPOMI-detected methane plumes for 16/03/2024-22/03/2024

https://earth.sron.nl/methane-emissions/
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Methane hotspot detection using TROPOMI

Source location estimate using wind-rotated TROPOMI data

Figures adapted from Maasakkers et al., 2022 
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Methane hotspot detection using TROPOMI

Super emitter characterization
(Activity and Quantity)

UNEP-IMEO Methane Alert Response System

(Targeted measurements using PRISMA, EnMAP, Sentinel-2, Landsat)

GHGSat

(Targeted measurements 
using the GHGSat

constellation)

Image source: UNEP-IMEO (Accessed via : www.unep.org) 

> New hotspots communicated to IMEO and GHGSat every three weeks

> Use targeted high-resolution instruments to pin-point source locations

> IMEO additionally engages with stakeholders

> Mitigation of methane emissions at detected hotspots

Tip and Cue
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Added capabilities of using high resolution instruments

Sentinel-3

JPSS (VIIRS)

Sentinel-2

Jong et al. 2024
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Persistent methane hotspots detected using TROPOMI data categorized into potential source-categories

Persistent methane hotspots detected using TROPOMI data categorized into potential source categories
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Methane hotspot detection using TROPOMI
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Sadavarte et al. 2021

> The study, using TROPOMI observations (2018), 
quantified unexpectedly high emissions at the 
Australian Hail Creek surface coal mine

> The study highlighted a significant discrepancy with 
bottom-up emission estimates, especially for the 
surface coal mine

Parallel efforts using inversions

Sadavarte

bottom-up
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Case study of the Kazakhstan Coal Mine

Bogatyr, Severny & Vostochny Coal Mines

> Operating since 1979

> Combined, the three coal mines account 
for more than ~45% (~60Mt) of 
Kazakhstan’s coal production 
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Case study of the Kazakhstan Coal Mine

> A persistent source with frequent 
emission detections in TROPOMI data 

Bogatyr, Severny & Vostochny Coal Mines

> Operating since 1979

> Combined, the three coal mines account 
for more than ~45% (~60Mt) of 
Kazakhstan’s coal production 
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Case study of the Kazakhstan Coal Mine

> Emissions are also frequently detected 
in GHGSat observations

GHGSat on 28/06/2021

> A persistent source with frequent 
emission detections in TROPOMI data 

Bogatyr, Severny & Vostochny Coal Mines

> Operating since 1979

> Combined, the three coal mines account 
for more than ~45% (~60Mt) of 
Kazakhstan’s coal production 



16

Case study of the Kazakhstan Coal Mine

TROPOMI 
observation

Bayesian
Inversion

framework

Optimized 
Emission Rate

Simulated 
plumes

Quantifications of TROPOMI detected emissions using Inversions
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Case study of the Kazakhstan Coal Mine

> Emissions rates estimated from TROPOMI observations-based inversions align with reported and bottom-up 
estimates.

> GHGSat observations-based emission rates for 2021 are also consistent with the quantified emission rates

> Expand this analysis to include other large surface mines from which we observe emissions in TROPOMI

UNFCCC
(using country av. EF)

GFEI v2 
(Scarpelli et al. 2022) EDGAR v7 TROPOMI based inversion

Emission Rate 
(t/hr) (2021) 9.9 7.2 8.6 10.9 ± 5.7* 

*Results are preliminary
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Conclusions and Outlook

> The synergy between TROPOMI and high-resolution 

satellites has proven effective for the detection and 

location of methane super-emitters and hotspots.

> Utilizing observations from more high-resolution 

instruments to support hotspot detections and improve 

emission quantification.

Upcoming projects

> MEDUSA: Methane Emission Detection Using Satellites 

Assessment

Intercomparison and validation of methane detection and emission

quantifications across research groups.

(Poster (P2.18) by Ilse Aben & Matthieu Dogniaux)


