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Abstract.

Methane emissions from the oil and gas (O&G) industry play a major role in the global methane budget. The MethaneSAT
space-based mission, which operated between March 2024 and June 2025, was designed to provide high-quality data on O&G
methane emissions, from regional fluxes to high-emitting point sources. This was enabled by MethaneSAT’s high spectral
resolution (0.25 nm), medium spatial sampling (100x400 m? at nadir), and wide-area coverage (about 200 km at nadir). In
this work, we showcase the potential of MethaneSAT to survey high-emitting point sources across O&G basins. We first
assess MethaneSAT’s performance for the detection, quantification and attribution of methane plumes through the analysis
of key observation-related parameters, including wind speed, surface albedo and spatial sampling. We estimate a minimum
detection limit of about 500 kg/h for a bright surface and low wind conditions, and an average detection limit around 1300 kg/h
corresponding to an ensemble of sites with different observation conditions. We analyzed selected MethaneSAT datasets from
the main O&G methane hotspots in the world. We observe particularly strong and persistent sources in the Turkmenistan’s
South Caspian basin and in the Midland sub-basin of the U.S. Permian Basin, and reveal major super-emissions in Maturin
(Venezuela) and Zagros Foldbelt and Widyan (Iran), and the Appalachian basin. We also present other examples of strong
methane sources at high latitudes (West Siberia), in offshore platforms in the Gulf of Mexico, and from the waste sector. Our
results illustrate the potential of MethaneSAT data to map methane emissions from hotspot regions and super-emitters around

the planet.

1 Introduction

Methane (CHy) is a short-lived but powerful greenhouse gas, responsible for approximately a third of the global warming
observed since preindustrial times (IPCC, 2021). The oil and gas (O&G) sector is a major contributor to anthropogenic methane

emissions globally (Saunois et al., 2025). A substantial share of O&G methane emissions are caused by high-emitting point
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sources, also known as super-emitters, commonly due to leaks, venting, and incomplete combustion at flares (Zavala-Araiza
et al., 2017). These emissions are very often preventable. The O&G sector represents therefore a cost-effective and immediate
target for emission reduction.

Satellite remote sensing has rapidly expanded our ability to operationally detect and quantify methane super-emitters around
the globe. For example, the International Methane Emissions Observatory (IMEO) is compiling a satellite-based publicly-
available database of methane plumes and local enhancements, which has become an important asset in our understanding
of global point-source methane emissions (UNEP-IMEO, 2023). Despite these advances, however, current methane-sensitive
satellite systems trade off between detection sensitivity, spatial resolution, and regional coverage, compromising their ability
to simultaneously assess both high-emitting point sources and diffuse emissions at basin scale (Jacob et al., 2022).

The Sentinel-5P/TROPOMI mission offers global daily revisit at the expense of a relatively coarse spatial resolution of
7x5.5km?. TROPOMI is being used for the estimation of total regional fluxes through the inversion of atmospheric transport
models (e.g. Zhang et al., 2020; Varon et al., 2023). TROPOMI has also potential for the systematic detection and monitoring
of very large point sources (Lauvaux et al., 2022; Schuit et al., 2023) as well as to identify regions with persistently-enhanced
methane concentrations (Vanselow et al., 2024). However, the detection and attribution of single plumes with TROPOMI is
limited by the mission’s relatively coarse spatial sampling.

An increasing number of high-resolution satellite instruments are being used for the detection and quantification of single
point sources (Jacob et al., 2022). These instruments, also known as point-source imagers, include imaging spectrometers
such as GHGSat, PRISMA, EnMAP, EMIT, and Carbon Mapper’s Tanager-1 (Varon et al., 2020; Guanter et al., 2021; Roger
et al., 2024b; Thorpe et al., 2023; Duren et al., 2025) as well as multispectral missions such as Sentinel-2 and Landsat (Varon
et al., 2021; Gorroiio et al., 2023; Vaughan et al., 2024). These missions have enabled large-scale surveys of methane point
sources across different O&G basins, including the Permian-Delaware sub-basin (Irakulis-Loitxate et al., 2021) and Turk-
menistan’s West coast (Irakulis-Loitxate et al., 2022b), which are arguably two of the regions with the highest concentration
of high-emitting point sources around the world. Conversely, these methane-sensitive high-resolution missions have low or no
sensitivity to the diffuse component of the emissions and the overall background methane gradients. Also, they have a limited
spatial coverage, either by design (the case of imaging spectrometers), or by the fact that the plume detection process can in
general only be applied over pre-selected areas or sources (multispectral instruments) (Vaughan et al., 2024). This causes that
multiple overpasses of these missions, sometimes over long time periods, are needed to characterize the emissions from an
entire region, where only individual plumes are sampled.

MethaneS AT, a satellite mission developed by the Environmental Defense Fund and international partners, was designed to
fill the gap in spatial coverage and sensitivity that we find in the current landscape of methane-sensitive missions. Methane-
SAT’s ability to monitor 200-km swaths at medium spatial resolution and with a high spectral sensitivity allows to link in-
dividual sources to broader regional trends in methane concentration gradients, thereby enhancing the monitoring of sectoral
emissions and informing mitigation efforts. It also enables the identification of super-emitting regions, not just isolated point

sources, within entire oil & gas basins.
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In this work, we first evaluate the potential and limitations of MethaneSAT for the detection and quantification of methane
plumes from point sources. Second, we exploit the existing archive of MethaneSAT observations over O&G basins between

May 2024 and June 2025 to investigate methane super-emissions across methane emission hotspots around the world.

2 Materials and Methods
2.1 The MethaneSAT mission and its data products

The MethaneSAT mission was designed to generate high-quality data on methane emissions around the world, with a focus
on the O&G and agricultural sectors. It was launched on 4 March 2024, and stopped its operation on 20 June 2025 after
contact with the satellite was lost. MethaneSAT consisted in a dual spectrometer system measuring in the 1249-1305 and
1598-1683 nm spectral windows with a spectral resolution of 0.25 nm and a spectral sampling of 0.08 nm. During observations
from nadir, a 200-km swath was covered by 2048 x 560 pixels, with a rectangular pixel size of 100 m (across-track) and 400 m
(along-track) (Environmental Defense Fund, 2021).

This instrument configuration enables the generation of accurate methane concentration maps (namely, dry column methane
mixing ratio, XCH,) from spectral radiance data cubes, which are MethaneSAT’s Level-1 (L1) data product (Conway et al.,
2024). The CO,-proxy XCHy retrieval, described in Chan Miller et al. (2024), is used to generate XCH,4 maps at the native
sensor coordinates (L2 product). The L2 product is converted in a L3 product (data in map coordinates) after oversampling on
a regular latitude/longitude grid, following the approach by Sun et al. (2018). XCH,4 maps are subsequently converted into a L4
methane emission data product, which is split into total regional emission data (spatially-distributed emission rates across the
>200-km area at a 4-km sampling) and point source emissions (emission rates and coordinates of the methane plumes detected
from each acquisition). The latter is referred to as L4-plume product hereinafter in this work.

Plumes are detected and masked through automatic data processing methods. The first version of these methods relied
on methane concentration thresholds to detect and segment the plumes, but more sophisticated methods consisting in data
denoising and different criteria for plume detection and masking (including concentration, plume shape and wind direction)
were implemented later (Zhang, Z., et al., 2026). The plumes detected by this automated processing are quality-controlled by a
human before becoming public. Point-source emission rates are estimated from the detected plumes using an evolution of the
methods described in Chulakadabba et al. (2023) for MethaneAIR, which is MethaneSAT’s airborne precursor. These methods
rely on mass-balance models. In particular, the DI-growing box method used for the quantification of MethaneSAT plumes
applies Gauss’ divergence theorem to estimate methane emissions by integrating methane flux divergence within expanding
boxes that enclose the plume, eliminating the need to define inflow concentrations. By averaging methane gradients with wind
vectors around the plume, it is well suited for larger or clustered sources but less sensitive to small point emitters. This method
has been validated for Methane AIR by controlled release experiments (El Abbadi et al., 2024).

An example of a XCH4 map from a MethaneSAT L2 XCH,4 product and the corresponding L4-plume dataset are represented
in Fig. 1. A subset of a TROPOMI XCH,4 map from a dataset acquired within 70 min of the MethaneSAT acquisition is






