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Abstract

Background and Objective: Monitoring greenhouse gases, particularly methane, is increasingly
important due to its critical role in climate change and global warming. After carbon dioxide,
methane is the second most significant anthropogenic greenhouse gas, with a 20-year global
warming potential approximately 84 times that of CO,. Accurate identification of emission
sources and continuous monitoring from local to global scales are essential for developing
effective mitigation strategies. Two primary approaches exist for methane monitoring: the
bottom-up approach, based on local measurements, and the top-down approach, which relies on
remote sensing data and inverse modeling. The top-down approach has gained prominence due
to its wide coverage and ability to monitor emissions over large areas, especially in regions with
limited ground-based data. This study provides a comprehensive review of remote sensing
technologies and sensors used in top-down methane monitoring, evaluating the principles,
advantages, and limitations of both airborne and satellite systems.

Materials and Methods: In this systematic review, peer-reviewed sources from 1990 to 2025 were
analyzed to assess advances in remote sensing technologies for methane, including thermal
infrared, shortwave infrared, and LIDAR, considering spatial accuracy, sensitivity to atmospheric
conditions, and operational constraints. Historical satellite missions for methane monitoring were
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also reviewed, highlighting the complementary role of airborne platforms in detecting point
sources and validating satellite observations.

Results and Discussion: The results indicate that remote sensing technologies, particularly
shortwave infrared and LIDAR systems, are effective tools for large-scale methane monitoring.
Spectral technologies in thermal and shortwave infrared bands provide high spectral sensitivity,
enabling methane detection and concentration estimation; however, spectral interference from
water vapor and CO, can reduce measurement accuracy. In contrast, LIDAR offers higher precision
through direct measurement and three-dimensional data generation, although high costs and the
need for advanced equipment remain significant limitations. One of the major challenges in
satellite-based methane monitoring is the low spatial and temporal resolution of sensors, which
limits the detection of small point sources, such as minor leaks from oil and gas facilities.
Additionally, atmospheric conditions—including cloud cover, aerosols, and water vapor—can
absorb or scatter infrared radiation, further affecting measurement accuracy. To improve results
and reduce errors arising from inverse modeling and atmospheric variability, the integrated use
of multi-source data from satellite, airborne, and ground-based measurements is recommended.
Such data fusion increases accuracy and spatial resolution, enabling a more comprehensive and
precise assessment of methane emission sources.

Conclusion: Top-down methane monitoring using remote sensing data, particularly from satellite
and airborne platforms, plays a pivotal role in global emission surveillance and assessing climate
impacts. Technologies such as shortwave infrared, thermal infrared, and LIDAR facilitate the
identification of emission sources, concentration estimation, and large-scale monitoring. Despite
challenges related to spatial and temporal resolution, atmospheric effects, and modeling
complexity, the development of advanced sensors, improved radiative transfer models, and
machine learning-based data processing can enhance monitoring accuracy. Moreover, integrating
multi-source datasets and optimizing analytical algorithms opens new avenues for precise
methane source detection and supports the implementation of more effective greenhouse gas
mitigation policies.

Keywords: Greenhouse gases, methane monitoring, remote sensing, top-down approach
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GHGSat/ GHGSat GHGSat. Inc 2016 09:30  1600-1700 nm  0.05 x 0.05 KM2 Jervis et al., 2021
TROPOMI/S5P ESA-NSO 2017 13:30  2310-2390 nm 5.5 x7KM2 Cheng et al., 2024
GMI/GaoFen-5 CNSA 2018 10:30  2145-2365nm  10.3 x 10.3 KM2 Xiao et al., 2018
TANSO-FTS-2/GOSAT-2 JAXA 2018 13:00 1630-1700 nm 9.7 x 9.7 KM2 Imasu et al., 2023
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TES/AURA NASA 2004 13:30/01:30 7580-8850 nm 5 x § KM2 Clerbaux et al., 2008
IASI/METOP-ABC EUMETSAT 2006 09:30/21:30 7100-8300 nm 12 x 12 KM2 August et al., 2012
CrIS/ Suomi NPP NOAA 2011 13:30/01:30 7300-8000 nm 14 x 14 KM2 Fuetal., 2016
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