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Introduction
Methane (CH₄) is a powerful greenhouse gas with a global warming potential significantly higher than that of carbon dioxide over a 100-year period. One of the major anthropogenic sources of 
methane is municipal solid waste (MSW) landfills, where organic waste decomposes anaerobically, releasing methane as a byproduct. In Greece, emissions from large landfills contribute notably to 
national greenhouse gas (GHG) levels. This study employs high-resolution satellite observations from the TROPOspheric Monitoring Instrument (TROPOMI) sensor onboard the Sentinel-5P 
mission to monitor and map methane emissions from three distinct landfill sites in Greece. Additionally, a comparison is presented between TROPOMI-derived methane data and column-averaged 
dry-air mole fractions of methane (XCH₄) retrieved from the EM27/SUN spectrometer—a ground-based, low-resolution Fourier Transform Spectrometer operating under the Collaborative Carbon 
Column Observing Network (COCCON). These ground-based observations were conducted at a mid-latitude urban station in Thessaloniki, Greece.

Fig. 4. Comparison of bias-corrected XCH₄ product from TROPOMI with EM27/SUN FTIR XCH4 data. Left panel: 
time series comparison. Right panel: scatterplot comparison with least-squares regression line (red).

Since 2019, the Laboratory of Atmospheric Physics at Aristotle University of 
Thessaloniki, Greece, has been operating an EM27/SUN FTIR spectrometer, 
providing continuous methane concentration measurements for the Thessaloniki 
area.
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Fig. 5. Daily corresponding TROPOMI S5P XCH₄  overpass data over 
Thessaloniki LAP-AUTH covering the period from May 2018 to 2024.
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• Major landfill sites in Greece (Mavrorachis, Larissas, Ano 
Liosia) are significant sources of methane emissions. The 
Ano Liosia landfill, the main sanitary landfill serving the city 
of Athens, home to approximately 5 million people, 
consistently exceeds background methane concentrations 
in the surrounding region. 

• Over the study period, the Ano Liosia site exhibited a mean 
methane concentration of 1896.20 ± 25.59 ppb, 
representing an enhancement of ~19 ppb relative to the 
regional background (100×100 km area).

• Satellite-based observations from TROPOMI have proven 
effective in detecting and monitoring methane emissions 
over landfill areas.

• Ground-based measurements in Thessaloniki, Greece, from 
the EM27/SUN FTIR spectrometer show strong agreement 
with satellite-data derived from TROPOMI, confirming the 
robustness of combined observation techniques with a 
mean related bias of just 0.07%.

Current Methane Concentration Levels over Greece

Fig. 1. Average XCH₄ concentrations for 2024 over Greece from TROPOMI 
S5P. Upper panel: Jan–Jun, lower panel: Jul–Dec. 

Methane concentrations over Greece reached 1900 ± 25 ppb in 2024, 
with an average increase rate of 2.33% covering the period from May 
2018 to 2024. Methane exhibits a seasonal cycle, with minimum 
concentrations typically observed between January to June, and 
increasing values from July to December. Peak levels are usually recorded 
during the October–December period, likely associated with seasonal 
variations in atmospheric hydroxyl radical (OH) concentrations.

Methane monitoring over major Landfill locations in Greece

In Greece, the primary sources of methane 
emissions are agriculture and landfills. 
Methane concentrations at landfill sites 
such as Mavrorachis, Larissas, and Ano 
Liosia frequently exceed the surrounding 
regional background levels.
The Ano Liosia landfill, in particular, 
consistently records methane levels above 
the monthly mean of the surrounding 
100×100 km area throughout the 
observation period. This site is among the 
largest active landfills in the Balkans, 
making it a significant point source of 
methane emissions in the region.

Fig. 2. Time series and spatial distribution of methane (XCH₄) over major Greek landfills within a 20 
km radius covering the period from May 2018 to 2024. Left panels: Time series of monthly total 
column CH₄ concentrations over the landfills of Mavrorachis, Larissas, and Ano Liosia. Right panels: 
Daily corresponding TROPOMI S5P overpass data visualized for the respective landfill locations.

Fig. 3. Methane plumes detected by NASA's EMIT 
instrument over Ano Liosia and the Mavrorachis landfills. 
Data source: Carbon Mapper.
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