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Tracking Methane Emissions Over South Asia: Insights from Satellite Data With a Focus on Bangladesh
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Abstract

Methane (CH.) is a potent greenhouse gas, trapping 28 times more heat than carbon dioxide (CO,). Food and agriculture contribute about one-quarter of global greenhouse gas emissions, with up to 8% originating from South Asia. Bangladesh, with its low-lying topography and 180 million people, produces large amount of CH. during food production.
Annual flooding during the monsoon season affects 20-65% of the country’s land and produces significant amounts of CH. countrywide. Agriculture, which accounts for 41% of the labor force and 15% of GDP, plays a vital role in the global GHG budget, yet Bangladesh's total agricultural GHG emissions, especially CH.’s contribution, remain unknown.
While recent studies have identified some key CH. point sources in Bangladesh using satellite data, emissions from more distributed sources have not been fully quantified. This study explores CH. emissions in South Asia, with a particular focus on Bangladesh, using columnar dry-air mole fractions (XCH.) from the TROPOspheric Monitoring Instrument
(TROPOMI) onboard the Sentinel-5 Precursor satellite. Analyzing six years of data from 2019 to 2024 revealed clear seasonal variation and a consistent year-by-year increase in CH. levels, with a growth rate of 16.1 ppb, closely matching the 17 ppb observed by GOSAT. TROPOMI’s high spatial resolution allowed for the identification of country-specific
features. In Bangladesh, XCH. levels remained high throughout the year, likely driven by emissions from paddy fields, a significant source of CH.. High CH. concentrations were also detected in Dhaka, the capital city. Since 2014, weekly flask sampling of greenhouse gases has been conducted in Cumilla, Bangladesh. Comparing CH. data from 2019 and
2020 between TROPOMI and flask observations showed a low correlation. The high values from flask sampling suggest multiple local CH. emission sources around the Cumilla site, which TROPOMI’s field of view (7x5.5 km?2) could not capture at such small spatial scales. This highlights the difficulty in detecting localized CH. increases using satellite data.
The significance of our study lies in its ability to provide a deeper understanding of methane emissions in Bangladesh and South Asia, using satellite data to identify key sources and trends, which can inform targeted mitigation strategies for reducing greenhouse gas emissions and addressing climate change.
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remain uncertain due to limited ground-based data (Dlugokencky et al.,, 2011; R T = - e — 1928

s persistence of methane
(CH4) hotspots across
South Asia (left) and
Bangladesh (right) over
the period 2019-2024,
derived from satellite

2019

(ppb)
ane (ppb)

2
Methane (ppb)

2
Methane

24°N

Meth
]
wn
=

w

Hotspot Persistence (Years)
w

Hotspot Persistence (Years)

Kirschke et al., 2013) observations. The color
h o _ o _ _ 20N = gradient represents the

+ Weekly flask sampling in Cumilla, Bangladesh, initiated in 2014, provides a long- B £ number of vyears a

term, high-precision dataset of CH. concentrations (Patra et al., 2011). This Q L ELEERE il | ESERTSER, hemnda)) | BB L e | -~ ) | e | 0 3y Yo oy e s ey Y 15N 20N hotspot has  been
collaboration bridges critical gaps in in-situ greenhouse gas monitoring in the S detected in the same
region. (e) TROPOMI XCH, 2023 (f) TROPOMI XCH, 2024 o T 1 Iocation., W?th Qarker red

+ Space-based sensors like TROPOMI deliver continuous, high-resolution CH. 1307 I O S;ergisst;:td;]%agggts e

observations (Frankenberg et al., 2008). Combining satellite column measurements . e D Lo T T Lo |
(XCH4) with ground-based data enhances the accuracy of spatiotemporal CH. S
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+ Spatial and temporal variations are clearly observed for XCH, view.

This study aims to measure and analyze methane (CH.) + XCH, is the lowest in pre-monsoon season and highest in winter season.

e + As TROPOMI observed only column-averaged amount,
+ Number of data are still limited in Monsoon season.
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