Seminar “Physics and Chemistry of the Atmosphere”,
Institute of Environmental Physics (IUP), Univ. Bremen
Date: 16-May-2025, 14:15

Place: Building NW1, Room S1360

Assessing anthropogenic CH4 emissions from aircraft -
constraining landfill and open-cast coal mine emissions

Sven Krautwurst', Jakob Borchardt', Christian Fruck?, Stephen Harris**, Jorg Hacker®®,
Sebastian Wolff?, Mark Lunt’, Oke Huhs', Konstantin Gerilowski', Michat Gatkowski®?
Andrew McGrath?®®, Bryce F.J. Kelley®, Robert A. Field®, Christoph Kiemle?, Shakti
Chakravarty®, Mathieu Quatrevalet?, Wolfgang Junkermann?®, Martin Wirth?, Martin
Kumm', Josua Schindewolf", Mei Bai®”, Christian Mallaun®, Wolfgang Lieff®, Adrian
Murphy®®, Jakob Thobdll', John P. Burrows', Christoph Gerbig®, Andreas Fix?, Hartmut
Bdsch', and Heinrich Bovensmann'
1University of Bremen, Institute of Environmental Physics (IUP), Bremen, Germany
2 Deutsches Zentrum fur Luft- und Raumfahrt, Institut fUr Physik der Atmosphaére, Oberpfaffenhofen, Germany
3 UNEP's International Methane Emissions Observatory (IMEO), Paris, France
4 School of Biological, Earth and Environmental Sciences, The University of New South Wales, UNSW Sydney, 2052, NSW, Australia
5 ARA - Airborne Research Australia, Hangar 60, Dakota Drive, Parafield Airport, SA 5106, Australia
6 Flinders University, College of Science and Engineering, Sturt Road, Bedford Park, SA 5042 Australia
7 Environmental Defense Fund, Perth, WA, Australia
8 Department Biogeochemical Signals, Max Planck Institute for Biogechemistry, Jena, Germany
9 Faculty of Physics and Applied Computer Science, AGH University of Krakéw, Krakdéw, Poland
10 Jade University of Applied Sciences, Friedrich-Paffrath-Straf3e 101, 26389 Wilhelmshaven, Germany
11 Alfred Wegener Institute - Helmholtz Centre for Polar and Marine Research, Bremerhaven, Germany

12 The University of Melbourne, School of Agriculture, Food and Ecosystem Sciences, Parkville, Victoria 3010, Australia
13 Deutsches Zentrum fur Luft- und Raumfahrt, Flugexperimente, Oberpfaffenhofen, Germany

Along with carbon dioxide (CO2), methane (CH4) is a key driver of
anthropogenic climate change. Reducing CH4 emissions is critical for short-
term climate change mitigation. The main drivers of anthropogenic CH4
emissions are waste- and fossil fuel-related activities. They account for about
half of the global anthropogenically emitted CH4. Atmospheric measurements
of CH4 concentration gradients are a powerful tool to test inventory estimates,
which are usually based on bottom-up methods.

In this paper we present two recent examples of elevated CH4 emissions from
landfills near Madrid, Spain, and an open-cast coal mine in Queensland, Australia.
Both targets are also clearly detectable in TROPOMI satellite XCH4 data and
satellite data derived emission rates, which were questioned by facility
operators for both areas. We use measurements from airborne passive imaging
and airborne active greenhouse gas lidar instruments on board the same
aircraft to identify emissions from the waste facilities. These are combined with
validated modelled wind field data in a simple but fast cross-sectional flux
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method to quantify their strength. Emission rates with up to 13 t/h at the time of
the measurement flight for the study area from both techniques are in excellent
agreement with each other and support the conclusion of under-reporting of
the landfills from previous findings. A large proportion of the emissions are
attributed to the active landfill sites. For the open-cast mine in Australia, passive
airborne imaging data from one aircraft were combined with synchronously
acquired in situ CH4 concentrations and wind field observations from a second
aircraft. Emission rate estimates using the cross-sectional flux method, acquired
on multiple days over 2 years, are by a factor of at least 3-5 higher than bottom-
up based estimates and they agree with previous satellite-based estimates.
Reasons for the large discrepancy between top-down and bottom-up
estimates could be generalised emission factors for larger areas used in the
inventory, which are not actually valid for specific mines.

These two examples illustrate how irregular but high precision measurements
acquired during airborne campaigns can support emission estimates from
satellite instruments and pinpoint CH4 sources. Furthermore, within certain
limits, they can also support the verification of bottom-up methods.
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