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Retrievals of CO, and CH, Maps from the EnNMAP Satellite Using RemoTeC and a Matched Filter
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Satellite measurements are an indispensable tool for the global monitoring of anthropogenic greenhouse gas emissions. While
it is not a primary mission goal, the Environmental Mapping and Analysis Program (EnMAP) satellite is able to measure carbon
dioxide and methane emission plumes from localized hotspot sources.
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We compare methods to get emission estimates from these measurements. We use a physical retrieval (RemoTeC) which
yields integrated column densities for the targeted greenhouse gases, a statistical retrieval (matched filter) which yields a map
of enhancements, and a combined method which uses the physical accuracy of RemoTeC and the statistical information from
the matched filter.

Methods

Matched Filter

- Line-wise matched filter [e.g. Foote et al., 2020] with iterative
background selection using noise-equivalent enhancement
- Uses statistical spatial information gathered from the scene 2023]
- Unit absorption spectra are calculated using RemoTeC - Use RemoTeC for retrieval
- Input measurement covariance matrix calculated using matched
filter
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Combined Method

Goal: Use spatial information about the scene to find a more accurate
estimation of the measurement error, based on [Hochstaffl et al.,

RemoTeC

- Physical retrieval [Butz et al., 2009] for non-scattering atmosphere
using the strong absorption bands

- Details like e.g. surface albedo polynomials can be included in the
model

(Fx) = y) I + - [H- (x - x,)|[?) X=p+a-t

le23

i

Integrated Mass Enhancement for Selected Plumes
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Emission Estimation

Source RemoTeC Matched Filter Combined Source RemoTeC Matched Filter Combined Source RemoTeC Matched Filter Combined
= Flare A 3.62kg 4.68 kg 5.63 kg Vent 1 + 2 18.56 kg 19.43 kg 50.18 kg Pinto Landfill 5.20kg 8.76 kg 13.45kg
S Flare B 19.83kg 21.52kg 28.98 kg Vent 3 +5 22.95kg 27.89 kg 61.10kg Valdemingomez Landfill 3.23kg 4.79kg 7.26kg
= Flare C 18.54kg  20.84kg 27.33kg Vent 4 6.12 kg 8.37kg 18.04 kg
X Flare D 20.49kg  22.11kg 30.34 kg Vent 6 1.72kg 1.28kg 2.25kg

Flare F  17.76kg  16.17kg 23.35 kg Vent 7 16.58kg  18.13kg 28.56 kg

Flare G 29.17kg 30.10kg 40.46 kg Vent 8 10.62kg 11.77kg 19.07kg

Vent 9 15.23 kg 16.02kg 29.05kg

Conversion to Enhancement Maps . — - >
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- Calculate integrated mass enhancement (IME) ol E 2 TPy g PP
- Calculate source rate according to @ = Z£IME, where U Is the g g manp
effective wind speed calculated from U_ , and L is the plume § g
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38.86°N § ) : : Left: Oil- and gas facilities in Turkmenistan (02.10.2022). Center: Coal mining near Shanxi, China (30.03.2023). Right:
38.84°N & ; i : : : - —0.2 Landfills near Pinto, Madrid (06.12.2024). Tables show the integrated mass enhancement for each of the detected plumes for
e & ; _— ’ all three retrieval methods.
38.8°N he ) 4E MALE SAZE IR AR A More scenes available online (scan QR code). Some scenes were chosen for comparison with [Roger et al., 2023]. Preview of
S B 5 results for CO, available in [Borger et al., 2025].
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Differences in Retrieved Enhancements
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First Results

Albedo Features
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8 S - 5 This poster shows first results, further investigation needs to be done
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197 - Investigate causes for differences between methods
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i 20 - Improve plume mask algorithm to be able to perform emission estimation
, . , . , 0 0 - Investigate scenes with more difficult conditions (darker, more albedo variability)
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